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Abstract. Objectives Early clinical markers of Lyme carditis and other life-threatening prognostic factors
due to complications of borrelia infection are still the beginning of active research by scientists. The literature
describes a small number of cases of Lyme carditis with arrhythmias or cardiac conduction disorders. Material and
methods We reviewed the case of a 14-year-old girl. LC was diagnosed on the basis of history of disease, physical
examination, laboratory examination data (positive anti-borrelia IgM in ELISA with confirmation in immunoblot.
The presence of B. burgdorferi s.l. was detected by the method of immunoassay analysis using the Euroimmun
AG test systems (Germany). The presence of B. burgdorferi s.I. was detected by the method of immunoassay
analysis using the Euroimmun AG test systems (Germany). 2 instrumental methods: (ECG,Echo-cor) were used.
Results We described a case of Lyme borreliosis in a 14-year-old girl, accompanied by sinus bradyarrhythmia and
pericardial fluid -(hydropericardium) (passed after a course of antibacterial therapy). Analysis of this case indicates
early detection and adequate treatment of Lyme carditis in young people with minimal deviations of the
cardiogram. A case of Lyme carditis , in a child was confirmed.Echocardiography of the heart (at the time of
admission to the hospital andat the time of discharge from the hospital was made.

Conclusions 1. Lyme carditis should be suspected in patients with a history of Lyme disease and minimal
Electrocardiographic abnormalities , such as sinus bradycardia. 2. For differential diagnosis of Lyme carditis, it is
necessary to make ( carry out two-stage serological investigation of blood, especially using antibody screening
tests by ELISA with subsequent confirmation by the Western blot assay.

Keywords ELISA, child, COVID-19, Lyme carditis

List of abbreviations:
ASL-O —antistreptolysin-O
WBC — white blood cells,
leukocytes APP- Acute-Phase Blood Protein
LC-Lyme carditis
LB-Lyme boreliosis
Borrelia burgdorfery-B.burgdorfery
Electrocardiography-ECG
Background.
Lyme disease is the most common disease

when B. burgdorfery enters directly the heart tissue [5],
which can cause conduction disorders. Lyme carditis
can cause fainting, shortness of breath, heart
palpitations, or chest pain. The most dangerous
complication of conduction disorders is the full
atrioventricular block of the heart. Its correction
requires the use of pacemaker. Other reported serious
and even fatal heart complications include heart
arrhythmia, myocarditis, heart failure and sudden
cardiac arrest [6]. Early LC, defined as signs and

transmitted by the ixodes ticks. It is endemic in
Ukraine. Clinical manifestsation of the disease in the
early stages often includes erythema migrans and early
disseminated infection (multiple erythema migrans
lesions, cranial nerve palsy--most commonly VII,
aseptic meningitis or acute radiculopathy neurological
(Bell's palsy, radiculoneuritis, meningitis) particularly
with lymphadenopathy [1,2] or heart (atrioventricular
block, myopericarditis, pancarditis) manifestation [3].
In Europe, only 0.3-4 % of all cases of borreliosis
manifests itself in myocarditis [4]. Lyme carditis occurs

symptoms lasting less than 6 months after the tick bite,
represent the vast majority of the cases (95%) [5]. The
purpose of the work is to describe the peculiarities of
the clinical manifestation of Lyme carditis on the basis
of clinical, laboratory and instrumental methods of
examination and identification of its early clinical
markers.

Materials and methods. Our study was conducted,
in Ternopil region (Western Ukraine) and consists of
two parts: Study 1. During the first study we analysed
case history, anamnesis morbi and in the course of the
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second study we performed laboratory and instrumental
examination of blood samples of person with lyme
carditis. Study 2.Laboratory examination data (CBC,
C-reactive protein, (ASL — O), positive anti-borrelia
IgM, Ig G in ELISA with confirmation in immunoblot
(Euroimmun AG test systems (Germany). According to
the manufacturer’s recommendations, the presence of
specific IgM antibodies was considered positive,
intermediate  or negative, depending on the
combinations of OspC antigens of the three species of
Borrelia (B. afzelii, B. burgdorferi s.s. and B. garinii),
p39 and VLSE Bb. At the same time, the presence of
IgG was considered to be positive or negative,
depending on the combinations of VVLsE antigens of the
three species of Borrelia (B. afzelii, B. burgdorferi s.s.
and B. garinii) and other specific antigens: p18, p19,
p20, p21, p58 , OspC (p25), p39, p83, Lipid Ba, Lipid
Bb. Instrumental methods: (ECG, Echo-cor) were used.

«The authors declare that all the procedures and
experiments of this study were conducted according to
the ethical standards in the Helsinki Declaration of
1975, as revised in 2008(5), as well as the national law.
Informed consent was obtained from the patient
included in the study».

The authors received no funding for this study.

Results.

Case report. We reviewed the case of a 14-year-
old girl. She was admitted to the regional hospital
because of complaints of general weakness, rapid
fatigue and discomfortin the left half of the chest, pain
in the left ankle and metatarsal joint. Ankle pain
syndrome was unbearable, and did not respond to the
action of nonsteroidal anti-inflammatory drugs, flection
was not in full volume. History of present illness : there
was an evidence of a tick bite 2 months before, tick bite
sign and redness in the area of the joint. At that time
mother did not pay attention to symptoms. Thus, the
girl was healthy did not receive preventive treatment,
and did some in sports. Past medical history: None. A
child from the first full-term uncomplicated pregnancy.
Pertinent physical examination : Her mental and
physical development corresponds to her age. The skin
is pink. The general condition of the patient is moderate
severity, body temperature 37,3 °C. Heart rate 56 bpm,
the tones were preserved, some arrhythmia is presence

Respiratory rate: 20 breaths per 1 minute,
auscultatory-vesicular. BP 110/70 mm Hg. Sp0O2=99 %

Tabl 1.
Parameter Lyme arthritis Index
Hemoglobin, g/dI 115
Leukocytes, cells/ul 12,1
Platelets, cells/ul
ESR, mm/h 40
CRP, mg/di 40.7
Rheumatoid factor, 6.9
1U/mI< 10 '
Antinuclear antibodies,
titer <1:100
<1:100
Joints ultrasound bur3|t|s_a_nd
synovitis
ELISA
(Borrelia burgdorfery RU/ml 176.79-17.77
IgM
IgG- 72.2-77.6
Sialic acids <2.0 mmol/L
total protein — 60 g/l
Taking into account, that the child before this case  serological testing for lyme borreliosis. Enzyme

was healthy,engaged in sports.the history of tick bite,
cardiac clinical symptoms and changes of ECG, the
patient was scheduled for following examinations:
serological tests for diagnosis of Lyme borreliosis,
echocardiography, ECG in the dynamics. The
peculiarity of this case was the deterioration of the
patient's condition 2 months after tick bite. The
treatment with non-steroidal anti-inflammatory drugs
did not bring relief. Table I. Laboratory and ultrasound
findings in the patient. The patient underwent

immunoassays for specific anti-Borrelia burgdorferi
IgM and 1gG were positive (176.8 U/ml and 72.2 U/ml
respectively. Immunoblot assay identified the presence
of several antibodies targeting the OspC Ba (B.afzelii),
OspC Bb (B.burgdorferri), OspCBg (B.garinii), P39 Ig
M, VISE B.afzelii (VIs EBa) 34, VISE B. burgdorferi
(VISE-Bb)33, VISE B. garinii (VISE-Bg)33, Lipid
B.afzelii (LBa)8, Lipid (B. burgdorferri) (LBb)2, p83
(p83)12, Flagellum (p41)87, BmpA (p39)8, OspC
(OspC)27, BB_A34 (p58)1, BB_K53 (p21)4, BB_Q03
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(p20)3, BB_N38 (p19)4, BB_P38 (p18)29, Anti-human
1gG (1gG) 63 were detected. ECG indicators at the time
of admission (Fig. 1,2):

ToKa3HUKN iHaexc Nesica: -6 4um
iHaexc KopHenna: 4.4um
YCC 56ya /xe Bpapukapain
P 102uc PQ 136mc QRS 80mc [ucnepcis QT: 3eu4. 12mc Make. 40mc 3 8/8 sigseseHs

QT 39%mc QTc 386mc QTrel 9%

B SN S S A

P 0,8um 65°
QRS 172um 73 Bucosok

T 4.2um 63° PuTm cuHycosui, Henpasunbhuit 3 YCC 49-60 ya./xe.
i = Curycoea Gpaguapurmia
BeprwansHiicy EBC: BepTikanbha
CHHPOM paHHbOI penonspu3aaLyi WyHouKe

iHaekc Coxonosa: 29,0mm

M

PP ECA I G| B\ /
Buwe R e R T R e I e A T e e

Fig2.

SRR

Heart rate 56 bpn, bradycardia. P 102ms, PQ  40ms with 8/8 leads. Conclusion: Sinus rhythm, with
136ms, QRS 80ms, QT 398ms, QTc 386ms,QTrel 99  heart rate 49-60 bpm. Sinus bradyarrhytmia, vertical
%, P 0.8mm 65°, QRS 17.2mm 73°, T 4.2mm 63°.  axis. Early ventricular repolarization syndrome. ECG at
Vertical Axis, Sokolov Index:29.0mm, Levis Index: - the time of discharge from the hospital (Fig. 3, 4):
6.4mm, Cornell Index: 4.4mm. Dispersion 12ms Max.
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Fig 4.

Heart rate 62 bpm. P: 96ms PQ: 130ms QRS:
80ms QT: 398ms QTc: 405ms QT rel: 104 %.

Conclusion: Sinus correct rhythm 62 bpm.
Vertical Axis. Early ventricular repolarization
syndrome. Echocardiography of the heart (at the time
of admission to the hospital). The chambers of the heart

are not dilated. The structure and function of the valves
are preserved. Left ventricular contractility is normal.
A small echo-free space 4 mm thick (a small amount of
fluid in the pericardium) is located behind the posterior
wall of the left ventricle. Echocardiography of the heart
(at the time of discharge from the hospital).

Table 2 .
Parameter Before treatment After treatment
Aorta, cm 2,1 2,1
LA, cm 2,2 2,2
IVS, cm 0,7 0,7
PW,cm 0,7 0,7
EDD cm 3,7 3,6
EDV ml 53 52
ESV, ml 21 20
RA, cm? 9 9
RV,cm 1,7 1,7
EF,% 60 62

The chambers of the heart, the structure and
function of the valves are normal. Left ventricular
contractility is preserved. Fluid in the pericardiumis not
determined. During this time, after treatment with
antibiotics, the patient's condition became stable. The
heart rate was normalized with 62 bpm, BP — 120/80
mmHg. Table 2. Echo-cor Options LA, left atrium;
IVS, interventricular septum; PW, posterior wall; EDD,
end diastolic distance; EDV, end diastolic volume; RA,
right atrium; RV, right ventricle; EF, ejection fraction.

Child's treatment. For antibiotic treatment Ceftriaxone
50 mg/kg/day intravenously once daily during 14 days
was used. Nonsteroid therapy (ibuprophen) was
prescribed. After treatment the patient’s condition
improved, signs of arthritis resolved and arthralgias
decreased. Discussion. In our case we observed: history
of tick bite and erythema migrans in child, signs and
symptoms of carditis and arthritis, atrioventricular
block or arrhythmia. Lyme disease at the beginning
usually presents skin lesions accompanied by fever, flu-
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like features — fatigue, low temperature, arthralgia,
myalgia and nausea. In many cases, skin lesions can
have partial central enlightenment, which looks like
"bovine eye"[4,5]. If the infection is not localized, it
can spread and affect the whole body [5].
Manifestations of LB. Miocardial presents in many
different ways, ranging from mild symptoms to chest
pain and palpitation, association with trancient ECG
changes to life-threatening cardiogenic shock and
ventricular arrhythmia [8,9]. In most cases, the clinical
expression of myocarditis can be exemplified by 3 main
patterns of presentation 1) recent-onset heart failure, 2)
arryhytmias and 3) chest pain. Patients may experience
bradycardia due to varying degrees of AV block, which
often happens to be the only sign of Lyme carditis [10].
Heart symptoms (14 leukocytes/mm2 including up to
3) monocytes/mm2 with the presence of >7 CD3-
positive T lymphocytes/mm2. According to some
scientific research on autopsy, it was found that the
cause of death was diffuse pancarditis with great
lymphocytic infiltration and focal interstitial fibrosis
[11]. Among the bacterial etiology of carditis: Brucella,
Corynebacterium diphtheriae, gonococcus,
Haemophilusninfluenzae, Actinomyces, Tropheryma
whipplei, Vibrio cholerae, B.burgdorferi, leptospirosis,
Rickettsia, Mycoplasma pneumoniae. Most cases of
Lime carditis are clinically asymptomatic. If they are
symptomatic, typical signs may be: complaints of
fatigue, shortness of breath, heartbeats, fainting,
syncope and chest pain [5.6.7.8]. Musculoskeletal
manifestations include arthralgia and arthritis. Arthritis
typically presents with recurrent brief attacks of joint
swelling in 1 or more joints, typically involving the
knees [12]. As clinical manifestations of the
disseminated form of the disease, the patient may have
multiple secondary EM, arthritis of large joints,
neurological lesion [13] and heart lesions manifested
by the atrioventricular unit [14]. How long after
Borrelia infection can LC symptoms occur? The late-
spread stage lasts for months or years after a tick bite
and occurs in 60 % of patients who have not received
treatment [2]. Such patients may experience periodic
bouts of arthritis [9]. Borrelia disseminates from skin to
other organs quickly. It replicates, Kills host cells, and
emerges through the membrane of that cell. Within
days to weeks after infection, Borrelia has been
recovered from blood, cerebrospinal fluid, myocardium
[12,15]. The study was intended to identify changes in
blood serum proteins in people infected with B.
burgdorferi at the earliest stage [16]. In our study we
detected signs of inflammatory activity (leukocytosis
with neutrophilic shift to the left, increased ESR,
increased C-reactive protein, sialic acids. Analysis of
our study shows early LB-associated proteins revealed
1. Increase of acute phase proteins (C-reactive protein)
assays for detecting host biomarkers associated with
bacterial fevers, such as C-reactive protein (CRP) and
are used in hospitals in Europe to differentiate between
bacterial and non-bacterial infections [17] , (Tabl.1);
Acute  phase  proteins  (C-reactive  protein,
antistreptolysisin-O (ASL — O), as biomarkers of
inflammation, can react within hours after borreliosis

penetrate the skin [14]. 2. Borrelia antibody IFA as well
as confirmatory IgG and IgM Western Blot were
positive. Diagnosis of Lyme disease confirmed by
laboratory tests prescribed according to the
recommendations of the Centers for Disease Control
and Prevention [14]. In response to infection, the host
immune response to Borrelia integrates both cell-
mediated and humoral mechanisms [15]. That’s why its
an importance of the 2 stage tests in the diagnostic of
ethiology carditis of Lyme disease [14,17]. In
Laboratory testing we found antibodies to
B.burgdorferi in the serum [15,16]. Although
serological testing can initially give false negative
results, a second serological study should be conducted
within two to six weeks especially in a patient with
suspected Lyme carditis [14]. Immunoblot is a highly
specific test used to diagnose Lyme disease. In our case
Immunoblot assay identified the presence of several
antibodies targeting the OspC Ba (B.afzelii), OspC Bb
(B.burgdorferri), OspCBg (B.garinii), P39 Ig M, VIsSE
B.afzelii (VIs EBa) 34, VISE B. burgdorferi (VISE-
Bb)33, VISE B. garinii (VISE-Bg)33. On the other hand,
there is a suggestion the immunobOn the other hand,
there is a suggestion the immunoblot assay tests for the
presence of antibodies to specific B. burgdorferi
antigens, including immunoglobulin (Ig) M antibodies
to 3 spirochetal antigens (the 23/24, 39, and 41 kDa
polypeptides) and 1gG antibodies to 10 spirochetal
antigens (the 18, 23/24, 28, 30, 39, 41,45, 60, 66, and
93 kDa polypeptides) [16]. Based on positive results of
serological tests, Lyme borreliosis was confirmed. The
diagnosis of Lyme carditis is challenging: it is usually
made in the presence of other manifestations of Lyme
disease—concomitant erythema migrans, arthritis, or
neurologic disease, or such cardiac manifestations as
ECG findings and congestive heart failure—together
with positive serologic testing for B. burgdorferi
infection. One should note that positive serologic
testing is not by itself diagnostic, nor does negative
serologic testing exclude the diagnosis [16]. In our
study we estimated ECG Sinus bradyarrhytmia, vertical
axis. Early ventricular repolarization syndrome. Echo-
cor. A small echo-free space 4 mm thick (a small
amount of fluid in the pericardium) is located behind
the posterior wall of the left ventricle.
Echocardiography can provide valuable information to
assess the presence and stage of heart dysfunction,
which is important for the management of these
patients [16,17]. According to Nelson CA, SahaS, the
12-lead ECG and Holter can show depression of the ST
segment, inversion of T-waves in the chest leads and
conduction disorders [16].

The criteria for diagnosis of myocarditis are the
following [12, 16]: 1. Standard ECG/Holter Daily
Monitoring — AV-block degree 1-3 — Blockade of the
bunch of Gis — ST/T changes (ST interval inversion), —
Paroxysmal tachycardia, — Low voltage (if R in
standard leads is less than 5 mm or less than 10 mm in
the breast leads. - Frequent extrasystoles. In a previous
study, Alida L.P.Caforio et al. [7] electrocardiogram
(ECG) is usually abnormal in myocarditis though ECG
signs are neither specific nor sensitive. Some ECG
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changes are more suggestive of myocarditis than
others. For example, ST-T segment elevation in
myocarditis is typically concave (rather than convexin
myocardial ischaemia) and diffuse with out reciprocal
changes. A-V block in the presence of mild left
ventricular dilata3tion can be due to various causes, but
it may also be suggestive of Lyme disease, cardiac
sarcoidosis, or giant cell myocarditis. In another recent
publication [18], autor said that conduction system
involvement is diverse, possibly including but not
limited to bundle branch block, intraventricular
conduction delay, prolonged QT interval, ventricular
and fascicular tachycardias, and complete heart
block.The most common LC electrocardiogram (ECG)
findings in patients include atrioventricular (AV)
conduction abnormalities (first, second, and third
degree heart block) [19], atrial fibrillation and a full
atrio-ventricular block [20] of a first-second grade type
I . In our study echocardiography of the heart (at the
time of admission to the hospital). A small echo-free
space 4 mm thick (a small amount of fluid in the
pericardium) is located behind the posterior wall of the
left ventricle. Echocardiography helps to rule out non-
inflammatory cardiac disease such as valve disease and
to monitor changes in cardiac chamber size, wall
thickness, ventricular function, and pericardial
effusions [7]. According to scientific finding, in
Echocardiography we found: enlargement of left or
right ventricle, thickness of the wall of the left ventricle,
pericardial effusion — for no other reason. [18]. The
literature describes a number of cases of Lyme carditis
with heart rhythm disorders or isolated block of nerve
branches or other conduction disorders [21, 22, 23].
Differential diagnosis with other cardites was made. In
viral myocarditis, the Coxsackie B family of the single-
stranded RNA viruses, in particular the plus-strand
RNA virus Coxsackievirus B3 and Coxsackievirus B5
are the most frequent cause [15]. Most studies have
reported cases of the involving protozoa, fungi,
parasites, allergy, autoimmune disorders are also
causes of eosinophilic myocarditis [6]. Other causes of
lyme carditis may be Chagas disease, Kawasaki disease
[24]. Acute rheumatic cardiitis should also be excluded
in diagnostic search in patients with violation of AB
conduction due to acquired heart disease, especially in
pediatric practice. Most cases are reversible AV-blocks
of the first or second degree [19]. The mechanisms of
development of infectious genesis carditis, are actively
studied today, including a completely new infection
SARSCoV-2[16, 23, 26]. A recent incident reported by
Kannangara et al. Diseases (2019) [25] describes
manifestations of Lyme carditis (LC) vary from
asymptomatic and symptomatic electrocardiographic
changes and heart block (HB) reversible with
treatment, to sudden death.tachycardia in the pediatric
case of LC. The AV-block in Lyme carditis is usually
reversible, and takes place after a course of antibiotics
[20,22].

For diagnosis of carditis it is necessary to make
CBC, CRP, ECG, Echo-cor, and which tests are needed
for etiological diagnosis of carditis it necessary to make
two-stage serological investigation tests of blood are

needed. Oral antimicrobial agents are appropriate and
effective for most manifestations of disseminated Lyme
disease, including multiple erythema migrans and for
patients with Lyme carditis treated as outpatients. For
patients requiring hospitalization for Lyme carditis (
high-grade atrioventricular block), initial therapy
usually is parenteral but can be completed with oral
therapy for a total course of 14 days (range: 14 to 21
days) [26]. Early clinical markers of LC and other
predictors of life-threatening complications of
borreliosis infection are still at the beginning of an
active study by scientists. Therefore, the case described
Lyme  borreliosis,  accompanied by  sinus
bradyarrhythmia and pericardial fluid (past after taking
an antibacterial therapy course), may target early
detection and adequate treatment of Lyme carditis in
young people with minimal deviations in cardiogram
indicators [27, 28, 29]. Clinicians, pathologists,
immunologists, and molecular cardiologists must
contribute to the new criteria, which should include
clinical presentation, histopathology,
immunohistochemistry, viral polymerase chain
reaction, cardiac antibody assessment, and imaging
results. Finally, it is possible that sinus bradycarditis or
other minimal deviations from the normal ECG can be
studied Manuscript body Download source file (60.08
kB) as potential early markers of heart lesions not only
in Lyme borreliosis, but also in other infectious
diseases, including COVID-109.

Conclusions

1. Lyme carditis should be suspected in people
with a history of Lyme disease and minimal
abnormalities in cardiograms, such as sinus
bradycardia.

2. For diagnosis of Lyme carditis, it is necessary
to make two-stage serological investigation of blood,
especially use of antibody screening tests by ELISA
with subsequent confirmation by the Western blot
assay.
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ILIZAROV - FOUNDER OF DISTRACTION OSTEOGENESIS

Aboynxadbupose Mazomeo A60ynxaduposuu,

doyenm Kaghedpbl MpasmMamonocuu u Opmoneouu
Meouyunckoeo uncmumyma,

Poccuiickuii ynusepcumem opyorcovl hapooos (PYIIH), Mockea

HNJIIM3APOB — OCHOIMOJIOKHUK JUCTPAKIHIMOHHOI'O OCTEOI'EHE3A
DOI: 10.31618/ESSA.2782-1994.2021.3.68.23

Summary. The article analyzes the unique personality of the XX century, the outstanding Soviet orthopedic
surgeon-Gavriil Abramovich Ilizarov. The evolutionary process of the formation and development of the Ilizarov
method in traumatology and orthopedics at the domestic and world level is shown. The undeniable advantages of
the external fixation system developed by Ilizarov are revealed. The design of the Ilizarov compression-distraction
apparatus is considered. Being familiar with G.A. llizarov, the author shares his memories about him, describes
the biological and mechanical features of the influence on the bone and other tissues of the Ilizarov system, which
has become a classic and internationally recognized in the treatment of patients with fractures, pathological
conditions of the musculoskeletal system, congenital and post-traumatic orthopedic deformities of the limbs.

AHHOTa].ll/lH. B crartpe OCYHICCTBIIACTCA aHaAJIUu3 YHHKaHLHOﬁ JIMIHOCTH XX CTOJICTHA, BBIAAKOIICTOCA
COBETCKOTO XHupypra-opromneaa — IlaBpumna AOpamoBuua HMnuzapoBa. IlokazaH 3BOJIOIMOHHBIA IYCTh
CTAaHOBJICHUA WU pa3sBUTUA METOOA I/InmapOBa B TpaBMAaToOJIOTUHU U OPTONCANU HAa OTECYCCTBECHHOM W MHPOBOM
ypoBHE. BBISIBIICHBI HEOCTIOpUMBIE IPEUMYIIIECTBA pa3padoTaHHON MTH3apoBsIM CHCTEMOMN BHEUTHEH (DUKCAIHH.
PaccMoTpeHa KOHCTPYKITUS KOMIIPECCUOHHO-TUCTPAKIIMOHHOTO anmapaTa Mnuzaposa. Byayuu 3nakombiM ¢ T.A.
I/IJ'II/ISapOBLIM, ABTOP ACJIUTCA CBOUMU BOCIHOMHUHAHUAMHU O HEM, OIMUCHIBACT 61/10J10r14qe01<14e U MEXaHHUYCCKHUC
OCOOCHHOCTH BJIMSHHUS Ha KOCTHYIO W JPyrde TKaHH HIIH3APOBCKOW CHCTEMBI, CTABIICH KITACCHUCCKOW H
l'IpPISHaHHOfI Ha MHUPOBOM YPOBHC IIPpH JICUCHHUHU IMAIMMCHTOB C IEPCIOMaMH, MATOJOTHYCCKUMHU COCTOAHUAMU
OIIOPHO-ABUT'ATCIIBHOT'O aIlrapara, BPOXKACHHBIMA U IIOCTTPABMATHYCCKUMH OPTOINICANYCCKUMUA Z[e(bOpMa].[I/ISIMI/I
KOHEUYHOCTEH.

Keywords: Gavriil Ilizarov, osteogenesis, traumatology, orthopedics, distraction, llizarov apparatus, bone
elongation.

Knrouesvie cnosa: Faepuuﬂ Hﬂu3ap06, ocneoceHes, mpasmanonocus, opmoneduﬂ, Oucmpakuuﬂ, annapam
Hnuzaposa, yonunenue kocmet.

IHoctanoBka mnpoOJjeMbl. MeTox yAIMHEHHS, 3HAKOMCTBAa aBTOpa CTAaThbH, OPHEHTHPOBAHHBIX, B

PEKOHCTPYKLMU U OCTEOCUHTE3a KocTel 1o Mnuszapoy
MOJNy4nuJl OTPOMHOE pasBUTHE C MOMEHTa €ro
BHenpenus [.A. Unuzaposeim B CoBetckom Coroze B
1960-x romax W 3amagHBIX cTpaHax B Hadane 1980-x
rosioB. Meton MnuzapoBa cTajl HEOTbEMJIEMON YaCThIO
apceHara, HCTIOJIB3YEMOT0 OPTOTEANICCKUM
CO00IIECTBOM BO BCEM MUPE, IBOJIOIIOHHOE Pa3BUTHE
KOTOPOTO ¥ €ro HBHCIIHAA pPOJb 3HAYUTEIHHO
YAYYIIWIN KAauecTBO J>KM3HM MUJUTMOHOB JIIOJIEH.
HecmoTpss Ha OoMNbIIyl0 YHUBEPCATBLHOCTH  €TO
BO3MOXXHBIX TPUMEHEHUH TIpU TMOBPEKACHHUIX U
3a0oeBaHuAX KocTel, Meron Mim3zapoBa HE MOXET

OBITHh  aNbTEPHATHBONH pAAY JAPYTHX  METOJOB,
NPUMEHSIEMBIX TPH HEKOTOPBIX cCIerupuIecKux
cocrosHusix kocrel. Cam TaBpumn HMnusapos
opejocTeperal  HE  CYMTaTh  €r0  CHCTEMY
YHA(GHUINPOBAHHOM. [Ipobnema HCCIIEAOBaHUS
o0ycnaBnuBaeTcs OTCYTCTBUEM KOMILIEKCHOTO

BCECTOPOHHET0 aHalu3a YHHUKAJIbHONH METOHONOTUU
coBeTckoro Bpaya ['aBpumna Ab6pamosuya Unmzaposa
B pa3pese PETPOCIEKTHBHOIO aHAIN3a €0 METOAa B
OPTONEANU U TPAaBMATOJOTHU C LIENBIO ONpPENCICHUS
MEPCHECKTUBHBIX HaHpaBHeHI/Iﬁ llaHBHeﬁHII/IX HaYy4YHBIX
WCCIIEIOBAaHUN B JAHHOM OOJIACTH C y4eTOM JIMIHOTO

NEePBYIO OuYepeb, HAa BHEAPEHHE H IPAKTUICCKOE
WCTIONb30BaHUE B KIMHUYECKOH paboTe.

AHanan3 MOCJeTHUX HCCJIe0BAHMI "
nyoaukauuid. Bompocsl, cBA3aHHbIE € JUYHOCTBIO
BEJIMKOTO JoKTopa Mim3apoBa, a Takke COBPEMCHHBIC
SKCIICPUMCHTANBHBIE  HCCICIOBAHUS  KacaTelbHO
HCTIOJb30BaHUS MeToaa JTUCTPAKIIHOHHOTO
ocreorenesa (Meroma Vnm3apoBa) OBUTH OCBEIICHHI B
Tpyaax otedecTBeHHBIX (A.S. Ancmanu, D.M. Conon,
M.A. Abnynxabupos, A.H. UBamkun, A.A. ApTeMbeB,
AM. Komy6 [1], A.B. I'y6un, J.10. bop3ynos, T.A.
ManskoBa [3], .M. Wnusaposa-AGaeBa [4], D.A.
MenukoB, A.IO. J[lpo6emmes, MN.A. Kmuma, C.A.
Cuurepes, C.B. Ilampunr [5],) u 3apyOexHBIX
uccnenosareneit (J.G. Birch, M.L. Samchukov [6], M.
Bisaccia, C. Ibanez [7], J.J. Jr. Gugenheim [11], D.
Lowenberg, M. Githens [12], etc).

Tak, mo muenmro J.G. Birch, M.L. Samchukov,
BHeApeHne Ha 3amame B Havane 1980-x romos
HUPKYJSIPHOTO  Hapy)XHOTO (UKcaTopa ¥ METoxaa
Wiu3apoBa mpuBEIO K OBICTPOMY HpOrpeccy B
YAJIMHEHUN KOHEYHOCTEH, KoppeKkmu aedopmarii u
PEKOHCTPYKIIMKA CETMEHTAPHBIX [UIMHHBIX KOCTHBIX
nedexroB [6]. MexaHnuueckue OCOGEHHOCTH U
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Ouwoyiornveckass ~ peakius  Ha  HCIOJb30BaHUE
JNUCTPAaKIIMOHHOTO  OCTEOreHe3a C  KPYTrOBBIM
HApYXXHBIM (DUKCATOPOM SIBISIOTCS YHUKAIbHBIMHU
acreKkTamu BKJIaaa T.A. Wnuzaposa. B
JKCIICPUMCHTAIBHBIX HCCIICOBAHUAX, MPOBOAUMBIMU
asropamu J.G. Birch, M. L.Samchukov, a raxxe
sknepuMenTax D. Lowenberg, M. Githens nauGoiee
pacTpoCTpaHEHHBIMH TIOKA3aHUAMH IS JeTell
MOJPOCTKOB SBIISIIOTCSI y/UIMHCHHE KOHEYHOCTEH U
KOPPEKIIHS YIJIOBOM nedopmanum [6;12].
JleicTBUTENBHO, XHUPYPrUYECKOe TMPUMEHEHHE |
MOCJICOTIePAIHOHHOE yhIpaBJeHHe amnmapaTom
WnuszapoBa TpeOYIOT KpPOMOTIMBOTO BHHMAHUS K
JleTaliM Kak MalKlenTa, Tak u xupypra. Kpome toro, ot
xupypra  TpeOyercs  TIIATEIbHOC  MMOHUMAaHHE
OCHOBHBIX MPHHIUIOB paboThl ammapara Mnu3aposa,
MEXaHUYECKOH OCEBOM MEPECTPOUKH, OTECHIMAIBHBIX
OCIIOKHCHHH W  OWONOTHMYECKOW  peakuud Ha
pacTshKeHHeE.

B tpymax J.J. Jr. Gugenheim oGocHOBBIBaeTcs,
yTo Metox Mmm3apoBa MMeeT MIMPOKOE MPHMEHEHHE
it (HOPMUPOBAaHUA KOCTHOM W MATKOH TKaHH C
MOMOIIBI0 BHEITHEro (hUKCaToOpa, COCTOAILICTO U3
HEOONBIINX IMITU(PTOB, HATSDKHBIX MPOBOJIOK, KOJIEII,
[MIAPHUPOB M TUCTPakTOpoB [12]. Ycemex MeTomukH,
KaK CIpaBe/UIMBO YyTBEpPXKAaeT aBTOp, 3aBUCUT OT
coONIO/IcHUST ~ MPUHLIUIOB  (EHOMEHAa  «CcTpecc
HATPSHKCHUS Wnuzaposa: COXpaHEeHHE
KPOBOCHAOXKCHUS TKAHEW, dYactas MAUCTPaKIUsI C
HEOOIBIINMU MIPUPAIICHUSIMH, TTOTHOLICHHAS ()YHKIIHS
KOHEYHOCTH.

BblesieHne HepelleHHbIX paHee YacTeil 0011ei
npood/IeMbl.

HecmoTpss Ha  MeXIyHapogHOE MpHU3HAHUC
WnuzapoBa, BKIIOYass co3laHHE ACCOIMALMU  T10
W3YYEHHIO H TPUMEHEHHI0O MeTofoB Mnu3aposa,
IIPUIJIALEHUE I'aBpunna AbGpamoBuya Ha
MEXIYHAPOJHBIE  CHMIIO3UYMBI, KOH(epeHIIHH,
MPOTUBOCTOSIHUE W CKENTHUIU3M CO  CTOPOHBI
MOCKOBCKOTO METUITMHCKOTO MCTEOIUIIIMEHTA
MPOJI0IDKAIIOCH JT0 TIOCIEIHUX JIeT Ku3Hu Mnmzaposa,
OTPaHMYMB BEIHKOTO Bpada BO MHOTHX 3BaHHUAX U
Harpajax, BKIIF04as B ce0s BOSMOKHOCTB OBITh WICHOM
Axanemuro MeguiuHckux Hayk CCCP, y10CTO€HHBIM
Hob6eneBckoit mpemuu u ap.

Hens craThm 3aKkimrodaeTcs B 0030pe MeTona
NnuzapoBa M €ro HEOCMOPUMBIX MPEUMYIIECTBaxX B
COBPEMEHHOW XUPYPTrUU TpHU JICYCHUH Pa3IUIHBIX
MATOJIOTHIECKUX COCTOSIHUH OTIOPHO-ABUTaTEIHHOTO

anmapaTa.

M3noxeHne 0CHOBHOT0 MaTepuaa.

laBpumn AGpamoBndy Wnm3apoB — COBETCKHMA
Bpad, JIOKTOp MEIUIMHCKHX HayK, mpodeccop,

akanemuk PAH, I'epoit Conmanucruueckoro Tpyaa,
3acimyxeHHBIH m3o0peratens CCCP, w3BecTHBIN
n3o0pereHreM ammapara MimzapoBa s yATHHEHUS
KOCTEIl KOHEYHOCTEN U METO/1a XUPYPrUH, Ha3BaHHOTO
B €r0 4ecTb Xupyprueil Mnuzaposa.

I''A. WnmzapoB pomwiacs 15 wmroms 1921 r.
CTapIINM U3 IIECTH AeTell B OeTHON eBpelCKoi ceMbe
B bemnosexe (Ilomecckoe BoeBoacTBO, I[lombima).
Bckope mocie ero poxIaeHHs CceMbsl Iepeexaia K

poaurensim ero orua B I. I'ycap (Azep0Oaiimxkan). Ero
orerr, AGpam Mnu3apoB, ObUI TOPCKHM €BpeeM U3
I'ycapa, a math, ['onma PosenOirom, Obuta eBpeitkoi
AIIKEHA3CKOT0 NMPOUCXOXKACHUS.

I'A. Wnuszapos OKOHYUII bylinakckuii
MenunuHckuid  Pabdak  (yueOHoe — 3aBeneHnwue,
CO3JJaHHOE IJIsl MOATOTOBKM pabOYMX M KPECThSH K
BEIcIeMy oOpa3zoBanmio). B 1939 romy moctymmn B
KpriMckoe MeaunmHCKOe yummmie T. CuM(peporons.
IMocne Bembimukn Benmkoit OTedecTBEeHHOH BOWMHBI B
1941 romy yuwmnmme OBUIO JBaKyHPOBAaHO B
Ks3buopae B Kazaxcrane. Ilocne OKOH4YaHUS IMIKOJIBI
B 1944 romy T'.. WnmzapoB ObL1 HampaBieH B
cenbCKyr OonpHHIly B c. JlonroBka Kypranckoit
obnactu B Cubupu, pacnonoxennoir 2000 kM k
BocToKy oT Mockssl. B 1950 rony Mnuszapos mosryuuin
Mecto B oraeneHun Kypranckoil — oOiacTHON
KIMHUYECKOH OONIBHMIIE XHPYproM CaHHTapHOH
aBuanmu. B 1955 rony cran 3aBeayromuM oTAEICHIEM
TpaBMarojoruu u  opromeamun  KypraHckoro
00JIaCTHOTO TOCTIUTAJISI BETEPAHOB BOMHBI.

O0yuyeHne B OpAMHATYPEe H YHHKAJIbHbIE
skcnepumenTsl Uiuszaposa.

Opnunatypa  Wnmzaposa npoxoaumna B
OpTONEIUYECKOW XHUPYPrMM, B XOJE€ KOTOpOH OH
paspaboTan cucteMy BHemrHed Qukcamn (1951).
TlaBpunun AOGpamMoBUY OOHAPYKUJ, YTO, OCTOPOXKHO
OTceKasi KOCTbh, HE pa3pbIBas HAAKOCTHUILY BOKPYT Hee,
MOXKHO CJIeTKa OTAEIHUTH JBE IOJOBHHKH KOCTH U
3a(h)MKCUpOBaTh MX HAa MeECTe, U KOCTb OyHeT pacTH,
3aronHssA oOpa3oBaBmImiics 3a30p. Bmecte ¢ Tem I'.A.
WmmzapoB oOHapyX w1, dYTO KOCTh OTPacTaer ¢
JIOBOJIBHO PaBHOMEPHOM CKOPOCTBIO y PAa3HBIX JIIOAEH
1 00CTOSTEIBCTB.

JlaHHBIE 3KCTIEPUMEHTHI IPUBEIH K CO3JJAHUIO TaK
HaszplBacMoOro  ammapara  MnuszapoBa,  KOTOpPBIH
yAEpKUBAEeT Pa30pPBaHHYIO TaKUM 00pa3oM KOCTh Ha
MecTe Ormaronaps kapkacy U OynaBKam, MPOXOISIINM
yepe3 KOCTb, U OTHAENAeT IIOJOBHHKM KOCTH Ha
KPOIICYHYIO BEJIMYMHY; IOBTOPSAS 3TO C TECUCHHEM
BPEMEHH CO CKOPOCTBIO poOCTa KOCTH, MOXHO
YUIMHATh KOCTh Ha »JKEJIaeMyl0 BEIMYMHY. OTa
npoueaypa OblIa BIOXHOBJICHA YIPSIKBIO U3 JIyKa Ha

KOHHOH moBo3Kke. [lepBoHawampHO T pambl
HCII0JIB30BAJIMCEH BEJIOCHUIIEIHBIE IETAIIH.
[lpyurHO#  co3gaHMst  CUCTEMBI  BHEIHEH

(bukcaiyu nociayxuio npedsiBanue B ¢. Jlonroska, rue
Wm3apoB CTOJNKHYJICA C OTPOMHBIM KOJHMYECTBOM
H&TOHOFHﬁ, OJHAKO HMMCJI MHHHUMAJIBHOC KOJIHYCCTBO
JOCTYIIHBIX €MY TEXHOJIOTHH. OTKpI)ITBIe MEPEIOMBI
4acTO TPHUBOIMIN K CENTHYECKOMY HECPAIICHHUIO.
XpoHndeckasi 00Jb, IpEeHAX W pa3pylieHHe KOCTEH ¢
YKOpPOYEHHEM  KOHEYHOCTeH  ObuIM  OOBIYHBIM
siBeHreM. B cBoro ouepens, Mnusapos ucnonb3osaln -
CTEpUIIbHBIE BEJIOCUIIETHBIE CITUIIBL, IPUKPETITICHHBIE K
KyCKaM MeTajula B KauecTBe BHeUIHel (ukcanuu s
9THX  CENTHYEeCKHX HecoeliuHeHMi. bmaromaps
KIIMHUYCCKOMY OIIBITY u J'IaGOpaTOpHI)IM
OKCIICPUMEHTAM Ha JXHUBOTHBIX OH 06Hapy>1<nn, qTO
MOXET YCTPAHUTDH I/IHq)eKHI/HO 1 UCHCIIMTHh HCCIMHCTBA
myTeM MOCTETIEHHOT O, KOHTPOJIMPYEMOTO
MaHHUITyJIUpOBaHU ycTpoiictBoM. Camoe 3HaumMoe,
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YTO HU AHTHOMOTHKOB, HM KOCTHOW IUIACTUKH HE
TpeOOBaJIOCH.

B npaneneitmem I'.A. MnusapoB mnomsiTancs
UCTIPaBUTh HEPABEHCTBO [UIMHBI KOHEUHOCTeH. B xone
UCCJIEJIOBaHUH OH OOHApyXHJ, YTO MOXKET CO3/aTh
OCTEOTOMMIO B JJIMHHOM KOCTH, OTBJI€Yb KOHIIBI
(hukcaTopoM U cOPMHPOBATH HOBYIO KOCTHYIO TKaHBb
B MEJJIEHHO PacIIUPSIOUIECS TUCTPAKLIMOHHOMN LIENH.
Co3naHue TPaBWIBHOW CpeAbl M TEXHHWKU AT TOTO,
YTOOBI 3TO IPOUCXOIMIIO HAZIEKHO M BOCTIPOM3BOANMO,
3aHSUI0 TOABI KPUTHYECKHX 3KCICPHUMEHTANBHBIX H
KIIMHUYECKHUX UCCIIEJOBAaHHH.

IIpome roBops, ecnu ONpeAeNeHHbIM 00pazoM
pacTAruBaTh TKaHU, OHU YAJUHSIIOTCA WU pacTyT 0e3
HE0OX0ANMOCTH TepecaaKH. Oror  mporuecc
THUCTUOTEHE3a NUCTPAKIMU 3aBUCUT OT aJEKBAaTHOU
BaCKyJISIpU3aliK ¥ (YHKIIHOHAIBHOTO HCIIOIb30BAHUS
KOHEYHOCTH. OTO SBHBIM OTXOX OT NPEKHHUX
NPEACTaBICHUH 00 yIIMHEHWHM ¥ KOPPEKIUHU
nedopmanuii  KoHeyHocTed. Korma 3TOT NpHHIMIT
UCTIONB3YeTC B COYETAaHHM C  LUPKYJISPHBIM
HapyXHbIM (ukcatopoM MimusapoBa B mNpaBHUIBHO
CINIAHUPOBAHHOH W yNpaBIIeMOH  XHUPYpPIHH,
BO3MOXKHOCTH JIJIsl yIIPaBJICHUs MpodIeMaMu KOCcTel U
MATKUX TKAaHEH KpailHMX KOHEYHOCTEHW OrpoMHbL. B
Coserckom Coroze merox MimmsapoBa mo cymecTBy
ABJISIETCS  OOJACThIO  MEAMIMHBI, MapajuIeIbHON
3amnagHoi opToneany, HO OTIIMYHOI OT Hee.

Jonroe Bpems HMinuzapoB crankuBaics co
CKENTUIIN3MOM, CONPOTHUBICHUEM M IOIUTHYCCKUIMH
UHTPUTAMH co CTOPOHEI MEIUIMHCKOTO
ucrebaumMenTa  MOCKBBI,  KOTOPBI  IIBITaJCS
ONOPOYHTH €ro, HasbiBas «mapiataHom». OJHaKo
HEYKJIOHHO  pacTylass  CTaTUCTHKA  YCIIEIIHOTO
Jie4eHus: OOJIbHBIX NpHUBENa K POCTY H3BECTHOCTH
Nnuzaposa no Bceit ctpane. OH cTal U3BECTEH Cpelu
nanueHToB kak «Mar u3 Kyprana». B 1968 rony I'.A.
Wnu3apoB 3amuTHI JOKTOPCKYIO THCCEPTAIUIO B T.
Ilep™Mb 1 OBIT yIOCTOEH 3BaHUS TOKTOPA HAyK B 00X0J
CTeTeH! KaHIuAaTa HayK, K KOTOPOH IMepBOHAYAIBHO
TOTOBWJIACh AUCCEPTALIHS.

[popeie mpomsomen B 1968 romy, korma
WmmzapoB  ycmemHo — mpoorepupoBan  Bamepus
Hukonaesuua bpymens, onMMIHUHACKOrO 4YeMIHOHA
1964 roma W MHOTOJIETHETO PEKOPICMEHa MHpa B
NPBDKKaX B  BBICOTY CPEAM MYXKYHMH, KOTOPBI
MOBpEAWT TPaByl0 HOTY B pe3ylbTaTe aBapuM Ha
Motorukie. o npuxona k Mnuzapory B.H. bpymens
OKOJIO TpeX JIeT Oe3yCIeIIHO JICUYMIICS B Pa3IMIHBIX
KJIMHUKax M TIePeHeC CeMb WHBa3MBHBIX U 25
HEMHBA3MBHBIX OIEPAITHii.

[IpoTHBOCTOSIHIE MOCKOBCKOT'O MEIHIIMHCKOTO
UCTEOIMIIMEHTA MPOJIOKANIOCH 10 MOCIEIHHUX JIET
»u3Hn Unmszaposa. Eme B 1991 roay, Bcero 3a roa 1o
cBoei cMepTH, Wnusapos Ob11 n3dpaH
NEHCTBUTEIBLHBIM WIEHOM Poccuiickod akaaeMuH
HayK. HecMOTpsi Ha MHOrOYMCIICHHBIE Harpajpl M
MHPOBOE NIPU3HAHUE, OH HE OBUT M30paH B AKaJIeMHUI0
Menunuackux Hayk CCCP.

Mexaynaponnoe mnpusHanue Hiamszaposa.
Meton, paspaboranusiii B 1951 romy mpodeccopom
Coserckoro  Coro3a I'aBpumiom  Mnu3apoBsiM,

NpencTaBisieT co0OW  HEOXKHMIAHHBIA MPOPHIB B
Je4eHUH OONBIINHCTBA MATOJOTHMYECKHX COCTOSHHUM
OTMOPHO-IBUTATEILHOTO aIapaTa MyTeM MPUMEHCHHUS
CIIOKHOTO ~ BHENIHero  (Qukcaropa,  CO3JaHUS
OCTEOTOMHMH M TIOCTEIIEHHOTO M KOHTPOJIUPYEMOTO
MaHUIYJIMPOBaHUS  KOHCTPYKIMEH ¢ LeNblo
(hopMHpOBaHHS HOBOU TKaHH.

Haunbornee 3amMerHoe IpUMEHEHHE armapaTa
WnuzapoBa — HEpaBeHCTBO [JIMHBI KOHEYHOCTEH,
TaKXKe HCIONB3YeTCs JUId JICUYCHUS IepeIIOMOB,
HECpAaIlleHWH, apTPUTOB M  MHOTOIUIOCKOCTHBIX
nedopManuii  KOHEYHOCTeW. B  3amagHoM  Mupe
YIOpaBICHHE OSTUMH COCTOSHHSMH  TPaJHIHOHHO
OMHUPANOCh HA OPHHIMIBI U METOJBI, KOTOPBIC BO
MHOTHX CITy4asX CHJIbHO OTIHYAIUCH OT TeX, KOTOPbIC
orcrauBan Wnuszapos [13].

HapyxHas Qukcauust Iisi JIeUYSHHUs MEPEIOMOB,
OCJIOXKHCHHBIX ~ 3HAYHMTEIBHOH TPaBMOH  MSATKUX
TKaHe#, Bocxoaut K [mmmokpary. B 1905 romy A.
Codivilla u3 bonoubu ony6HKOBaia MepBbIi 0TYET 00

XUPYPIrHYECKOM  Y/UIMHEHHH  KOHEYHOCTEH B
anrnuiickoit nuteparype [8]. C Tex mop, wu3-3a
OTPAaHWYEHHBIX YCHEXOB W  BBICOKOM  YaCTOTHI
OCJIO)KHEHHUH, OBUIO MHOTO TONBITOK YJIYYIIHTh

METOABI ¥ yCTpOoiicTBa U1 yAJIUHEeHUS KoHeuHocTeill. C
Havana 1970-x romoB Mmeton Baruepa cram camoit
HOILYJISIPHOM NPOLENYPOH yIIIMHEHHsI KOHEYHOCTEHN Ha
3amage. B 1963 roxy npodeccop Xaiini Baruep us
Samagnoit ['epmanuu pa3paboTan OJHOCTOPOHHHI
BHEIIHUH (PUKCATOp, COCTOSIIUN W3 ABYX OONBITHX
pe3pboBbix mTUGTOB (5 MM B AMaMeTpe), KOTOpPbIC
BCTaBJIAIOTCS MIEPIICHAUKYIIIPHO KaK B
MPOKCUMAITBHBIN, TAK U B ITUCTAIBHBIH KOHIBI KOCTH
[17]. 1ltudTtel coeAMHEHBI C TEIECKOMUYECKHM
HIPSAMOYTONBHBIM cTepkHEeM. OTKpBITas OCTEOTOMHS
BBITOJIHACTCS OCUUIUIMPYIOLEH CHWJIOBOM IWION WK
COCIMHEHHEM HECKOJIBKHX CBEpJI C OCTEOTOMOM.
Octeotomust cpa3y otaensiercd Ha 1 ¢cM U yCTpOHCTBO
¢ukcupyercs. Ha cruenyrommii geHb ©W  KaKIbId
MOCIENYIONINA JeHb pydka B KOHIE YCTpOWCTBA
ITOBOPAaYMBACTCS Ha OJIMH TOJHEIH 000poT, co3maBas 1

MM JAUCTPAKINH KOCTHBIX CETMECHTOB. H3-3a
HCZ[OCTaTO‘IHOﬁ MNPOYHOCTH u YCTOﬁqHBOCTH
KOHCOJIbHOI CHUCTEMBI BE€C IIOAIIUITHHUKA HC

nomyckaercsi. Korga »xemaemast JuiMHA JOCTHTHYTA,
JUTSL TIOKPBITUSL M KOCTHOM MJIACTHKH Y UTMHSIOIIErOCs
NPOMEXyTKa TpedyeTcs BTOPOM aHECTeTHK. OJTO
JlemaeTcsl yepe3 JUIMHHBIA paspe3. Bec mommmmHuKa
MO-TIPeXKHEMY He JiomycKaeTcs. TpeTuil aHecTeTHK
He00X0INM, 4TOOBI YJIAIUTh anmnaparypy, Korja KocTh
yKe TBepaas.

K ocHOBHBIM HemocTaTkam MeTona Barnepa
MOXKHO OTHECTH HEOOXOIMMOCTh TPEX aHECTETHKOB,
HECKOJIbKO MECSLIEB HEBECOMOCTH, COIYTCTBYIOLIYIO
OCTEONIEHUIO  BCEH  KOHEYHOCTM M  JJIMHHBIE
HENpUIIsIHbIE pambl [16]. B Ka1oM KIHHAYECKOM
o030pe yuMHEHHS KOHeuHocTell Barmepa wacrtora
OCJIOKHEHHH Takke OblIa BBICOKOH, a CIIOCOOHOCTh
JIOCTAYB KEIAEMOTO KOJIMYECTBA Y ITTHHEHHS — HU3KOM.
Tem He menee, Meron Barnepa ObuT Jydie CBOMX
npeaiecTBeHHUKOB IlosiBuBmIecs B Hadase 1980-x
TOJIOB COOOIIEHHST O BeChbMa YCIEIIHOM COBETCKOM



14 East European Scientific Journal #4(68), 2021

METOJIe Y/UIMHEHUS] KOHEYHOCTeH 0e3 OCIO0XKHEHHH
BCTPETHJIM Ha 3amajae HEeKOTOophli ckentunusm. Eme
TpyznHee ObUIO TUPUHATH TOT (aKT, 4TO OH ObUI
paspaboran B 1951 rony, 3a 20 net 1o metona Baruepa.

B 3amagHOll mpecce MOABUINCH pa3pO3HEHHBIE
cooOmeHnss 00 ycmemHoM JiedeHuH bpymens
WmnzaposbiM. [IepBbIM MHOCTpPAaHHBIM METHIMHCKAM
noceTuTeNeM 6bUT TOKTOp Moxammec XemmmHrep u3
osBrrert  I'JIP  (IepmaHckas  meMOKpaTHUecKas
Pecniybnmka), MenumuHcKas akagemus OpdypTra B
1970 r. O cnmenan nepByo IMyONIUKALIUIO B 3aIlaTHOM
MEIHITUHCKOM XypHaie o Meroae Mnmsaposa. B 1980
rogy, B 3MOXy XonoaHoi BoiHbl, Kapio Maypu,
UTANBSHCKUHA  aJbIMHUCT, HCCleioBaTeNb U
(hOTOXKYpHAITUCT, IO HACTOSIHUIO CBOETO POCCHHCKOTO
kotern HOpust CenkeBuua, e3nun B Kypran, B
Coserckuii Coro3. OH JOJDKEH OBUT JIEYMTBCS Y
WmnzapoBa oT mepenoma 0oibplIe6epmoBOil KOCTH,
KOTOPBIH HEIMpPaBWIIBHO 3aXKWJI II0CIE HECYaCTHOTO
ciyyass Ha JIbDKax JecATh JIeT Hazax. MrambsHckne
Bpadd [JaBHO OCTAaBWJINM HAJISKAy Ha Kaxkoe-mmbo
XUPYPTrHUYECKOE yIydIIeHHEe HOTH. MIM3apoB OTBIICK
3acTHIBILEE HECPALIEHUE B OOJIbIIEOEpIIOBOM KOCTH Ha
2 CcM, M3JICYUB IICEBIAPTPO3, UCIPABWII 3KBHHYCHYIO
JneopManuio TUCTPAKIHEH U YUIMHUI HOTY. B cBOIO
ouepenb, K. Maypu oxpectun  Mmmzaposa
«Mukenangxeno opronenuw». [lo Bo3BpalieHun B
Wranuto ucuenenue Horu Maypu nopasuiio Xupypros-
opronenoB. Ilocne 3Toro AuTOHNO bhsiHKH-Malokku
u PobGepro Karraneo mnpurmacunmm Wimmzaposa
BBICTYIIUTh B KAa4ECTBE MPUTIALICHHOTO NOKJIAJUHKa
Ha KoH(pepernmuu AO HWramus B 1981 romy B
bemnamxuo. Tak, Mnu3apoB nmpoyuTan TpH JIEKIIUU Ha
koHpepeHnusax Oomee dyem 200 ydacTHHKaM U3
Wranun, @pannnn, [Beifnapun, ABcTpun u
I'epmanun. B koHue nexumid MnuzapoB 3acimyxui
JECITUMUHYTHYIO OBalMI0. JTO OBLT TNEpBBIH pas,
Korja MnuzapoB BeICTynHII 3a Ipeaenamu JKenesHoro
3aHaBeca.

B 1982 romy B Uramuu Obula oOpazoBaHa
Acconpanys 1Mo W3y4eHUIO W NPUMEHEHHI0 METOHOB
Wmzaposa (ACAMU). B 1983 romy kommaHwms
Medicalplastic, npunamnexamass Bianchi-Maiocchi,
JWILEH3UpOBaJla TEXHWKY Yy COBETCKHX BIIAcTei,
3apeructpupoBana ToBapHbed 3HaK ILIZAROV wu
Hayajla [pPOM3BOAWNTH W  TPOAABaTh  ammapar
Wnuzaposa. B nocnenyroniue roast meton Mnuzaposa
OBICTPO  pacmpoCTpaHWiICS TO OOJbllleld dYacTh
3amagnoit Esponsi. ACAMMU oprannzoBana Kypchl B
Wranuu, Ilopryramum, IlBelunapuu, ®pannuuy,
Wcnanuu, I'penuun, bpasmwmu u  CoeauHEHHBIX
Mrarax. I'pynmer ACAMU 6putn chopMHPOBaHBI BO

Opannuu, MWenanuum, bensruu, Ilopryramum wu
Bpazunun.

B 1986-1987 rr. merox ObIT TpUBE3EH B
CesepHyro  Amepuky  Buxtopom  ®peHnkenewm,

npe3ueHTOM bobpHuUIEI 60Je3HeH cycTaBoB, JIpopomM
Meiinmu, Ansdpenom JI. I'pantom u Crioaptom
I'punom, xotopeie B 1992 romy oTpemakTHpoBanu
MEepBBI AHIVIMHCKUNA mepeBol KHUru HMiuzaposa.
Boree 300 amepukaHCKHX XHPYPTrOB-OPTOIICAOB
MIPUHSUT y9acTHE B MEXIYHapOJHOM CHMIIO3MyME,
opraumsoBanHoM B 1987 roay B Heo-Hopke
BonbHuIei 6ose3Hel cycTaBoB U Kommanuei Smith &
Nephew n nst mpocnymuBanus nekuuii Mimsaposa.
Kommnanus Smith & Nephew nauana pacnpocTpaneHue
BHemHero ¢ukcatopa Wnmzaposa B CILA u o Bcemy
mupy [2].

B 1989 romy Hdutmap Bonbrep opranusopan B
Tam6ypre Unmzaposckyto koHpepernnto. B 1990 romxy
WmmzapoB mpuexad Ha BTOPYIO KOH(EPEHIMIO B
TamOypr, rae cran oqHM U3 ocHOBaTenei Hemenkoro
obiecTBa Wnuzaposa (Deutsche Ilisarow-
Gesellschaft). Bonpauma Hemenkoi#t —accormamun
MIPEAOTBPALICHIUSI HECUACTHBIX CIIy9aeB M CTPAXOBaHUS
(Berufsgenossenschaftliches Unfallkrankenhaus,
BGUK) B BoGepre, ['amOypr, cTana KpymHBIM HEHTPOM
B ['epmaHuM, NPUMEHSAIOMIMM M I[POABHUIAIOIINM
Metoauky MnmsapoBa. Ilocemenne Kypranckoro
LEeHTpa u3ydeHHs Meroxa HMmusaposa  crano
00s13aTeNIbHBIM ISl BCEX CTapIIKX Bpayei OOIbHUIIBI.

Koncrpykuusi annapara Uiauszaposa. Annapar
WnnzapoBa (puc. 1), Bkirouaer B cebs KpPyroBoi
Hapy>XHBIH (UKCATOpP, COCTOUT M3 TOHKHX IIPOBOJIOK
(mmamerpom 1,5 mm u 1,8 MM), IpOCBEpICHHBIX Yepe3
KOCTb YPECKOCTHBIN U 3aKPEIUICHHBIX ¢ 000MX KOHIIOB
0oJiTaMu 1 raiikamu 1oJ| BEICOKMM HaTspkeHueM (ot 90
no 130 kr) k kosbllaM W3 HepkaBeromied cramu. Ot
JBYX JI0O YeThIpeX IMPOBOJOB M OT OJHOrO JIO JBYX
KoJiell TpeOyIoTCs Kak IpOKCHMallbHBIE, TaK |
JHMCTalbHbIE K MECTY YJJIMHEHHs WK AedOopMaliH.

KOHBHa COCOAVHCHBI TpeMs nJm YCTBIPbMS
PACIIOJIOKEHHBIMU  II0  OKPYKHOCTH peSL6OBBIMI/I
CTCPIKHAMMU. HOBOpa‘II/IBaﬂ raikg Ha CTCPIKHAX,
KOJIbIIa (I/I, CJICJOBATCJIIbHO, KOCTHBIC CeFMeHTLI)

oTBIeKarOTCA. Vcronbp30BaHUE KOJEN U CKPEIIEHHBIX
MPOBOJIOK, & HE OJHOCTOPOHHETO CTEPXKHSI U
MOTYIITH(TOB, JaeT yCTPOWCTBY JyYIIMH KOHTPOJIb
KOCTHBIX CEIMEHTOB BO BCEX INIOCKOCTSIX. DTO BaXXKHO
U1 obecriedyeHns] BO3MOXKHOCTH OIIOPHI Ha BEC BO
BpeMsl yUIMHEHHUS KOHEYHOCTE!. [laHHas 0COOEHHOCTh
MO3BOJISIET KOPPEKTUPOBATh Jpyrue aedopMaiuu ¢
OJTHOBPEMEHHBIM YIJIMHEHHEM KOHEYHOCTeH Wi 0e3
HETO.
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Puc. 1. Annapam Hnuzaposa
A) @emopanvhsiii u OobULEOEPYOBDILL KAPKACHL HA MeCme NPU 8bINOIHEHUU MPeXyPOBHEEOU 0OHOBPEMEHHOU
Koppexyuu oegpopmayuu;
b) Buonut nebonvuue pazpesvt 0isi KOPMUKOMOMUU,
C) Penmeenozpagpuueckoe nosenenue 6o epems ¢pazol netimpanuzayuu [13]

OOHOCTOpOHHNE BHEUTHHE (UKCATOPBI MOTYT
MIPOCTO yJIeP)KUBATh KOCTH HAa MECTE WIH BBINOIHAThH
OJTHOTJIOCKOCTHO® YIUIMHEHHE. dakTuueckoe
pasMerieHue mpoBooB Mim3apoBa W KOHCTPYKIHS

Kapkaca OIpeNeNatoTCs UHUBUAYaIbHBIMU
norpedHOCTsIMHU nanyeHTa. Anmnapar Mnuszaposa — 3to,
0 CYTH, «XUPYPTHUECKHH 3peKTop» ¢ MOYTH

HEOTpaHMYCHHBIM KOJINYECTBOM BO3MOJKHBIX
BapUaHTOB pACIIOJIOXKEHUS KOMIOHEHTOB. BaxHoit
KOHCTPYKTHBHOW 0cOOEHHOCTBIO anmapaTa Vnnzaposa
U  TPUYMHOM  KOPPEKIHHM  MHOTOIUIOCKOCTHBIX
nedopmanmii siBrsietcs wapHup (puc. 2) — 0ck, BOKPYT
KOTOPOH B OJHON IUIOCKOCTH MOTYT BpalllaThCs JIBE
MIOJIBUKHBIE 4acTu. Cy1mecTByIoT TaKxKe
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YHUBEPCAJbHBIE I[IAPHHUPBI, KOTOPHIE IO3BOJISIOT
MepeMEeNIaThCs MEKIY JIETAIIMU OoJiee YeM B OJHOU
wiockoctd.  IIlapHUpBI  TMPOCTO  CHAENAHBI U3
KOMITOHEHTOB MITH3apoBa U MPUKPEIIEHBI K KOJIbIIaM
matyHamu. CrienuanbHble TMPOBOJA, HAa3bIBAEMBIE

OJINBKOBBIMU MIPOBOJaMH, HCIIOJIL3YIOTCS B
ONpeeNIeHHbIX MECTax, KOrJa HCIOJIb3YIOTCS METIIH.
Merannudeckuil mapuK Ha MPOBOJIOKE ONMUpaeTcs Ha
KOpY TOJIOBHOTO MO3ra, 4TOOBI TPEIOTBPATHTH
HEKOHTPOJIMPYEMOE CKOJIbXKEHHE KOCTH 110 MPOBOJIOKE.

”~
L

¢
.
.
|
|
|

Puc. 2.
A) IIpocmotui waprup, yeHMmpuposarHsitli HAO GbINYKIOLU KOPOU HA YPOBHE Y2080l 0epopmayuu.
IIposooda u konvya pacnonodicervt NEPReHOUKYIAPHO KAHCOOMY Ce2Menmy KOCHU.
B) Hocne kopmuxomomuu oucmpakyus 6oenymoii kopsi npoucxooum ua 0,25 ymm xascovie 6 uacos.
IIposooda u xonvya 0H6ouUx cecmennos napaiieiblvl npu 3asepuienuu koppekyuu degpopmayuu [13]

Bo Bpemsi koppekuuu aedopmanuu - IyTeM
TIIATEILHOTO pasMEIeHHs I[ApHUPOB H  JPYTUX
KOMIIOHCHTOB MOXHO O}IHOBpeMeHHO C y}IJ'II/IHeHI/IeM
WM TIOCJICI0BATEILHO UCTIPABUTh MHOTOIIOCKOCTHBIE
nedopManny, He BO3BpaIIasch B pabodee IIOMEIICHHE
" He nobaniss mpoBoiok. B Coerckom Corose ObLIO
MIPOBEACHO OKOJIO 1 MHJUTHOHA TPOLeAyp. DTH HU(PHI
BKITIOYAIOT B ce0sl YITMHEHNE KOHEYHOCTEH, a TaKKe
BCe Jpyrue TpuiioxkeHus. [lomydeHHBIE pe3yibTaThl
BIEYAT/IIOT. YBEIHYEHHE UIMHBI KOHEYHOCTEH
JOCTUTACTCSA C MEHBIIUM KOJIMYCCTBOM OCJIO)I(HeHﬂﬁ,
yeM TOpd  MeToAe  Barmepa, u  Oosbliei
YHHUBEPCAIBHOCTBIO JIJIs KOppeKuun apyrux Gpopm. He
CTOWUT OTPHIIATh, YTO OCJIOKHEHHUS BO3ZHUKAIOT W TIPU
Metone MnuzapoBa, HO dYacToTa W TSKECTh UX
BO3HHKHOBEHUS 3HAYUTEIHHO HIDKE.

PeabuauranmuonHbie aCIeKThbl MeTojaa.
T.A. Wnuzapos JaBHO 0CO3HAaJI Ba)XKHOCTh
peabwiuranmu UL ycrexa cBoero weroaa. Ero
HCCIICIIOBAHUS TI0KA3aJH, YTO MEPEHOCUMOCTh Beca U
(hM3MOTIOTHYECKOE UCIIONBF30BaHHE KOHEYHOCTH BO
BpeMS JICUCHHUSI UMEIOT BAXKHOE 3HAUSHHE JJIs1 KaueCTBa
U CKOpocTH  oOpa3oBaHWsl  HOBBIX KOCTEH,
MPEeIOTBPAIICHHS] OCTEOIIEHUH BO BCE KOHEUHOCTH U
noaepkaHust QyHKIIMOHAIBHON IEJOCTHOCTH MSTKHX
TKaHEH.

Msrkue TKaHd, KaK ¥ KOCThb, TOJBEPTAIOTCS
VAJMHCHUIO B pe3yjbTaTe  JAUCTPAKIMOHHOIO

rucTuoresesa. TOJNBKO KOCTh IKECTKO (DUKCHPYETCs
ycTpoiicTBaMu BHemnHed (ukcaruu. MSrkue TKaHd
CBOGOJIHO MPOHU3BIBAIOTCA U IPU YJIMHCHUU3ABUCAT
OT CBOHUX KOCTHBIX HpI/IerHHeHI/Iﬁ I KECTKOIro
KOHTpoJNs. M3-3a acCHMMETPUYHOTO PACIOJIOXKCHUS
MBIIII[ BOKPYT M MONEPEK CYCTaBOB UCTPAKIIHS-
MPUBOJIUT K KOHTPAKTYPaM CYCTaBOB U OTPAHHUYCHHUIO
JIBIDKCHHUSI CYCTaBOB, & TaKXKe MOXET MPHUBECTH K
noJBeIBMXY Wi BbiBUXY cycraBa [10]. K cuacTteto,
9THX TOpOoOJIeM MOXHO U30eXaTh WIH CBECTH K
MUHUMYMY myTeEM TIIATCIJIIBHOT'O BHUMAaHUA K
peabunuraruu. XoTs Wiau3apoB cooOm@aer o O4YeHb
HU3KOM wactoTe Oosieit BO Bpems yanumHenus [18],
OIBIT Ha 3amaje MOoKa3bIBaeT, YTO MAIMEHTHl 4acTo
HMEIOT XPOHHUYECKYIO, TYIYIO, HOIUIyI0 00Jib BO
BpeMsi JIMCTPAKIIMOHHOM (a3bl yaauHeHns, 0COOEHHO
npu Oojee JnMMHHBIX ymiuHeHusx [14]. Bonb
YCHIIMBAETCS BO BpeMs (pH3HOTEepanuu, npu Xoap0e u
HOYBI0. Inmnu3apoB cumTaet, 94To 00JIb BO3HUKACT HU3-32
HENPAaBWIILHOTO TPHMEHCHHs MpuOopa WM H3-3a
WHQPEKIUH KEITyI0YHO-KHUIIEYHOro TpakTa. Kakoe-To
noBezieHre 6o siBisieTcs (Gpu3nosorueit, a Kakoe-To
nzyuaercs. [Jaxe ceroans B Kyprane HapKOTHKH, Kak
u acrupud, B Aedumure. JKamoba Ha Ooiap Malo
MOMOXKeT ee pasperrenuto [9; 13].

OtkpoiTue Hentpa Wnuzaposa. B 1971 romy
6b11 coznan Kypranckuit Hay4uno-uccnenoBarenbckuit
WHCTHTYT OSKCIICPUMCHTAJIBHON W  KIMHHYCCKOU
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opronenun u TtpaBmatojoruu (KHHUUSKOT). B
LEHTpe NPUMEHSIETCS METOJ YPECKOCTHOTO
ocreocHHTe3a N0 Mnu3apoBy Juisi YIJIMHEHHS WU
nu3MeHeHus1 GopMBI KocTell KoHewHocTeil. MnmuzapoB
BO3MIaBISLT 3TOT meHTp 10 1991 roma. Mmes okoio
1000 xoek, 24 onepaumoHHbIX M 168 paGorarommx
Bpauel, LleHTp cram kpymnHeumenl opToneaudecKoi
KJIMHUKOM B Mupe. [lociie cMepTH BeNMKOTo Xupypra-
opromiena IEHTp OBLI MeperMeHoBaH B Poccuiickuit
HAYYHBIA [EHTP BOCCTAHOBHUTEIFHOW TPAaBMATOJIOTHH
u oprorequu uM. Mmmzaposa (PUHIL PTO).

3a 40 ner pabotsl Wnm3apoB M €ro KIMHHUKO-
Hay4dHblEe COTPYAHUKH omyOnukoBanu Oosee 2000
cTaTell 1o TeMaM, HauWHas OT OMOJIOTHH THMCTOreHe3a
JUCTPAKIMM W 3aKaH4YMBas 0030paMU KIMHUYECKUX
pe3yNbTaToB M TEXHUYECKHMMH  COOOpaKEHUSIMU
metonuku. CeroJHs B LITaTe LEHTpa padoTaloT IECATh
mpodeccopoB, 34 nokrtopa Hayk m 193 kaHmumara
Hayk. LleHTp BKIIOWaeT B ceOst aMOynaTtopuio, TIe
©XKCIHEBHO KOHCYIbTHpYIOTCS 250  mamueHTos,
oompHuIly Ha 800 Kkoek, DAKCIEpHMEHTAIbHOE
OTJCNICHNEe W XHUPYPTHIO J>KUBOTHBIX. Kaxmerid ron
6omee 9000 genoBek nmpoxozst nedenue B PUHIL] PTO.

JInyHoe 3HaKOMCTBO aBTOpa ¢ Mim3apoBbIM.
Bynyuu crapmum HaydHeIM coTpyaHuKoM Ilentpa
ObITOBOrO TpaBMaTH3Ma LIEHTpalbHOrO HMHCTHTYTa
TpaBmatojoruu u oproneauu umenu H.H. IIpuoposa B
1980 r, s ObuUI HampaBieH Ha YETHIPEXMECIYHYIO
CTaXXMPOBKY B Kypranckuii Hay4HO-
WCCIICIOBATeIbCKIUA ~ MHCTUTYT  KIMHHYECKOH U
SKCIICPUMCHTAIBHON TPABMATOJIIOTHH ¥ OPTOICIHH,
rae ObUIM OpraHW30BaHBl Kypchl Ha Kadempe
YCOBEPIICHCTBOBAHMS Bpadeil IO  HIHN3apOBCKOU
CUCTEME JICUSHHS TIepeIOMOB U Jeopmaruii. JlaHHbIi
MepHo/l CTal 3HAYMMBIM OTallOM B MOEH JKH3HH,
MOCKOJIBKY IIO3KE MEHs Mpurijacwid B Typuuio
(Tpa63on. Kadenpa TpaBmaronoruu U OpTONEAUU
MeauuHCcKoro ¢axyibreTa YepHOMOPCKOTO
TEXHOJIOTHYECKOTO YHUBEPCHUTETA) JJIs BHEIPEHHUS
cucrtembl Mimsaposa. [leno B ToM, uro Typuus
nproOpena JWIIEH3WI0 HAa W3TOTOBJICHHS ammapara
WnmzapoBa w mpopaBajla MX BO MHOTHE CTpPaHBI
Adpuxu. luzaite annapara 601 mydine, gem B CCCP,
a HaTATUBaTeNlb CIHI OHH CKOHCTPYHPOBAIH
TEXHOJIOTHYECKH yOOoOHBIM B 3KcioryaTanuu. K
3aHATHSIM W TI0Ka3aTeNIbHBIM  ONEpalusM  II0
NnuzapoBy TypelKue KOJUIETH TPOSBUIN OOJBIION
MHTEpEC M WIM3aPOBCKUE METOJAMKH mpuodpenu B
Typuun OOJBLIYIO HOMYJISIPHOCTh, XOTS UX MEIUIIMHA
JTaBHO OPHEHTHPOBAaHA Ha HEMEIIKYIO.

W3 nmuunbix BocniomuHanuii: B Kypeane ¢ ympa
nNpoxXoounyu  UHMEHCUBHble — Mmeopemuyeckue U
npakmuyeckue 3awsmusi. B nepevie oice OHu s
nonvimancs saumu xk camomy I.A. Hnuzaposy, mHo
neped e2o0 KaOUHemoM exceOHeBHO Obll0 OYeHb
bonvbuoe YUCIO NAYUEHMO8 U3 PA3HBIX PeCcnyOIuK
Cogemckoeo Cow3sa u Oadce Opysux cmpauw mupad.
Boicmoams 3my ouepedsb He NpeOCmMasnandct MHe
B03MOJCHLIM, — nponyckasa — sauwamusa.  I[losmomy
00HadCObL 1 nepedan 3anucky cekpemapuie I.A.
Hnuzaposa o ceoem dcenanuu 8Cmpemumscs ¢ HUM.

Bckope s Ovin npuenawen na eécmpeuy 6 xabumnem
nezendapuoeo I'aspuuna Abpamosuua.

Bonee waca mpomomxanack BcTpeua. Mmusapos
6J1arogapHO BCIIOMHMJI MOIO CTaThlO O JUCTPAaKIHU B
XUPYpPrUU KHUCTH, cCKas3aB: «S eme 100 KHUCTH He
nobpancs». Y3HaB, uro s u3 J[larectana, ['aBpuun
AOpaMOBHY 3aMHTEPECOBAJICS BCEM, UTO IIPOUCXOINT B
Harecrane. ['oBopmi, 9T0 «OH CMOXeET 0e3 €IWHOTO
pyOist m3 Oromxera JlarecraHa mMOCTPOUTh Ha Oepery
Kacnus Llentp TpaBMaTonoruu 1 OpToneuu AJis BCEro
Cesepaoro Kaskasza, eciii Boxenaet Jlarectan, noo x
HEMy C OYCHb OONBIINM TIOYTCHHEM OTHOCSTCS
npeacenarens mpasutenscTBa CoBerckoro Corosa
Hukonait UBanoBuu PwixkoB». B TOT )€ aenp [.A.
Wnu3apoB oTnpaBuil 3aka3Hoe MUCBMO MaromenoBy
M.M. — npencenarento ['occoBera Jlarectana, HO s He
ynoctouics orsera. [IoBTOpHO U3 MOCKBBI OTIpaBUI
TaKoe e MICHMO B CHOBA CTPAaHHOE MOJTYaHHE. . .

B 3aBepiuenue Toil Becrpeuu g noxapui ['aBpumnny
AOpaMOBHYY YEpHWIBHBIH HAa0Op YHIIYKYJIBCKOTO
MPOU3BOJICTBA, YEMY OH O4YEHb O0pajoBayicsi. A OH
momapui MHE (oTorpaduio ¢ Haamuceio: «PomHOMY
Harecrany u 3amMe4aTeIbHOMY MHOTOHAIIMOHATIHHOMY
HApPOJy CTPAHBI T'OP C JIOOOBBIO M C CAMBIMHE JOOPBIMU
noxxenanuamu». Ilosxe, mpu Berpeue B Mockse,
I'aBpunn AGpaMoBHY cripocus MeHs: «MHe BBIIETIIN
mTaThl. A HE XOUellb JI1 oexaTh co MHOW B Kypran
3aBeJIOBaTh HOBBIM oOTAesneHueM?». S GmaromapHO
OOHSJI BENMKOrO 3eMisika W octaincs paborarh B
OUTO, nbo momkeH OBLT IyMaTh HE TOJNBKO O cede, HO
U O ceMbe: XeHe-mpodeccope METUHCTUTYTAa H O

JOYKE-CTyICHTKE MEIWHCTHTYTA. He JIETKO
MIPUBEIYHOE MEHSTH HAa HEU3BECTHOE.

Ha wmoit B3rnsa, otkpeiTHe «buonornueckuit
¢denomen  (3ddext) MmuzapoBay  3aciayKHBaeT

HoGeneBckoil mpemuu, OAHAKO KOMMYHHCTHYECKas
UICONIOTHST OMMOOYHO cuuTana, uto JleHmHCKas
npemust (Mnu3zapos ObL1 yj0cTOCH 3TO# npemun B 1978
T.), IpecTuxkHee Jr00H (B ToM uncie u HobeneBckoil)
«KaluTaMCTUYECKOW» mpemuu. JlaHHBIM mnocTynar
TOTJIAIIHETO BPEMEHHM IOMEIal OBITh JIaypeaToM
HobeneBckoii npeMun ¥ TeHHANBHOMY KOHCTPYKTOPY
KocMHuUYecknx  kopabmeit  Ceprero  [laBmoBuuy
KoponeBy, uemocTb KOTOpOro ObuIa CIIOMaHa caroromM
HaJ3upaTelast BO BPEMS PENpeccHd, TIIyMJICHHS |
M30MECHHsI €ro B 3acTeHKax cranmHckoro ['YJIAT a.
IIpuckopOHO, KOTAA MOTUTHKH, JUKTATOPHI KYPHPYIOT
HAyKy ¥ KOMaHIyIOT HaJl yYCHBIMH.

AccuctupoBath Ha omepanuu [.A. WMnuzapoBy
rmo0anBaMCh MHOTHE KoJuieru, nbo Obuia y ['aBpunna
AOpamMOBHYa TIPHBBIYKA PE3KO, TPOMKO H ITyOIHMIHO
BBIpaKaTh CBOE HEIOBONBCTBO. Ho s cam HaBs3amics
HEMY AacCHUCTHPOBaTh, U B MpPEJONEPAHOHHON BO
BpPEMsI MBIThS PYK, MOJIYIIYTs U MOIyCEPhEZHO CKa3all
emy: «laBpumn AOGpamoBuu! Mbl e 3eMISIKH U
MI03TOMY JOJDKHBI [IOKa3aTh BCEM KYJIBTYPY U JPYXOy
JareCTaHIEB; [I03TOMY HE CTOUT HaM JpYyr Ha Jpyra
pyratbest pu Ipyrux». KoHewdHo, 1 pucKoBal, HO OH
ObUT 4YeNOBEeK C IOMOPOM, IOHAJI MOKO XHTPOCTH,
yIBIOHYJICSI W MBI paboTalim  Bcerga  O4YEHb
KOJIJIETHAJIFHO BO BPEMsI OTIEPaIlHH.
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Croutr  cka3zate, omepupoBan  HMnmzapos
BUPTYO3HO M YpE3BbIYAHHO CMeJ0, HO 00xyMaHHO. Y
Hero ObUTO (haHTacTHUECKOE OOBEMHOE MBIIUICHHE U
IpeJCTaBICHUEe 0 X0A€ U ucxomax omepanuu. Ocobo
3allOMHUJTACh OJHA MeToauka. beima y I'aBpumna
AbpamoBuua HauBbIciIas (HaBsi3unBas) unes: «Iloka
JKUB, — pacCyJal OH, — 5 JOJDKEH ONpeNeIuTh
BO3MOXHOCTH U IIpenesbl Moel cuctemMbl». M mostomy
Wnm3zapos Opaics I1e9nTh CaMbIX CIOKHBIX MAI[IEHTOB
C CaMBIMH HEBEPOSTHBIMU AedopMalMsAMH. Y HEro
JEUYMUIICS Jake TIEHUAIbHBIM KOMIO3UTOp JMuTpuHii
[TocTakoBuy, KOTOPBIi Hanucal MIHCBEMO
I'enepansrOMy cekperapro LIK KIICC JI.U. bpexxueBy
o I'aBpuune Mnuzapose. 3ateM mocienoBall 3BOHOK
MuHHCcTpa 3apaBooxpaneHust CCCP, akanemuxa b.B.
[erposckoro. Ilocne aroro I'aBpumia AGpamoBuua
npurnacunn B LIUTO u yxe cam M.B. Boskos
BBIHYXJEH ObUI IyOJMYHO TIPEJOCTABUTH CIIOBO
Wnuzaposy ['.A. 11 BeicTymuieHus. bosbIioi akToBbIi
3am [HIUTO Obul mepenoiHEH W C BOCXUIICHHEM
CIIyIIANH KOJUIETH CTOJMIBI B TEYEHHE IBYX YacOB
BeicTymienuss [.A.  WMnmszapoBa ¢ moka3oMm
JUANO3UTHBOB PEHTT€HOBCKUX CHUMKOB MTALIUEHTOB 10
W Tocie JiedeHusl. OTO OBbUIO €ro HCTOPHUYECKUM
BBICTYTIJICHHEM.

I''A. Wnu3apoB He ObUI «JIETKMM» YEJIOBEKOM.
BooO1e, reHnanbHble 0N HE OBIBAIOT «yA00HBIMHY,
CIaKUMM M BcenpomaonmMu». OH yBOIWI Bpaua,
KOTOpBI CBOEH MaMe C IEpeIOMaMHU JIOJIBDKEK II0
JIEXKYpPCTBY HAJIOKWJ TUICOBYIO TOBSA3KY U OTITYCTHII
JoMo#. Hnu3apoB mNpaBOMOYHO CUMTAN, 4YTO JUIS
UCTIONb30BaHMS TPAJUIMOHHBIX CIIOCOOOB JICUCHUS
HY’)KHO pPaboTaTh HE B HAyYHO-HCCIIETOBATEIHCKOM
MHCTHUTYTE, & B TOPOJICKON OOJBHUIIE.

I''A. UnusapoB Hayan pa3pabaThiBaTh JICUCHHE
BPOXJIEHHOTO BBIBMXa Oeapa ¢ HCIIOJIb30BaHHEM
amnmapara CBOeH KOHCTPYKIMH. DTO OYEHb CIOXKHas
natosyorusi. Co MHoM Toraa B Kyprane craxkupoaics
U PYKOBOAWTENb JIETCKOTO U  TOAPOCTKOBOTO
orneneHust [oppkoBckoro (HeiHe- [IpuBOIDKCKHIT
®enepanbubil - Meauuunckuit  MccnegoBarenbckuit
Hentp (II®MHL) B Hmwkaem Hosropome) HaywHO-
UCCIIE0BATENbCKOIO HMHCTUTYTa TPaBMATOJIOTUM U
oproneaun A.A. AbakapoB (marecraner)). OH ObLI
NPU3HAHHBIM  CIELNUAIUCTOM  Cpelu  JETCKHX
opronenoB CoBectHoro Coroza. OH MOMHTEPECOBAJICS
Meronukod MnuzapoBa MO JIEUYEHUIO IALIMEHTOB C
BPOXIEHHBIMH BBIBUXaMu Oenpa. He cTany B getamix
OTIMCHIBATh 3Ty CIIOKHYIO METOAWKY, HO MOJYEPKHY,
yto [.A. Nnu3apoBy ynaBajioch MpH 3TOW MaTOJIOTHU
CO03/1aBaTh HOBYIO OTIOPY JJIsI MPOKCHMAIIEHOTO OT/eNa
Oempa, YUIMHWTH TaK HOTY TakK, YTO MAIMEHTHI
mepecraBaiM Xpomarb. Abakap AumeBHd ObUI B
BOCTOpre OT 3TOM MJEeH M TO03XKE caM YCHEUIHO U
HEpBBIM B CTpaHe HCIHONb30Bal MHOTHME UJAEU
T'aBpunna Nnusaposa.

Opnaxnel, xorma [.A. WmuzapoB mnposoaun
CIIUIYy B NIPOKCUMAaJIbHBIA OTHeN Oenmpa, oHa (CrmIa)
3actpsiia.  OOpaTuBIIMCH KO MHE, OH CIIPOCHIL:
«Maromen, rne Hama couma?». Hemomro mymas,
mpo3Bydan Mol orBer: «laBpumin AOpamoBuu!
KaxeTtcs, oHa 4yTouKy 3amyTajiach 110 JOpOTe U yIuia

K331 TOJIOBKH Oenpa; MepenpaBuTh Obl €€ Kiepeany.
Wnu3apos Tak u noctynui. Onepanys 3aBeplIniach
6narononydHo. Hamo 3HaTh, 4T0 HUKTO M HUKOT/A HE
CMeJl eMy BO3pPa3uTh, HO TyT OH CIIOKOMHO BBICITyIIIa
MEHS ¥ JjayKe 00JIaroapyi 1nocje onepamnuy.

Tenable BocnoMuHaHusi 00 HWMauzapoBe co
CTOpPOHBbI JApy3eil. Bemuxomy WnuzapoBy ToXe
MPUIIUIOCE  TPEOJIONIETh  OTPOMHEBIE  IPETISATCTBHA,
CIIO’)KHOCTH, TPYAHOCTH M Ja)Xe KOBApCTBa MpEXKIE,
yeM OH mnoiayumsn Bcecoro3noe u BcemupHoe
npu3BaHus. Hellpo(u3noIoru CYuTaroT, 9To «3aBUCTh
00JIe3HBIO0 MO3Tay, a B XPUCTHAHCTBE 3aBUCTh CIUTAIOT
«OJHUM U3 CeMH CMEPTHBIX rpexoB». K coxkaneHuto,
HayKa ¥ MeJIUIMHA TOXXe HE CBOOOIHBI OT 3aBHCTH,
MOJUIOCTH, JIXKU U laXKe KOBapCTBa.

Pacyn 'am3aroBuy u I'aBpuni AGpamoBuy ObLIH
B Oonbmoi npyxbe mexay coboil. CTHXoTBOpeHHE
Pacyna Tam3zaroBa, mnoceswmeHHble [aBpuniny
Wmm3apoBy, OBUIO OMyONMKOBaHO B TJIaBHOM Trasere
Coserckoro Coroza- «IIpaBnay».

Taspuun Unuzapos, uckycuulii 1yKmMan,

A npuedy 6 Kypean, no ne 6 cocmu,

A 3amem, umo6 n1066u, nocmpadasuiell om pax,

Tvl cpacmun nepebumule KOcmu.

Kmo yoayu mebe nooapun manucman,

Mnue eadame nuwis 0aémes ceobooa:

Mooicem, eopnviii ¥Ypan, moocem, naw Jlacecman,

TI'0e npunucan mot k neby om pooa?

Kax 6 6010 omcmynamo 3acmasnss neoye,

Ha neuanws 3apaboman met npaso,

Beowb uzneuusamo svisux oyuwiesnwvii, Moii opye,

Taoicenee, uem 6vigUX Cycmasa.

3naii, 6 cmyodenmor meou nepewén 6wt cam boe,

Ecnu 6 moi, ne ocanes ycunuil,

Csasb epemén, I aspuun, 6occmanagiueams moe,

Cno6Ho C8:3KU THOOCKUX CYXOAICUTUIL.

A 6 Kypean s npuedy, 308u He 308U,

U cxaocy: «Moé cepoye ymeutv mol,

Yenosek, npegenuroio cuotl 1oo6u

Bosepawaiowuii moosm nadesxicowvr» (1984 1.).

[Mucarens u akanemuk b.II. HyBaxoB B cBoei
kauTe 00 Mnm3apose numiet: «S1 OBUT APYXKEH C 3THM
3aMevaTeNbHBIM BPauoOM W yYeHBIM. Takue JIMYHOCTH
poxmarorcst pa3 B cronetue. briBan y Hero B Kyprane
¥ BMECTE C HUIM BO MHOTHX CTpaHaX MHpa U B POJTHOM
it Hac JlepOenrte. aBpumn WimzapoB ObBanm # y
MEHs B roctsix Bmecre ¢ Pacyinom ['am3aToBbIM U ero
cynpyroii Ilatumar Cangooii. ['aBpumn AOGpamoBuy
ObUT 3aMedaTebHBIM COOECeTHUKOM, YeIOBEKOM C
OONBIIMM JOCTOMHCTBOM W BHYTpPEHHEH CBOOOIOM.
Ero BmoGieHHOCTh BO BpaueOHYyI0 mpodeccuro Obuta
(anTacTHueckoit». B Te )xe nHu B razere « MocKoBCKas
npaBaa» (TnaBHbIA penakrop [lonTopannn M.P.) 6su1a
omybnukoBaHa cratesi b.IlI.HyBaxoBa (oH TOXE
JarectaHel]) ¢ pasoOiaueHneM KoBapcTtBa M.B.
Bonxoga.

Hupexkrop LIUTO (LleHTpanbHOro WHCTUTYTA
TpaBmaTojoruu u opronenuu nmenn H.H. [Tpuopoga),
akanemuk AMH CCCP M.B. BosakoB BbIpa3ui MHE
(marecTaHiry) He yI0BOJIbCTBUE 3TUMU ITyOJIUKAIIASIMH,
YTO CTAJIO JUIA MEHS CEpPbe3HBIM TOPMO30M B Hay4HOU
U CIyxeOHOW Kapbepe. TamaHTIWBBIN  yYEHBIH,
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TNIaBHBIA TpaBMmaroisor-opronen Munsapasa CCCP
M.B. BonkoB, kK COXaJ€eHHIO, CTal TOTJa IJIABHBIM
ommoHeHToM ['.A. MWnmzapoBa, 4YTO HETraTHUBHO
oTpasmyiock ¥ Ha cyabbe camoro Mcrucnasa
BacunbeBnua. JKanp, mO0 BMecTe OHU MOIJM OBl
MOJHATH COBETCKYIO TPAaBMATOJIOTHIO M OPTONEAMIO Ha
HEBHJAHHBIE BHICOTHI B IIaHETapHOM Macmrabe. Tyt
POKOBYIO POJIb CHITPAIH U «IAPY3bsh» mupekropa LIUTO
Toxe. Jlydllle UMeTh OJHOTO Jpyra ¢ NpaBIOH, HEKEIH
COTHH C JIECTBIO.

BmMecte ¢ TeM Hemp3d HE OTMETHTH TEIUIOE
orHomenne A.A. KammynoBa k  Mimzaposy,
MOCBATUBILETO €My KHUTY «HEHM3BEeCTHBIN Mmu3apos:
HITPUXHU K HOPTpeTy» (3amucKku o4eBHIA), Tae A.A.
KaruryHOB moBecTByeT O rojax COBMECTHOH paboOThI
aBTOpA C U3BECTHBIM POCCHHMCKUM yU€HBIM XUPYPIrOM-
HOBaTOopoM akajgeMmukoMm I. A. WmmsaposeiM. B Heit
PACKpPBITHI 4epTHI IMYHOCTU Mim3apoBa kak 4enoBeka,
HACTaBHUKA M PYKOBOAUTENS Ha dTale CTaHOBJICHUS
pa3pabOTaHHOTO MM METOAA JIEYCHUs W OOpeTeHus
HNEPBOTO MPHU3HAHUSA B OTEUECTBEHHOW MEIUIUHCKON
Hayke. A.A. KamnyHoB Tak BbIckazajcs 06 Mnnzapose:
«JTO KpymHas JHYHOCTh, CaMOOBITHBIA TCHUH U
BenuKui Bpau XX Bekay.

HAmutpuit JImutpueuu IlocrakoBuy, Benukui
KOMIIO3UTOP M MYy3bIKaHT, manueHT Mnmsaposa
CIEIYIOUINM OOpalleHHeM XapaKTepH3yeT OTHOLICHUE
k I".A. Unn3zapoy: «Mue nopor I"aBpunin AGpamoBuy
Wnu3apos, u 51 ¢ 60JIBIIUM YBa)KEHHEM OTHOILYCh K €ro
TaJIAaHTJIMBBIM COTpYZHMKaM. ['aBpumn AOpamoBHY
o0JyiaiaeT yaUBUTEIBHBIM 1aPOM: BO3BpAIaTh JIIOAIM
3II0pOBBE, PabOTOCTIOCOOHOCTH, pamocTs. OH He
MPOCTO BpadyeT Ooie3Hb, OH HCIEIIET YeJIOBEKa.
Bruto O oTpasHO, ecii OB y Hac B CTpaHe MOOOIIBIIIE
paboTano TakuX MpeJaHHbIX MEAUIMHE M JIIOASIM
ONapEHHBIX Bpayeil, Kak IPUBEPKEHIBl yYEHUS
Wnuzaposay.

Paznensito Boctopr npodeccopa JI.JI. Boponiosa,
YTBEPKIABIIEr0, YTO «KOCTh, JOCEJIe CUYHUTABIIAACA
MaJIo MOJATIMBBIM OPraHOM, B PYKax yMEJbIEB MPH
NPUMEHEHUN KOMIIPECCHOHHO-TUCTPAKIIIOHHOTO
OCTEOCHHTE3a IPEBpAIlaeTCsl 4yTh JIM HE B LIIUHY,
KaKyl0-TO IUIACTHYECKYIO MACCY, JIETKO MOAI0IIy0Cs
U3MEHEHHI0. Sl B IOIHOM BOCTOpreé OT YCIEXOB,
JIOCTUTHYTHIX HIKoJioi Mnuzaposaly.

I'.A. Unu3apos ObLT (paHATHYHO BIFOOJICH B CBOIO
cucteMmy, paboran 0e3 ycTaau, MHOTO €3[WI TO
MHOTHM CTpaHaM MHpa C JIEKIUAMH U IJIsI TPOBEACHUS
MoKa3aTesbHbIX onepanui. «l'eHnit — 3To BbICHIas
CHOCOOHOCTh ~ KOHIIGHTPHUPOBaTh BHHUMaHHWE  Ha
U3Yy4a€MOM IIPEAMETED, cuuran Vean IlaBios,
naypeat HoGeneBckoii mpemun, HU3HOIIOT.

I[lo wmuenmro O.JM. HWnuzaposoii-AbaeBoH,

«nuzapos - pedopmarop, W3MEHUBIIHI
Mpe/iCTaBjIeHHe O KOCTHOW XUPYpPTUHM  BTOpOM
nosioBuHbl XX cronetus». IlpuBeny uurtaty wu3

BBICTYIUICHHSI 3acily’)KEHHOro Jestenss Hayku PO,
3aBEAYIONMIETO Kaeapoil TPaBMaTONIOTHH, OPTOTEINH
u MEJIUIIUHBI karacTpod MockoBckoro
TOCYJapCTBEHHOTO MEIUKO-CTOMATOJIOTHIECKOTO
yHuBepcutera nmenu A.M. EBnokumMoBa, mpodeccopa
Bacnmmsa Mocudosuda 3opst 8 Mockse, mpoxoauBIIee

4 wmos6ps 2017 roma Ha MexayHapoaHOU
KOH(pepeHIINU «TRAUMA-2017»: «["aBpumi
HnuzapoB — amocTosl TpaBMATOJOTHU U OPTOMEAHH.
Takoro reHus He OBLIO, HET W HE TPCABUICTHCA B
TPaBMaTOJIOTHUHU U OPTOTEAUNY.

U3 nwurar camoro MWnmzapoBa: «C romamu
WCTBITHIBAI0 HE TOJBKO HUYYTh HE 3aTYXAIOUIWHA, HO
MTOCTOSTHHO PaCTyIINi MHTEpec K cBoeil mpodeccuw,
cBoeM Jieny. M, KoHeUHO, CBOMCTBEHHOE HACTOSLIEMY
Bpady YYyBCTBO OTBETCTBEHHOCTH 3a pPE3YJIbTaTHI
cBoero Tpyna. CTpemiieHHWE BHAETh, KaK MOXHO
OobIe JTro/Iel CYaCTIMBEIMID.

BoiBoasb u npeasio:kenusi. Hecmotps Ha To, 4TO
meron HMnuzapoBa, OYEBHAHO, OYEHb MOIIHBIHA
WHCTPYMEHT, HEOOXOJMMO TOHATh MNPHUYUHBI €ro
IIUPOKOTO CIEKTpa TOKa3aHUH U €ro TeKylleu
nosie3HocTd B CoBerckoM Coro3e M JIpyruxX CTpaHax
Boctounoit EBpombl. bomibinyro poins B pa3BUTHH
Merona UmuzapoBa ceirpand  (QHUHAHCOBEIE W
TEXHOJIOTHYCCKIE OTpaHUYICHUSL CoBeToB B
o0ecTieYeHNN TTAEHTOB JTOCTaTOYHBIM KOJIHMYECTBOM
COOTBETCTBYIOIINX  aHTHOWOTHKOB.  OTcyTcTBHE
AHTHOMOTHKOB, C OJHOH CTOPOHBI, CO3/1aBaJO
3HAa4YUTENIbHbIE 3a00JIeBaHUA KOCTEH U CYCTaBOB IS
JeYyeHus M, C JPYyrod CTOPOHBI, OTrPaHUYMUBAJIO
OMpECIICHHBIC BapUAHTHI JICYCHUSA. PUCK TIIyOOKOi
UH(DEKIMH, OCJIOXKHSIOIEH BHYTPEHHIOW (UKCALUIO
Jake TpHU 3aKpPHITBIX MepeioMax WId YHUCTOM,
TUTAHOBOM omepanuu, ObUT U 0CTAETCSI BBICOKHUM.

CymiecTByeT ocTpast HeXBaTKa TOBapOB H YCIIyT. Y
CoBeToB He OBUIO HH TEXHOJOTHWH, HU (DMHAHCOBOM
TTOACPKKH MPOTE3HBIX YCTPOMCTB, KOTOPBIE CICIIANH
OBl aMIOyTalMi0 pPa3yMHOH albTePHATHBOW I
HEKOTOPHIX TPOOJEM C MBIIEYHBIM CKEJICTOM.
XUpYpruuecKd CHacTd CUJIBHO Je(QOPMHUPOBAHHYIO
KOHEYHOCTh JCIIEBIIC, YeM aMITyTHPOBATh, AaXe €CIIU
S9TO  O3Ha4aeT  MeCSmbl  TOCHHTAIM3ALUU U
peabuITTalnK 3a THICSYH MIJIB OT joMa [14].

B 1970-x rr. BO Bcelr EBpone u CoenrHEHHBIX
[ITatax MTPOU30LUIO BO3POXKIEHHE HCIOIb30BAHU
BHEIIHEH (UKCAMU [JIs JICYCHHUS TMEPeIOMOB U
neopmanmii kKoHeuHOCTeH. JlocTikeHUs B oOnacTu
MaTepHalioOB ¥ METOJIOB YMEHBIIWINA OCIIOKHCHUS
MATKUX TKaHEH, paHee MCKIOYABIIHE HCIIOIB30BaHUE
storo Meroma. OmpuoBpemenHo B Kyprane, B
torgamiieM CoBerckom Coroze, [.A. HWnuzapos
pazpaboTan CBOIO METOAUKY JAHUCTPAKIMOHHOTO
OCTEOTeHEe3a. Oto BaXXHOE JIOCTH)KEHUE
CIIO0COOCTBOBAIIO YAITHHEHUIO KOHEYHOCTEH,
YCTpaHEHUI0 MHOTHX OCJIOKHEHWH W YMEHBIICHUIO
o0beMa  XHUPYpPrHYECKOr0  BMENIaTelnbCcTBA.  JTa
TEXHHKAa COXpaHSIeT OCTEOTEHHBIE JJEMEHTH B
KOHEYHOCTH. On YCOBEpLIEHCTBOBAJ
BBICOKOYACTOTHBIH, MEJIKOIIAroBbIN puT™
JUCTPAKLMK, KOTOPBIA TMO3BOJISLII XOpOIIEH KOCTH
pereHepupoBaThCS U YMEHbILAT OCIOKHEHUS MSATKUX
TKaHeW, Takue KaK MOBPEXKICHHE HEPBOB M COCYIOB.
Oror METOJ JlaeT xoporee Ka4ecTBO
KOCTeoOpa3oBaHus, CBOMS K MUHHMYMY
pacrpoCTpaHEHHOCTh HEPABHOMEPHOCTH (Tpedyromen
JlanbHEeHIen KOCTHOM TUTACTHKH ) WA
MPEXAECBPEMEHHON  KOHCONUAALMN  yIJIMHEHHOTO
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cerMeHTa (TpeOylomieil MOBTOPHOH OCTEOTOMHHM U
OCTEOKIIa3a). Y UIMHCHHE CErMEHTa KOHCYHOCTH MO
140% Teneps HE TOJNBKO BO3MOXHO, HO U SIBJISCTCS

OOBIYHBIM JIETIOM. Ceoumu KJIMHUYECKUMHU
HaOMIOAGHUSIMA ¥ OKCHEPUMEHTAIbHBIMH (B
KHUUKD2TO MOILIHOE JKCIEPUMEHTAIBHOE
OTIENICHHEe C  COBPEMEHHBIM  OOOPYIOBaHHEM)
onblTamu ['.A. nu3apoB u ero KoJuieru 10Ka3ainu, 4To
CpacTaHWe  TEPEIOMOB  MPH  HCIOJBb30BAHUHU
KOMITPECCHOHHO-IUCTPAKIIMOHHON CHCTEMBI

MPOUCXOIUT B 7Ba, @ TO M B TPU pa3a YCKOPEHO,
HEXKEIH TIPH JICICHUH NIEPEIIOMOB C HCIIOIb30BAHIEM
HAaKOCTHBIX IUIACTUH W BHYTPUKOCTHBIX IITH(QTOB.
IaBpunn MnuzapoB noadepkuBai, 4To OH paspaboran
HE TOJBKO ammapaT, HO TIJIaBHOE- CHCTEMY
KOMITPECCHOHHO-/INCTPAKIIMOHHOTO OCTEOCHHTE3A.

I[lo wmepe Toro, kak Meronsl Mnusaposa
ocBauBaimuck B EBpome u CHIA, noctuxeHus B
obyiacTh MaTepuasoB ¥ OHOMEXAaHHKH BHEIIHHX
(hukcaTopoB OBICTPO MOIM(DUITUPOBATH METOAHKY.
OTO pacmmpuIIO IIOKa3aHuUs K JICUCHUIO BPOXKACHHBIX U
MPUOOPETEHHBIX ITOPOKOB PA3BUTHA KOHEYHOCTEH.
Paznuunble  KOH(QUrypanmy BHEIIHEW (UKcALuH,
MoaudUIMpyIOIMe  KojbleBoW  ¢Qukcarop  Ha
VHUIUIAaHapHBIE W OWIUIAaHApHBIE  paMbl U
JMo0aBIISAONINEe TpaHCHUKCAIMOHHBIE IITUQTH U
nonymTudTel K MeToJaMm (HKCAlMd IPOBOJIOKH,
Teneph ABIAIOTCS CTaHmapTHeIMHE [15].

Oclo)KHEHHsI BCE €Ie MEIIAIT YCIEHUIHOMY
JICYCHUIO HEJIOCTATKOB KOHEYHOCTEH. Ot
OCJIO)KHEHHUSI JIOCTATOYHO IPEACKa3yeMbl, YTOObI
W3MEHUTh  HOMEHKJATypy B  JHTeparype IO
YJUIMHEHUIO KOHEeYHOCTeH. TONBKO Te OCIIOKHEHWUS,
KOTOpBIE H3MEHSIOT IPOTHO3UPYEMBIH pe3yibTar,
SIBJISIFOTCSI JeWCTBUTEIILHO «OCJIO)KHEHUSMID).
Bynymiye TeHAeHIMU K COBEPIIESHCTBOBAHHIO METOJA
Wnu3apoBa 1Mo3BOJIST CHU3UTD YaCTOTY OCJIOKHEHHH.

Merton Wnuzaposa SIBJISIETCS BAYKHBIM
JIOTIOJTHEHHEM K apCeHaly METOJIOB JICUEHUs! XUpypra-
opronena.  Codveras  cTaOWJIBHYIO  BHEIIHIOIO
(ukcammro ¢ TOYHOH W KOHTPOJIHPYEMOH

KOpTI/IKOTOMI/Ief/'I MU HCIOJIb3Yyd HOBOC Jid 3ana/:[H0171
MEAUIMHBI IOHUMAaHUC OHOJIOTHH YAIUHCHUA TKaHGI\/’I,
CJIOKHBIC ,He(l)OpMaL[I/II/I 1 3HAYUTCIbHOC HCPABCHCTBO
JUUIMHBI KOHEYHOCTEH MOTyT OBITH YyCHenHO yCTPpaHCHbI
C IIOMOIIIBIO MAaJIONHBa3UBHOM XUPYypruu.

CnucoK JuTepaTypsl:

1. Ancmamgm .M., Conon 3.U1., AGaynxabupoB
M.A., UBamkua A.H., AprembeB A.A., Komy6 A.M.
«BHeouarosblit OCTEOCUHTES! HUCTOpUS u
COBPEMEHHOCTh. Y4YeOHO-METOINYecKoe Mocodue. —
M.: Poccuiickuii yHUBEpCHUTET IpyKObI HapOIOB
(PYIH), 2019. — 40 c.

2. Tonaxosckuit B., ®penkens B. PykoBoacTso
M0 YPECKOCTHOMY OCTEOCHHTE3y MeTonoM Mnmsaposa
/ mep. ¢ anra. nox pea. B.M. Jlupumana. — M.: bunowm;
CIIG.: Hes. guanekT, 1999. — 267 c.

3. T'y6un A.B., bop3synos /I. FO., ManbkoBa T.A.
ITapagurma WnuzapoBa: TpuAnaTh JIET C METOJIOM
WnuzapoBa, Tekymme mpoOieMbl W Oyaymiue

uccienosanus // Int Ortop. — 2013. — Ne37(8). — P.1533-
1559.

4. Wnuzapoa-AbaeBa J.1. VHTennekTyaibpHbIe
TPy Bl JIOKTOpa WIM3apoBa (4pECKOCTHBIN
KOMITPECCHOHHO-AUCTPAKIIMOHHBIA  OcTeocHHTE3) //
Poccwuiickuit sxypHan 6nomexanuku. — 2019. — Nel. —
C.153-159.

5. MemukoB 3.A., JIpo6sime A.YO., Kimma
WN.A., Cuurepes C.A., ampua C.B. Meron
JHUCTPAKIIMOHHOTO OCTEOreHe3a KaK dTall MOATOTOBKH
K JCHTAIBHOH NMIUIAaHTAIUH MTAIUEHTOB C TOTAIbHBIM
neeKToM Tela BepXHEH W HIDKHEH dYemrocTer
(xmuHUYecKUi ciryyaif) / Poccuiickast ctoMaTosiorus.
—2014. — No7(4). — P.41-46.

6. Birch J.G, Samchukov M.L. Use of the
Ilizarov method to correct lower limb deformities in
children and adolescents // J] Am Acad Orthop Surg. —
2004. — Vol.12(3). — P.144-154. doi: 10.5435/00124635-
200405000-00002. PMID: 15161167.

7. Bisaccia M., Ibanez C., etc. The strange
siberian cage: the history of the circular external
fixation // Canadian Open Orthopaedics and
Traumatology Journal. — 2016. — Ne3. — P.10-14.

8. Codivilla A. On the means of lengthening in
the lower limbs, the muscles and tissues which are
shortened through deformity / Am J Orthop Surg. —
1905. — Ne 2. — P.353.

9. Epps C.H., Schneider P.L. Treatment of
hemimelias of the lower extremity: Longterm results //
J Bone Joint Surg. — 1989. — Ne 71(A). — P.273.

10. Gugenheim J.J. Jr. The Ilizarov method.
Orthopedic and soft tissue applications // Clin Plast
Surg. —1998. — Ne25(4). — P.567-78.

11. Lowenberg D., Githens M. Christopher
Boone. Principles of Tibial Fracture Management with
Circular External Fixation // Orthopedic Clinics of
North America. — 2014. — Vol.45. — Ne2. — P.191-206.

12. Mosca V.S. The Ilizarov method. Orthopedic
and rehabilitation management // Physical medicine
and rehabilitation clinics of North America. —1991. — Ne
2(4). — P. 951-970. doi:10.1016/s1047-9651(18)30690-9.

13. Paley D. Problems, obstacles, and
complications oflimb lengthening by the Ilizarov
technique // Clin Orthop. — 1990. — Ne 250. — P.81.

14. Rosenfeld S.R. The Ilizarov method. Skeletal
defects. A comparison of bone grafting and bone
transport for segmental skeletal defects // Clin Orthop
Relat Res. — 1994. — Ne 301. — P.111-117.

15. Stuart A. Ilizarov orthopedic methods:
innovations from a Siberian surgeon / AORN Journal.
—1989.-Vol. 49. — Ne 1. — P.215,217, 219, 222-223, 225,
228-230.

16. Tucker H., Kendra J., Kinnebrew T. Tibial
defects: reconstruction using the method of Ilizarov as
an alternative // Orthopedic clinics of North America. —
1990. — Vol. 21. — Ne 4. — P. 629-637.

17. Wagner H. Operative lengthening of the femur
// Clin Orthop. — 1978. — Nel36. — P.125.

18. Weiland A.J., Weiss A.C., Moore J.R., etc.
Vascularized fibular grafts in the treatment of
congenital pseudarthrosis of the tibia / J Bone Joint
Surg. —1990. — Ne 72(A). — P.654.



East European Scientific Journal #4(68), 2021 21

Aboynxaoupoe Mazomeo Aboynxadbuposuu

ooyenm Kapeopvl Mpasmamonozuy u opmoneouu

Meouyuncroeo uncmumyma Poccutickoeo ynusepcumema Jpyocovr Hapooos
(PY/H Ynusepcumem)

IIUPOI'OB H.U. CITAC MEH/IEJIEEBA /.. U IOMOI' MEYHUKOBY HU.H.

Abdulhabirov Magomed Abdulhabirovich
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PIROGOV N.I. SAVED MENDELEEV D.l. AND HELPED MECHNIKOV I.1.
DOI: 10.31618/ESSA.2782-1994.2021.3.68.24

AHHOTaIIl/ISI. He u3BecTHO 0 3HAKOMCTBE [[MI/ITpI/IH MeHz[eJIeeBa ¢ Unps Me‘{HI/IKOBBIM, HO cym,6e OBLIO
YrogHo cHacTu I[MI/ITpI/ISI HBanoBuua ot CCPHLE3HOI'0 HEAYTa U OMOYb Unbe I/IJ'II)I/Illy MPOAOLKUTD yqe6y B
EBpone. OTuM TpeTbuM reHueM ObUT BENUKUN aHaTOM, XUpYpr U neparor Hukonait Misanosuu Iuporos. Kpatko
0 KpaTKuX BCTpEHUaxX JABYX I'€HUECB C Huxkonaem HI/II)OFOBLIM HacToAIas Crarbs.

Annotation. It is not known about Dmitry Mendeleev's acquaintance with Ilya Mechnikov, but fate wanted
to save Dmitry lvanovich from a serious illness and help Ilya Ilyich continue his studies in Europe. This third
genius was the great anatomist, surgeon and teacher Nikolai lvanovich Pirogov. Briefly about the brief meetings
of the two geniuses with Nikolai Pirogov, this article.

Knrouesvie cnosa. Meunukoe Unva Hnvuy, [lupoeos Huxonai Heanosuy, [mumpuii Heanosuu Menoenees,
Kues, I'epmanus, Kpvivckas eoiina, mybepkynés, Hobenesckas npemus, nedazo2ukd, Xumusi, Xupypeus.

Keywords. Mechnikov llya llyich, Pirogov Nikolai lvanovich, Dmitry lvanovich Mendeleev, Odessa,

Germany, Crimean war, tuberculosis, Nobel Prize, pedagogy, chemistry, surgery.

IIpeauciaoBue. Amurpuii HNBanoBu4
Menpaenees (1834-1907 rr.) —xumuK, OH3HK,
HKOHOMHCT, II€/Iaror, BO3AyXOIUIaBaTelb, HATYPAIHCT
WHHAIMATOp  co3iaHus  Pycckoro  XMMHYECKOTO
oOrmrecTBa, moYeTHBIA WwieH Oonee 70 Akagemuil HayK
Y Hay4YHBIX 00IIeCTB MHpa, TUpeKTop [ aBHON manaTel
Mep U BECOB; OH 3aJI0KHJI OCHOBBI TEOPHUH PACTBOPOB,
n300peN TMPOMBINUICHHBIH CIOco0  (ppakImOHHOTO
pasaencuus HepTH W OE3ABIMHBIA TOPOX, CO3IAI
(U3MYECKYI0 TEOPHI0 BECOB, IPEIUIONKHI TPHUEMbI
TOYHOTO B3BELIMBAaHHS, BOCCTAHOBWJI IPOTOTHUIIBI
JpEBHEPYCCKUX Mep- (YHTA U aplINHA; HHTEPECOBAJICS
neMorpadueil, TaMOXEHHOW ¥  IPOMBIIIICHHON
noJuTukoil Poccuu, npoexkTupoBan JIEAOKON  AJIs
NPOBEICHUST HAYYHBIX MCCIIEIOBAHUH B BBICOKHX
MIAPOTaX.

Amutpuit MenneneeB - Benuyaliuil yyeHbId B
UCTOPHM  YEIIOBEYECTBA, OTKPBIBIIMH OIUH W3
(yHmaMeHTaNbHBIX  3aKOHOB  EcTecTBO3HaHms -
[lepmognveckuii 3akOH XHMHYECKHX 3JEMEHTOB,
KOTOPOMY MOJUMHEHO Bce Muposnaunue. 1984 rox, no
pemennto FTOHECKO, 6pin I'omom MennaeneeBa, a
xypHas “Researche” Ha3zBanm ero «campIM BEITUKUM
YYEHBIM BCEX BpeMeH .

Meunukos HWabsn HWabuu (1845- 1916 r1r.)
BBIIAIOIINICS pycCKMH W (paHIy3cKuil OmoJIor,
naypeat HoGeneBckoii mpemun B 061acTH GU3HOIOTHU
W MEIUIMHBI, TEPBOOTKPHIBATENb (arouurosa u

BHYTPUKIIECTOYHOT'O nuuieBapeHus, OJIMH us3
OCHOBOIIOJIO’)KHUKOB HMMMYHOJIOTHH, 3M6pI/IOHOI‘I/II/I n
TECPOHTOJIOTHH.

Huxounait UBanosu4 IMuporos- (1810-1881 rr.)
- TeHUAIIBHBIA XHPYpr, aHATOM, IIEAaror CO3JaTellb
MepBoro arjgaca Tomorpaduyeckor  («JIemassHON»)
AHATOMHH- MpejTeYa KOMIIBIOTEPHOW ToMorpaduy,

OCHOBOTIOJIOKHUK pycckoit BOEHHO-TI0JIEBOU
XUPYPIUU U OCHOBATENh PYCCKOM IIKOJIBI aHECTE3HH,

O JI.1. MenneneeBe. [Imurpuii Menenee 0bu1
MIOCIIEAHUM, CEMHAJIaThiM peOEHKOM B  CEMbe
mupekTopa ToOonbckoi ruMHasuu Mana [TaBioBuda
JmvutpueBa. C nmetcTBa cTpagan ciabbIM 30POBBEM.
Korma mwurputo ©Obuto 10 ner, ymep oten wu
OCHpOTEBILEH ceMbe nomoria Bacuwmmii JmMutpueBuy
Kopaunos- 6par marepu- Mapuu J{mutpuesssl. B. 1.
KopuunbeB mnepeexanr B MockBy, a HEOOIbIION
CTEKOJBbHBIH 3aBOJ B ceine Bepxaue ApeM3siHBI
OCTaBWJI CECTpe, HO 3aBOJ CrOpesl, 3TO M IOCITY>KHIIO
TOJTYKOM JUJIS TIepee3/ia CeMbH CHadalla B MOCKBY, Kya
ceMbs fobpanach Ha Jlomaasx. 3ateM B [letepOypr, Ho,
HU B MockoBckuid, HU B [leTepOyprckuii yHUBEpCUTET
JMuTpuio mocTynuTh He ynpaiock. [lostomy OH
HampaBWI JOKYMEHTHl B MeIUKO-XUpYpPruuecKyro
aKaJeMHIo, HO HE BBIJAepXKan MpeObIBaHUS B
AQHAaTOMHYECKOM TeaTpe, MO0 MNpH INPHCYTCTBUU Ha
Mepo ’k€ BCKPBITMH Tpymna eMmy cramo aypHo. U
HOJy4YHJIOCh Mo moroBopke: «Her moporm - mmu B
nmemparorw». Jmurpuii MBanoBumy B 1850-m romy
MOoCTynuI B [ J1aBHBIN niearoru4ecKuii UHCTUTYT.

B niepBsiii rog o0yuenus Y. Menaenees cpeau 28
BOCITUTAaHHWKOB  OKaszajcs Ha 25-M Mecre u
€IMHCTBEHHBIM M3 OJHOKYPCHHKOB COTJIACHJICS Ha
MIOBTOPHOE NPOXOXJeHHe oOyueHus. Uepe3 roa oH
OKas3alCcsi yXe CeAbMBIM, a BCKOpE, 3aBOEBal
PEeIyTaIMIo OHOTO U3 CaMBIX CIIOCOOHBIX CTY/AEHTOB.
EmMy wdacro mpuXoauioch NpPOBOJAUTH BpeMs B
WHCTUTYTCKOM JIa3apere, ¥ ChIpoi kiaumar [letepOypra
IUIOXO CKa3ajcsi Ha 370pPOBbE CTyJAeHTa. Y HEro
OTKPBUIOCH KPOBOXapKaHbe. OJTO OBUI 3JOBEIIUi
TPU3HAK CTPAUTHOM U JJOJIbHO PaclpOCTPaHEHHOU B TE
rofsl 0oJe3HW (KaBEpHO3HBIH TyOepKym€3 JerKux-
«9axoTKay).
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«Jluwb MmoabKko s 02na0encs no noCMynieHuu 8
uncmumym, s conuzuncsa c¢ Juumpuem HMeanosuuem.
Mens  nopaosicano ez2o0 npucmpacmue K 8vicuiel
Mamemamuxe HeCMOMps HA MO, YMO OH SCHO
06Hapycusan cebs Qusuko-xumuxom. K
OUONOUYECKUM HAYKAM OH 8bIPAICAL MAKICE OONbUIOE
pacnonodxcenue... OOHAKO OH He 02PAHUYUBANCA
Haykamu 3mozo ¢haxkyiemema U UHMEPECO8ANCs
HayKkamu, NPOXOOUMbBLMU Ha UcCmopuxo-
@unonocuueckom ¢haxyrememe, max KaxK oH ycnesai
eblOpamv  epems, 4Umobwvl  Oblmb  HA  JAEKYUSX
npogeccopos u moeo garkyremema. Kpome moeo, ou
nocewan — MAcmepckyio  2anb8AHONIACMUYECKUX
pabom, ycmpoenuyio 6 30anuu Axademuu Hayx... Om
MaKo2o WUPOKO2o U 20pAYe20 unmepeca K HAYKam
cmpadan e2o  uaudecKull OpeanusM, BbIPaICAACH
Kpogoxapkamvem u paccmpoucmeom Hepeogy (M.A.
ITarkoB o JI.1. MeHneneese).

V3uaB, uro y M. MenjaeneeBa oT TyOepKyJesa
yMEpJIM OTell U TPHU CECTPbl, MHCTUTYTCKUI Bpad
Kpebenp He comHeBalCcs B OWar€Ho3e M IIPOTHO3A
cBoero He ckpeiBaid. Korga B mamary, rae Jiexan
MeHnnenees, 3arisHyI IUPEKTOP HHCTUTYTA, OJCIHBIN
U XyZIOIIaBbli cTyaeHT cnan. WM ckazan Bpau
qupextopy: «Hy, 3ToT yxXe He MNOTHHUMETCS.
IIpunsopusiii Mmenuk H. @. 3nexayep ycoMmHmiucs B
JIMaTHO3€ M HA BCAKUM Clyd4adl Jan IalueHTy
PEKOMEHAATEeIbHOE MUChMO K "HaxOJIeMycs TIe-TO
B Kpsimy» Huxomnato iBanoBuuy Iluporosy. Hukomnait
®dEnopoBruy  3aekayep-Omkadmmii  apyr  H.H.
ITuporoga, 3aciy>keHHBIH podeccop MmmepaTopckoit
MEIUKO-XUPYPTHICCKOH  aKageMmMud, Jiei0-MenuK,
JIEUCTBUTELHBIN TaWHBINM COBETHHK.

B Kpeimy 1mma BoiiHa, Bcroxy ObutH paneHHBIE. C
noe3nkoit B Cumdpepornosis CBsi3aH Kypbe3HbIii ClTydaii:
mo omubke I'mpca - JupekTopa JAemapTamMeHTa
MunucrepcTBa oopazoBanus Imutpuii FiBaHOBUY ObLI
HanpaByieH B Cum¢eporiosb, HaXOIUBIIUICS Ha TOT
MOMEHT B 30He OOEBBIX JieicTBHH. MeHeneeB nocie
3TOT0 HAarOBOPHJI YHHOBHUKY JIEP30CTEHN U JIEII0 TONLI0
JI0 TOTO, YTO MHUPWJI MX CaM MHUHHCTP 0Opa30BaHWUS.
«Towmen B MUHUCTEPCTBO, JJa U HArOBOPHJI I€P30CTEN
nupekTopy aemnapramenta I'mpcy. Ha apyroil nenb
BbI3bIBaeT MeHs K cebe U. U. JJaBeigoB: «UTo ThI TaM B
JemapTaMeHTe Hanenaid. MuHucTp TpeOyer Teds it
o0BsicHeHUI». B Ha3HaueHHBIH NIeHb, kK 11 yacam yTpa,
sl OTIPAaBWICA HA IPUEM K MUHUCTPY. B mpuemnoii
OBUTO MHOTO HApOAy W, MEXAY HPOYUM, TUPEKTOP
JemapTaMeHTa. Sl cem B OJHOM YITIy KOMHATHI,
qupexktop B apyrom. Hawancs mpumem. Xy wac,
JIpYrod, TPETUH, HU MEHs, HU AUPEKTOPAa K MUHUCTPY
He 30ByT. HakoHer, B 4eTBEepTOM Hacy, KOT/ia IpHueM
KOHUWICS U BCE YIUIM, OTBOPAETCS [BEPb U U3
kabuHeTa, OmHMpasch Ha MAJIKy M CTy4a CBOeH
JIepeBSIIKOH, BBIXOAUT (OH OBUT XpOMOH, moOCIe
aMITyTalliyd OJIHA HOTa y Hero OblIa Ha JepeBsIlKe)
muHKCTp ABpaam Cepreesnd Hopos. OH Ob11 100pbIM,
HO TpyOOBaThIM MHHUCTPOM. OCTaHOBUBIIHCH CPEIU
KOMHATBI, TOCMOTpEN Ha MEHS, Ha AWPEKTOpa M
TOBOPHUT: «BBI 94TO 3TO B pa3HBIX yIilaX CHANUTE, HIUTE

crona». Msl nopouun. OH oOpaTHics K AUPEKTOPY:
«910 uyTo y TEOs Tam mnwmcaps nenator? Tenepp B
MyCTSIKax HamyTald, a MOTOM B BaXXHOM JIele
HaropTsT. CMOTpH, 4YTOOBI 3TOr0 OOJIBLIE HE OBLION. A
IIOTOM KO MHE: «A ThbI, IIeHOK. He ycrmen co mKoinbHoi
CKaMEeHKH COCKOYHTh U HAYMHACIIb CTAPIINM IPyOUTh.
CMmortpw, 51 3TOTO BHepen He moteprnto. .. Hy, a Teneps
nouenyrece». Mbl He aBuranuch. «llemyiiTecs,
roBopro Bam!» [IpHIuIocs MONENOBaTHCSA, 1 MHHUCTP
Hac otmmyctii».» ([. 1. Mennaenees).

H.A. TIIuporoB cmnac J[.MA. Mengeseena.
Hobpasmmcek 1o Cumdpeponons (oktsops 1855 1.),
MenzeneeB He cpa3y momen k IluporoBy, a gonro
BBIOHMpas BpeMs AJ1s BU3UTa, notomy uto [Tuporos auu
W HOYM HE OTXOJAWJI OT OIlepallioHHOro croia. Ilo
TOPOJy XOIWIIH CIIyXH O TOM, 4T0 [InporoB OykBasbHO
KEPTBYET CBOUM 3[J0POBBEM paJlil CIIACCHHUSI PAHEHBIX
1 9TO T€, PABHO KaK M CECTPBI MIJIOCEPAHNS, €T0 IIPOCTO
6oroTBopsT. ['OBOpHMIHN, UTO axe OTKa3bIBAIOT ceOe B
CHE U TIHIIIE.

Hakonenr MennemneeB coOpancst ¢ AyXoM U
OTIIpaBWICA B TOCHUTalb. BW3UT ATOT enBa He
3aKOHYMJICA TaK JKe, KaK W JAaBHHUIIIHEE ITOCCIICHHE
AHATOMHYECKOTO Tearpa, 0OMOpPOKOM. Ilo
CBHUJETENIILCTBY COBPEMEHHUKOB, 3ajJ, B KOTOPOM
CTOSUTH OIIEPAI[MOHHBIE CTOJIBI, ObUT OYKBaJBbHO 3aJIUT
KpPOBBbIO, HE TOBOpsl YK€ O NepeJHHMKax Bpauedl u
cecrep. Bo3ayx ObLT HAallOJIHEH CTOHAMHU U BOEM, a 110
CPaBHEHHIO C BOHBIO, CMpag CUMQEpOINOIbCKON

yIUIBI, Kazajcs paiickuMm apomatoM. [lo yriam
KOMHATHl ~ CTOSJIM  IIEPEMONHEHHBIE  OOYKH ¢
aMITy THPOBaHHBIMHU KOHEYHOCTSIMH. Iuporos

OIIepUpOBa OE30CTAHOBOYHO: CIIETaB CaMOE BaXKHOE,
OCTaBIT TIOMOIIHHMKOB 3aBEpIIATh OINEPAINI0 |
OBICTPO NEPEXOANT K JPYTOMY CTOIY ...

Tpu aust noapsx Asisiacs MeHzenees B 3TOT 3al
U KaXIbli pa3 HE OCMEIMBAICS OOpaTHThCS K
Hukonaro HMBanoBuuy. Haxonen, ero 3aMerunu
CEeCTpPHI, NMOJOLUUIA H, y3HAaB, B 4eM N0, JOJOXKIIN
xupypry. TOT HHYYTh HE YAMBHWICS, IOMPOCHI
MOJOKIATh W BCKOPE KAaKMM-TO UYJIOM Hallel
BO3MOXKHOCTh ~ OOCTOSITENIBHO ~ PacCIpoOCHTb U
OCMOTpETh HEO0XXKUAaHHOTO TIalKeHTa.
Hecmotps Ha pasuuiyy B Bo3pacre (ITmporosy torma
obL10 46 NeT, a MenaeneeBy —Bcero 21 rof), oHu OBLTH
NITHLAMHA OJJHOTO MOJIeTa — €CTECTBOUCIIBITATEISIMHI
JI0 MO3ra KOCTeH, K TOMY K€ MX XapakTepbl U CYbObI
ObutM Ha ynuBiIeHHe MOoXoku. O0a MPOUCXOIWIN M3
MPOCTHIX MHOTOAETHBIX cemelcTB (IIuporoB ObLT
TPUHAALATEIM PEOCHKOM), 00a TMOTepsUIi B JIETCTBE
OTIOB U TO3HAJIHM CBA3aHHYIO C 3THM HYXIy U o0a
MOYTH  MalbUMKaMHM  CTalll  Ka3eHHOKOIUTHBIMHU
crynenramu. Oba, Bosero cye0, OKa3alnuch BXOXKHMHI
B coobmectBo 6mm3kux A.C. [Tymkuny ronei.

O6ouM CyXIeHO OBIIO HCIBITaTh HECYACTHYIO
nepByto 11000Bb. O0a ObUIM TPYZOTONMKAaMH, 00a
TUIOXO JIAJWIIH C JIOJIbMH, OCOOCHHO C )KEHIMHAMH, U
CTpajajiy OT HEeNOoHMMaHMs, 00a B pacuBeTe CHI U
TaJlaHTa OyIyT OTOPBAHBI OT JTFOOUMOTO JeTa.
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M. Tuxuit. H. U. NMuporos ocMarpuBaer
6onbHoro [. U. Menpgeneega

Juarno3 «tybepkyne3» Iluporos otepr cpasy,
obpyran 3aekayspa HEMUYpPOH U MOJAAPUIT €TO TTHCHMO
NnepeCcTaBmIEMy OT CHACTbA AbINIaTh MAIIUCHTY: MOIJI,
BBI, OaTeHbKa, eIle Hac co 37eKayIpoM IIepekKHBETe.
«A 4TO K€ Torza KaIesb, clabocTb, KpOBOXapKaHbe?
Otyero oHM? — A Korja 3TO C BaMH HIEpPBBIA pa3s
CITyunIioch?» «-B Hauane yueObl ObUI ¢ TOBapUIIaMy B
Tearpe. [leBHIy- WTaNbSIHKY OWCHPOBAJM; CHIILHO
Kpudai...». «-Or  Bocropra, 3HAYWT,  TOXE
MPOSIBIIAETCA. ...

HHpOFOB TIPEAMIOJIOXNUIT HAIINYINUE Y TMOCCTUTEIIA
HEOMAaCHON CepJieYHON OOJNEe3HH, B IIEJIOM JK€ CYel
HEIOMOTaHHE CIJICJACTBUEM MHOTOJIETHETO JTyIIEBHOTO
CMATCHUS, Hepe)l(HBaHHﬁ, KOTOPBIC BII€YATIINTEIbHBIN
MenneneeB mnepeHec, TNIAAS Ha CMEPTh ONM3KHX, a
IJIaBHOE —  MYYHMTENBbHOH  HEONpe[eNeHHOCTH
HNOCAEAHUX  JIeT, MpOHIeNIIMX  MOA  3HAKOM
CKOPOTEYHO O0se3HH. JIOKTOp Jaj HallueHTy COBETHI,
KOTOPBIMH, HaBEPHOE, C PaJIOCTHIO BOCTIOIL30BAJICS ObI
caM: «paboTaTh BCJIACTh, HO HE MEPEYTOMIISITHCS;
noGoJiblie TYNSATh M IYTENIeCTBOBAaTh M, TIJIABHOE,
HUKOTJ]a, HU B 4YE€M HE IEpeuuTh CBOEH HaTypey.
«Hare-xa Bam, GaTeHBKa, MHCHMO BamIero 31exayepa.
Coeperure ero, 1a Korna-Hu0yas eMy 1 BepHuTE. 1 OT
MeHs IlepeaiiTe, 9To BBl HAC 000MX IepexnBeTe». Tak
OHO U BBIIIIO.

Jmutpuii  MenjgeneeB ¢ 01aroJapHOCTHIO
BcrioMuHan Ty Bcrpeuy ¢ H. U. [TuporosemM: "Bot 310
ob11 Bpau! HackBo3b yenoBeka Bugena' . Menaeneen
yepe3 IBa ronxa BepHyics B [lerepOypr, 3ammTiin
kanauaatckyio (1856 r.), a 3ateM W JIOKTOPCKYIO
(1865 r.). A ucnonuunocs Toraa JImutpuro BaHoBUIYy
Bcero 31 ner.

MenneneeB 1 HoGeneBckas mpemusi. B 1905
rogy HoOeneBCKMM KOMHTETOM EAMHOAYIIHO OBIIO
NPUHATO pELIeHHe O BBIABIDKEHHMM MeHpeneeBa Ha
MIPUCYKICHUN eMy npeMun. Ero xaHaummatypa cpasy
ObUTa BKIIIOYEHA B «MaJbIii CIHCOK» IPETCHIICHTOB,
rae, nomumo JImutpust MiBaHOBHMYA, OBLTH HEMEIIKHIA
mpodeccop m3 MionxeHa Anonsd ¢on baitep u
nmaprxckuii AHpr MyaccaH. B ntore, KoMuTeT BeIOpai
kaHnuaatypy ¢on baitepa, o0bsicHss Tem, uto baiiep
BBIJIBUTAJICSI HA IPEMUIO Ha MPOTSDKEHUHM 5-TH JIET, a
MeHnneneeB BHOEpPBbIE, U, TAKKE, OTKPbITas HE3aJ0JIFO
JO DJTOro HyJleBas rpynna (MHEPTHBIX TIa3oB),
JIOTIOJTHSIOIAsl NEPUOJUUECKYI0 CUCTEMY, HE ycIena
MOJYYNTh TaKoH IOJIEPKKH B KOMUTETE U 3a €ro
TpeesiaMy KOel B TEICHNH Psizia JIET MOJIB30BaJICs (OH
Baiiep.

B 1906 rogy HoOemeBCKHil KOMUTET MPHCY U
npeMuio MeHzeneeBy. Pemenns KoMHTETOB OOBIYHO
HE OCNapHBaIOTCs, HO OBIBAIOT MCKIIOYEHUS... B TOT
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rog IIBexckas KkopoieBCKas —akalAeMus  Hayk
OTKa3ajach YTBEpAUTH TO pEIIeHHUE, B UM ChIFPAIo
pematomyto ponb BiausHue C. AppeHuyca, Jaypearta

1903 roma 3a  TEOPUIO  DIIEKTPOIUTHYECKOM
JHUCCOLMALMM.  MEHJeJIeeB  KaTeropuueckd  He
OpUHUMANl ~ THOOTE3y MIBEACKOrO  y4YeHOro 00

CaMOIIPOM3BOJIBHOM pacliaie MOJEKyJl B pacTBOpPE Ha
noHbl. OH, KaK W MHOTHE BEAyIIWe YYEHBIE TOTO
BPEMCHH, CUHTAJ IPEANONOXKEHHE AppeHuyca
abcypnupiM. B wmrore, mpemmio mpucymmmm .
Myaccany 3a OTKpbeITHE GTOpA.

Emgé OJHa MIpUYHHA MIPOTUBOCTOSTHHS
HobGenesckoro komutera npotus .M. Menneneesa.
Bopsics c XHUIHTYECKUM oTpedIeHuEM
yriaesogoponoB, [ImM. MeHaenees BcTymaeT B
koH(mukT ¢ Jlrogeurom HobGenem- crapumm OGpatom
3HaMeHuTOoro Anedppena. Ilomb3ysch HedTIHBIM
KPH3UCOM M CTPEMsICb K MOHOIIOJIMM Ha J00BIIy U
MIEPETOHKY OaKWHCKOM He(TH, Hobenmun
CIEKYTHpPOBaIN  CcIyXamMH 00 €€  HCTOIICHHH.
MeHzeneeB mokasanl HEOOOCHOBAaHHOCTH ITOJOOHBIX
CIlyXOB K HEyZoBOJIbCTBHIO Hobemnst. Mexy npounm,
mmenHo JI.W. Mennenees ecme B 1860-e rombr
NPEIOKWI  CTPOMTENILCTBO ~ HE(TENPOBOJIOB U
JOCTaBKy C HX IIOMOLIbIO CBIpOW HedTH B
Hentpansuyto Poccuro. Opnako HoGemu, xoporro
CO3HaBasg BBITOAY B 3TOM Ui ToCyJapcTBa
Poccuiickoro, OTHECIIUCH K €r0 IPEUIOKEHUIO KpaliHe
OTPULATENIFHO, IIOCKOJIBKY YBHIEIH B 3TOM YIIepO
cobcTBeHHOMY MOHOTOM3MY. OTHaKo poBHO yepe3 20
ner HobGemn ¢ ycmexoM BHEIPWIN NPENTIOKCHHE
MenzeneeBa Kak COOCTBEHHOE.

H.M. MuporoB koucyabTupoBan /.M.
MenneneeBa. llmeercst KapTHHA 3acCiIy>KCHHOTO
xynoxHauka YkpamHckoii CCP lBanma AHTOHOBHYA
Tuxoro (1927-1982 r1r.), Ha KOTOpOI mpodeccop
ocmarpuBaeT Jmutpus UBanosuua. M. A.Tuxuit monro
u3ydan  HCTOPUYECKHE  MaTepuanbl,  IHCHMa,
¢dororpadun ¥ KHUTH TeX JIET TMpPexIe, 4YeM
MPUCTYIUTH K pabote Hax kapTuHOH «H. U. ITuporos
ocmatpuBaer GoabHoro /. U. MengeneeBa". B
kaptuHe Jmutpuit MeHneneeB n3o0pakeH KpacUBBIM,
roxy0oria3siM, He OOJIBHEIM IoHOMIEH. KapTrHa Oplia
BBITIOJTHEHA 1o 3aKazy MunucrepcTsa
3apaBooxpanennss CCCP B 1964 romy u xpaHUTCS B
MOCTOSIHHOW ~ 3Kkcmosuimu B HammonansHOM
MeMOpHaabHOM KoMmIulekcHoM My3ee H. U. ITuporosa
B Bunnuie.

Ecmu 6561 5TH 7BOE BeNHMKHE HE BCTPETHIINCH, TO
MOXET  pa3BUTHE XHMHUH B  MHpPE  CHIBHO
3aropmo3minock Obl. s Bpaued Tema Bcrpeun JI.U.
Mengeneesa u H.M. IluporoBa wumeer BedHOE
u3MepeHue, MO0 BONPOC NPABHILHOW JTMarHOCTUKH
CTOUT OCTPO BO BCE BPEMEHa.

Homomns H.WU. Inporosa n U.1. Meunukony.
N »5T0 mpousomulo MO CTEUCHHIO  CIETYHOLIUX
00CTOSATENBCTB, IOATBEPXKIAas HApPOJIHYIO MYJIPOCTh
«He ObuT0 OBl CYaCThE, Ja HECcYacTbe IIOMOTIION.
M3BecTHO, YTO  YMHOBHMKAM HE  HPaBHINCh
€aMOCTOATENBHOCTb U He3aBucuMocTh H.U. ITuporosa,
JIEHCTBOBABIIIETO O MpUHIUIY: «S mobmo Poccwuro,
Jr00JII0 YeCTh POJUHBIL, @ He YuHbD». 13 mapra 1961 r.

umnepaTtop Poccun Anekcanap 11 u3manm mocThIIHBINA
yka3 00 yBoipHeHust H.U. Tluporosa oT nOmKHOCTH
IToneunrens KueBckoro yue6HOro okpyra, KOTOpomy
Torma wucmonHWIock Bcero 50 mer. Omcmaeky
Tupozosa Ovina socnpunsma ¢ Poccuu «kax 60abutyio
nomepio 0151 HApOOHO20 obpazosanusy. «Omcmaska
H U Ilupozea mep3eiiux aen gypakoB npoTuB Pycu

Pa3BHUBAIOILEHCS (A.N.T'epuen B JKypHaie
«Konokom».
OpHako, MO HACTOSIHMIO HOBOTO MHHHCTpA

HapoaHoro npocsemeHust A.B. T'omosuna (B 1962 1.)
H.W. IluporoBy mnopyuuiau KypuUpOBaTb MOJIOABIX
POCCHICKHX YUSHBIX CTAXXMPOBABILIHMXCS 32 PyOEKOM.
B te roapr B EBpone Haxonunuck 6osee 100 pycckux
craxepoB. Cpenu Hux Obutn .M. Ceuenos, JI.U.
Mengenees, A.I'. CroneroB, K.A. Tumupsizes, C.M.
Conosees, I1.B. Kupeesckuii, JI.H. MozazaneBckuii u
JpyTHE, CTaBIIUE MO3XKE BBINAIONIMMUCS YYEHBIMH B
pasueix cepax Haykm. Kak Bcerma, Huxkomaii
VIBaHOBHMY B3sJICS W 3a 3Ty pabOTy TOXE TBOPUECKH,
CTPACTHO U C OrPOMHOM moJib30i st Poccun.

A 1o cy66otam [Iuporos cobupan y ceds moma
CTYZIEHTOB JJIsl OOCY’KJCHUSI BOJIHYIOIIHE UX BOIPOCHI.
H.A.Momzanesckuii  BcmoMuHan «Yacto  Takxke
cobupaemcst y [Tuporosa. Ito Ham matpuapx. S emé
HE BHJBIBAJ YEIOBEKa CTOJIb YEJIOBEYHOIO: TaK OH
IPOCT ¥ MECTE C TeM INIyOOK. Y TUBUTEIBHO BCETO, KaK
STOT 4eJOBEK TaKUX JeT U YUHOB MOT COXPAHUTHCS BO
BCE 4YHMCTOTE, M IIpUTOM K€ y Hac Ha Pycu,
MEPENKUBIINH LIENOE HUKOJIAEBCKOE HAPCTBOBAHUEY.

[TuporoB cam BeIe3kaT B 25 yHHBEPCHUTETHI
IBeiinapuu, Wramuu, @Ppanumu U AHINIMH, THe
YUWINCh CTYJIEHTBl W3 Poccum ¢ nenpro u3ydeHus
MporpaMMbl ¥ ONbITa OOY4YEeHHS B  BEAYIIHX
yHuBepcurerax Epomnbsl.  XopataiictBo Iluporosa
CBITPAI0  CyABOOHOCHYIO pOJb B  OCTaBJICHUH
Jm.MeunukoBa B EBpore aiis Ipo10JIKeHHsI HAyYHOTO
UCCIICIOBAaHMSA, YTO 3aBEPIIMIIOCH MPUCYKACHHUEM B
1908 romy emy HoGeneBckoit mnpemun 3a
(aroUTapHy0 TEOPUIO UMMYHHTETA.

INocne 3HAKOMCTBa € BBIJAIOIIAMCS 300JI0TOM
Toro BpeMeHH Pymomedom Jletikaprom y U
MeuHuKOBa BO3HHKIIO MIJIAMEHHOE JKEJIaHHE OCTAThCS B
lepmarnn 1S TIPOJOIDKEHUST Hay4HOW paboThel. Ha
MIOMOIIb POAMTENIE OH HE MOl pPacCUMUTHIBaTh. P.
Jleitkapr mnocoBetoBan M. MeyHUKOBY JINYHO
oboparutbeca k H.U. IluporoBy, xoTopelii oTHeccs K
xesanuto 19-neTHero craxepa ¢ 00JbIIMM BHUIMaHHEM
W BBIXJIONOTA €My CTHUICHIWI0 MMHHHCTEPCTBA
HapOJIHOTO MpocBeleHus Ha aBa roja (mo 1600 B rox).
Yepes rog mo mpeaBapuUTESIbHONW JTOTOBOPEHHOCTH OH
npuexan B Heanons x H.W. [TuporoBy ans otuera. Bot
kak caM . MeuHHKOB ONHCBIBa€T 3Ty BCTpEUy:
«[IuporoB  mpuHAT  MeHS  OYeHb  JHOOE3HO,
paccrpaiyBal 0 MOUX 3aHATHUSX, O HEANOJIUTaHCKOU
(ayHe, 0 MOMX IUIAaHAX Ha JalbHelmee OyyIiee U Ipu
9TOM BBIKa3asl ce0si He HAa4aJbHUKOM, a JOOpeHInm
PYKOBOJIUTENIEM, CHUMIIATUYHBIH XapakTep KOTOPOTO
3areyvatiiesics y MEHS Ha BCIO )KU3HbBY.

B 3axmtoueHnn oTMedy, 94TO c4acThe B TOM, UTO
OHa Ha BCEX /APaMAaTHYECKHX CEpIAHTHHAX |
TpParmdecKUX MOBOPOTaX CBOEH  HCTOPUH  HE
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ocraBajach B  OAWHOYECTBE 0€3  I'CHUAJBHBIX
MpOCBETUTENIEH U OTBaXKHbIX mpopokoB! Mx Bcerma
Obuto0 Mano, HO oHHM Obutn! ['eHuMM mpocBeuieHUs U
COBECTH HUCXOJAT K HaM He 4acTo, HO [ 'eHun Bcerja,
MOHMMasl JIIOACKYI0 HE O0O0YCTPOEHHOCTh M, OCBEIIas
CYMpaKH HaJIe)KJI0H, B3bIBas K yCTaBIIMM POCCHSHAM C
MOJBOOH: HE CIOMAThCS, BCTAaTh, UATH, MPOIOJDKATH
JKUTh M CO3WAATh BOIPEKH BceMy. Poccust He Bcerna
Oynmer o00e3MONEHHON, YHIDKEHHOH, OTBEprHYyTas,
KOPPYMITHPOBAaHHOW M 0€3 ycTain 0OBOPOBBIBAEMOH,

TBOPUECKHUX,  TEPOMUYECKHUX, MNATPUOTHUHBIX U
0eCMOKONHBIX INYHOCTAX, Kak Hukonait [TMPOTI'OB!
JIuteparypa.

1. Kucenés A.C. «ITuporos Huxomnaii iBanoBu4.
CtpaHuIbl )KU3HH BeJIMKOTo Xupypra» M. 2018 r.

2. MeunukoB U.M. «CTpaHHIbI BOCTIOMUHAHHID
M. 1946 1.

3. Meunuxos 1U.U. «Otroner ontumusmay. 1907 1.

4. Iuporos H.M. «Bompockr xu3au. M30panHsIe
negarorndeckue counuenus» M. [Iemarornka. 1985.

100 oHa 00JIa1aeT TCHETUKOM POXKIATh TeHUEB, TEPOCB, 5. Pesmmk Cemen «MeunukoB U.MN.»
u OyHTapeif, xakum Obu1 m Hukomait MBamosmu  JK3JI. M. 1973.

[Tuporos toxe. Poccus, e€ 6orarcTBa, epCreKTHBEI U 6. ®wuryposckuii H.A. «Mengpenee /. U.»
yIpaBJeHUs, KaKk HUKOTZa paHee, octpo Hyxaatorcs  JK3JI. M. 1974 r.

CerofHS M BcerJza B TakuX MPOCBELICHHBIX, 7. IOguna TI'.C. «['eHmit pycckoit Xupypruu

(H.A.IMuporos)». Cnb. 2010 .
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BJINSIHUE MEJAKCEHA HA ®YHKIIMOHAJIBHOE COCTOSIHUE ITOYEK,
NEPEKNCHOE OKUCJIEHUE JUIINJ10B U HAKOIIVIEHUE METAJIJIOB ¥ KPBIC B
YCJOBHUSIX COYETAHHOI'O IPUMEHEHMS COJIEN KAJIMUS, CBUHIIA U IUHKA.

DOI: 10.31618/ESSA.2782-1994.2021.3.68.25

Abstract. The research presents the effect of melatonin at a dose of 10 mg / kg on the renal water-electrolyte
excretory function, on the degree of heavy metals’ accumulation in the tubular bones of rats, and the activity of
lipid peroxidation and antioxidant cell defense in isolated and combined use of zinc chloride at a dose of 1 and 20
mg/kg, lead acetate at a dose of 20 mg/kg, and cadmium sulfate at a dose of 0.5 mg/kg. It was found that in the
intragastric administration of heavy metals, the level of diuresis against the background of melaxen introduction
was lower than in the isolated use of metals. The renal electrolyte-excretory function of rats using melatonin in
conditions of cadmium, lead and zinc intoxication was characterized by a decrease in the excretion of potassium,
sodium and calcium compared to the indicators of the animals with the only metal salts introduction. Proteinuria
was observed in all experimental groups, with the exception of the group with combined introduction of zinc
chloride at a dose of 1 mg / kg and melatonin. Application of melatonin under conditions of intoxication produced
by heavy metals helped to reduce the severity of LPO reactions; decalcification of bones and a decrease in the
accumulation of metals in the animals’ bone tissue were noted.

AuHoTanusi. B pabore mpeacraBieHo BiusHME MeJaroHMHa B go3e 10 Mmr/kr Ha  BoOJO-
QJICKTPOJIUTOBBIACTIUTCIIBHY IO (bYHKL[I/I}O IIOYCK, Ha CTCIICHb HAKOIIJICHUA TAXCIIBIX MCTAJIJIOB B pr6an1)1x KOCTIX
KpBIC M aKTUBHOCThH nepekucHoro okucienus aununos (ITOJI) n antnokcmpantHOW 3amuThl Kinetok (AO3) B
YCJIOBUAX U30JIMPOBAHHOTO U COYETAHHOI'O BBEACHUA XJIOpUAa HUHKA B 103€ 1u?20 MF/KF, anerara CBMHIIA B 103€
20 mr/kr u cynedara kaamus B 1o3e 0,5 Mr/kr. BoisiBIeHO, YTO NMpH BHYTPIIKEITYJOYHOM BBEJACHHU TSDKEIBIX
MCTAJUIOB YPOBCHb AWYpE3a Ha (1)0He BBCJICHHS MCJIATOHMHA OKa3aJCsad HUKE, 4YeM IpHU H30JIHMPOBAHHOM
HUCIIOJIb30BAaHUM METAJLJIIOB. 3J‘I€KTpOJ'II/ITOBI)I,HeJ'II/ITCJ'ILHaSI q)yHKHI/IH IMOYCK KpbIC C BBCJACHHWEM MCJIATOHWHA B
YCIIOBHUAX KElIIMI/ICBOﬁ, CBI/IHHOBOfI )5 L[I/IHKOBOf/'I WHTOKCHUKAIIUN XapaKTCpU30BaJIaCbhb CHUKXCHUEM OKCKPECIHUU
KaJiuAa, KaJdblOusd U HaTPpUA C MOYOH o CPaBHCHHUIO C IMOKA3aTCIIAMHU B I'pyIIax XUBOTHBIX C BBEACHUEM TOJILKO
cojeil MeTalioB. Bo BceXx OMBITHRIX Tpymmax HaONIONanack NMPOTEHMHHUYPHS, 332 WCKIIOYEHHEM TPYIIBI C
BBCICHUEM XJIOpHU A HUHKA B 103€ 1 MF/KF 1 MEJIATOHUWHA. HpI/IMeHeHI/Ie MCJIATOHWHA B YCJIOBUAX MHTOKCHUKAIIUN
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TAXKEIBIMU METAJIJIaMU CHOCO6CTBy€T YMCHBIICHUIO BBIPAKCHHOCTHU peaxunﬁ HOH, OTMEUYACTCA ACKAJIbLIMHALIUA
KOCTEH M CHIDKEHHE HAKOIUIEHHS METAJJIOB B KOCTHOM TKaHU KUBOTHBIX.
Key words: heavy metals, cadmium sulfate, zinc chloride, lead acetate, melatonin, lipid peroxidation.
Knmiouesvie cnosa: msoicenvie memaiilvl, chqubam KadMu;z, xzzopua YuHka, ayemam ceuHya, mMejaantoHuH,

nepeKkucHoe OKucjieHue JIUNUO08.

Beenenne. 13BecTHBIM CBOWCTBAM  TSIXKEIIBIX
METaJUIOB BIUATh HAa (PYHKIMHM MHOTHMX CHCTEM U
OpPTaHOB TIOCBSIIIEHO MHOXKECTBO HAYYHBIX pPadoT.
M30pITOYHOE TOCTYIDIGHHE JTHX OSKOTOKCHKAaHTOB
TPHBOJIAT K TIOBPEKICHHUIO TTeueHu, mouek [1,2,3,4,5],
CHCTEMBI KpoBH [6] 1 KpoBOOOpaIIeH s, ABIXATETbHBIX
nyTteid. OtHaKo MeTo10B 3P PEKTUBHOM MPOPHUIAKTUKI
MHTOKCHUKAIIMM  TSDKENBIMH ~ METaUIaMH  HEMHOTO.
OnHUM U3 HUX SIBJISETCS UCIIOJIb30BaHHE MEJIaTOHUHA,
KaKk BEIIECTBA, OKa3bIBAIOLIETO YEpPe3 MHOXECTBO
pELEenTOpOB pEryyupyloliee BIUSHAE Ha (YHKIHUN
nouek [8]. Kpome Toro wmenaroHun ob6namgaeT
AHTHOKCHIAHTHOM, MPOTHBOBOCIIAUTEHHOMN,
AHTHATIONITO3HOH W MMMYHOMOIYJITOPHOU (opMoit
aktuBHoctH [7,9,10]. B Hamieii pabote uccienroBaHbI
3¢ ¢dexTsr MenaToHnHa Ha QyHKIIH modek u AO3 npu
XPOHHYECKOH MHTOKCUKAIIMH COJIIMHU KaJMHUsI, CBUHIIA
Y IIMHKA B Pa3IMYHBIX 032X ¥ COYECTAHUSX.

MeTtoas! ucciaenoBanus. ONBITH POBEICHHI Ha
Kpblcax camiax juHuM Bucrap maccoit 200-300r.,
MOJICNICHHBIX Ha Heckonpko BapuantoB (n=90): 1)
(oHOBBIC (MHTAKTHBIC) KPBICHI, 2) JKHBOTHBIC C
BHYTPMIKENIyJOYHBIM  HCIIOJIb30BaHHEM  alerara
ceuHna B go3ze 20 Mr/kr m MemaroHuWHa (Tpemapat
«Menakcen»); 3) KPBICHI C BBEACHHEM XJIOPH/Ia [IMHKA
(1mr/kr) + MenaToHuH; 4) KPBICHI C HHTPAracTpajJbHbIM
BBEJECHHEM COJIM IIMHKA B J103€ 20 MI/KT + MEJIaTOHMH;
5) KpbIChI C COBMECTHBIM BBE/ICHHEM alleTaTa CBHHIA
20 mr/kr u xnopuma nuHKa 1 Mr/kr + menatoHuH; 6)
J)KMBOTHBIE ¢ BBejeHHeM coid cBuHUA 20 MI/Kr u
xyopuaa uuaka 20 Mr/kr + MenaToHuH; 7) KPBICHI C
BHYTPHIKEIJIyIOYHbIM BBEJCHUEM Cylib(ara KaJMUus B
no3e 0,5 Mr/kr + MenaToHUH 8) KPBICHI C COYETAHHBIM
BBesieHHeM cyibdarta xammust 0,5 Mr/kr u xjopunaa
uuHka 1 Mr/krtmenaronus;  9)  KpBICBI €
UCTIONB30BaHUEeM cynbdara kamgmus 0,5 mr/kr u
xyopuaa uHKa 20 MI/Kr + MeJTaTOHHH.

JKuBOoTHBIC BO BpeMs SKCIIEPHMEHTA HAXOJFITUCh
Ha OOBIYHOM THIIEBOM pAIliOHE M UMENH JOCTYI K
nuie 1 Boae. CBETOBOM pPEXUM - €CTECTBEHHBIN.
OKCHEepUMEHThl OCYIIECTBISJIM B COOTBETCTBHU C
«MexayHapo/Hble PEKOMEHJAlUK 10 IPOBEICHUIO
MEINKO-OMOJIOTHIECKUX HUCCIIEIOBAaHUMN C
HCIIOJI30BAHUEM J1a00PAaTOPHBIX KUBOTHBIX» (1985),
11-o0ii craTheit XenbCHHCKOHN AeKnapanun BeemupHoi
MEIUINHCKOM accouuanuu u MpaBUJIaMU
nabopatopHoil mpakThku B P® (mpukaz M3 PO or
01.04.2016 r. Ne 199). PactBop cynbaTa KaaMus B
no3uposke 0,5 MI/Kr Macchl (B repecueTe Ha MeTasl),
muHKa xyopuaa B go3e 0,1 mr/kr u 20 Mr/kr, a Takxke
anerata cBUHOA B jgo3e 20 MI/Kr  BBOJWIH
MHTparacTpajibHo, exeqHeBHO B TeueHue 30 nHeil. B

KayecTBe TIIperapara MeENaTOHHHA WCIIOJIB30BAICS
CHUHTE3UPOBAHHBIM aHAJIOr TOpPMOHA IIMIIKOBUIHON
xKenme3sl mpemapatr «Memakcen» B mo3e  10mr/kr,
KOTOPBI BBOOWIM TakKe C IIOMOIIBIO 30HIA B
JKENyAOK, KaXIbld JEeHb B TedyeHue Mecsua. s
n3ydeHUs] (PYHKIMH T0YEK B YCIOBHUSIX CIIOHTAaHHOTO
JIUype3a KUBOTHBIC MOMEIIATUCH B OOMCHHBIC KJICTKH,
IJIc B TCYCHHUE IIECTH YacOB Y HHUX COOMpanach Mova.
Ilo ucTedyeHMM BpeMEHU DSKCIEPUMEHTa >KUBOTHBIC
3a0MBAUCh TOJ] HAPKO30M C THOICHTAJIOM JUIS
HCCIIeIOBAaHUS TKaHEW M mia3Mbl. B miasme KpoBU U
MOUYEe OIpenesIach KOHICHTpAUUsS KpeaTHHUHA,
0011eTO Oenka, o0miero KaJIBIIAS Ha
cnekrpodoromerpe PV1251C-26 ¢ momomisto HabopoB
«AratMen» (Poccust), comepkaHre HATPHUS U KaJHs C

TIOMOIIBIO TUTAMEHHOH ¢doromerpun Ha
ABTOMATH3MPOBAHHOM IDIaMeHHOM (poTomeTrpe DAII-
2. Pacuér HoKazaTenen BOJIO - u
3JIEKTPOIUTOBBLACTUTEIBHOMN byHKIMN MOYeK

npou3Bo UM 1o popmyiam Hatounna 10.B. (1974). B
NOATOTOBJIEHHBIX MHWHEPaJM30BaHHBIX Mpobax (1o
I'OCT26929 u 30178-96) onpeaessiioch coaepKaHue
KaJIBIUS C MOMOIIBIO CHEKTPOGOTOMETPa, a KaJMHs,
CBMHIA W LWHKA - Ha aTOMHO-a0COPOLMOHHOM
cuekrpodoromerpe («KBant-ADA»). Conepxanne
OeJka onpeessii CIIEKTPO(OTOMETPHIYECKH (armnapat
CD-26). Coneprxanue 001Iero KabIus IIa3Mbl KDOBH
U3MEpSUTH  CHEKTPOYOTOMETPHYESCKH C  HOMOLIBIO
anmapata PVI1251C-26. OO0paboTka pe3yJbTaToB
UCCIICZIOBaHUS, UCXOJsl M3 KOJMWYECTBa BBIOOPOK M
HOPMAJILHOTO  paclpefiejieHusl psIOB  CPaBHEHHS,
ycTaHoBlIeHHOro 1o kpurepuro Illanupo- Vwuika
(Wd>>Wm), mpoBoauIach ¢ MPUMEHEHHEM KPUTEPHUS
«t» CTpIOJICHTA C HCHOJIB30BAHUEM IPOTPAMMBI
GraphPad Prizm 6.1. O Hanuuuu GaKTOPHBIX BIUSIHUN
CYWIIH MIPU KPUTHYECKOM YPOBHE JIOCTOBEPHOCTH ()
menbeM 0,05. JInreitHbi K03 PUIuEeHT KOppemsuu
[Mupcona (r-Pearson) BBIYMCISUIH, NPUMEHSS MAKeT
nporpamm  Microsoft (EXEL). Jlnst pacuetoB u
MOCTPOCHHS TPAQUKOB HCIIOJIb30BAIHCH HPOrPAMMEI
MICROSOFT EXEL.

PesyabTaThl m uUX o6cy:kaeHue. VccnenoBanus

MoKa3ajii, 4YTO COBMECTHOE C  MEJIAKCEHOM
HUCIIOJIb30BaHNE conen KaJaMHUsI " CBHUHIIA
CII0cOOCTBOBAJIO HEKOTOpOMY MMOHMYKEHUIO

TOBBIIIEHHOTO (OTHOCUTENILHO ()OHOBBIX 3HAYCHHH)
MPH HM30JMPOBAHHOM BBEJCHUM METAJUIOB, YPOBHS
CIOHTAHHOTO JHUype3a, 4YTO ObUI0 00yCIOBICHO
3aMeJJICHHEM CKOPOCTH KIIyOOYKOBOW (riibTpamnun
(CK®) u moBbIIICHHEM KaHAIBIEBOW peabcopOuuu
Boxsl (KPB) (puc.1).
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Puc.1. Buusinue meramonuna na ouypes u 60008bl0eIUMENbHYIO QYHKYUIO NOYEK 8 YCII0BUSX XPOHUUECKOU
UHMOKCUKAYUU CONAMYU MEMAILIO8.

B rpymmax c¢ co4eTraHHBIM BBEJICHHEM COJIEH
METaJUIOB, MeJIaKCceHa M XJIOpu/ia IMHKA B o3¢ 1 MI/Kr
n 20 Mr/kr Taxke HaONIOAANTach MOJIMYpHUECKas
peakysi, OJHAKO MEHee BBIPAKCHHAs, YeM IIpu
M30JIMPOBAHHOM HCIIONIB30BAaHUN Cyib(daTa KaaMus 1
aleTaTa CBUHIA.

DJEeKTPOIUTOBBLACIUTENbHAS QYHKIUSA TOYEK Y
KpBIC C BBEJICHHEM MeEJaKkceHa Ha (oHe KaJMHEBOH U
CBHHIIOBOM  HHTOKCHKAIIMM  XapaKTepU30Balach
normwkenueM (p<0,001), oTHOCUTENHHO 3HAYCHUH B

ONBITAX  C  H30JMPOBAaHHBIM  HCIIOJb30BAHHEM
METaJJIOB, 3KCKPELUH KaJbLUs, HATPUS M Kalus C
MOYOH, OJIHAKO, 3TH IIOKa3aTeld OCTABAIMCh BBIIIE
¢oHoBEIX  3HaueHwi  (tabn.l). Hcmonp3oBanne
MeJlaKkceHa Ha ()oHe BBEJICHMS XJIOpH/a IIMHKaA B 103¢ 1
MI/KI HE BBI3BIBAJIO M3MEHEHHH B BBIBEICHHU
AIeKTponuTOB, a B 1o3¢ 20 MI/KT NpUBOAMIO K
yBenudenuto  (p<0,05), orTHOCcHTENHHO (OHOBOTO
YPOBHSI, HATPHI- KM U KaJdbluype3a.

Tabm.1.
BiusiHMe MeJIaATOHHHA HA IKCKPEHHIO 2JIeKTPOIUTOB U (eJIKa MPU BHYTPHIKETYI0YHOM BBeIeHHH

Cy.]'lb(l)aTa KaJMus, aleTaTa CBUHIA U XJIOPpU/IA IMHKA Y KPbIC.

D Ca ONa DK D Oenka

Crar.

TiokasatTeib MKMOJIb/9ac/100r mr/4ac/100r
Do Mtm 0,220,003 12,440,015 6,120.14 1,2040,01
Mtm 0.23+0,06 12,520,09 6.1940.13 1.2240,02
Zn1+M b

o0 M;m 0,26i;),009 12,6;:)0,08 7,24;0,07 2’1%’)’001
P Mim 0,330,005 14,22+0,09 8,12+0,08 2,35+0,04
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P *) ) *) %)
Ph+M M+m 0,25+0,003 13,5+0,12 7,93+0,07 2,53+0,05
Pb+Zn1+M Mim 0,24+0,011 13,140.1 7.34+0,15 2,4+0,005
Pb+Zn20+M M£m 0,3440,012 13,67+0,08 7,44+0,014 2,55+0,03
M+m 0,34+0,001 14,12+0,12 7,92+0,07 2,35+0,41

Cd

P ") *) *) *)
Cd+M M+m 0,260,009 13,240,05 7,35+0,11 2,3+0,04
M+m 0,27+0,007 12,56+0,04 7,22+0,14 2,23+0,05

Cd+zZnl+M P % %) 59 "
M=+m 0,28+0,01 13,82+0,12 7,45+0,08 2,31+0,03

Cd +Zn20+M P *) *)**)***) *)**)***) *)

*)—no omHowleHuIO K POHOBLIM ZHAUCHUAM;

**)

-NnO OMHOWEHUIO K 3HAYEHUAM 6 cpYynnax ¢ u30JupoeanHbim 66e0eHUeM memanios,

***) - NO OMHOUWLEHUIO K 3HAYEHUSM 6 cpynnax ¢ CO4emaHnHnbim 86edeHUeM conell YUHKA U MelamOoHUHA.

B rpymnmnax
MHTOKCUKalMeil Ha (OoHEe BBEACHHs MeJaKceHa IpHU
JIOTIOJTHUTEIBHOM HCIONB30BaHUM XJIOpHJa LUHKA B

C

KaJIMHEBON

CBHMHIIOBOM

rugponepekuceit (I'Tl) B miasme kpoBu (Tabin.2).
B OTUX OIbITax TMPOABUIIOCH

Vruerenne AQO3

CHMXKCHHUEM

AKTUBHOCTHU

CYNEPOKCUAANUCMYTA3bl

moze 20 MI/KT TakKe OTMEYaloch IOBBHIIICHHE
(p<0,001) BBIBemeHWsI ¢ MOYOW KanblWs, HATPHA U
KaJusg OTHOCHTEIbHO (oHA. BHyTpmxemymouHoe
BBEJCHHE XJIOpHAAa O[WHKA B 1o3¢ 1 Mr/kr B
AHAJIOTUYHBIX YCIIOBHSIX CIIOCOOCTBOBANIO HEKOTOPOMY
noHmwkeHuto (p<0,05) skckpenmu Kanblus, HATPUS U
KaJusi OTHOCHUTEIbHO 3HAYCHUH C W30JMPOBAHHBIM
UCIIOJIb30BAaHHEM COJIed MeTasioB. Bo BceX ONMBITHBIX
rpymmax OTMEYaiach BBIPAXKCHHAS MPOTCHHYPUS, 3a
HCKJIFOUCHHEM TPYIIIbl ¢ BBEJICHUEM MEJIaTOHHWHA Ha
¢one xyopuaa nuHka 1 mr/kr (tadi.1).

W3yuenne aktuBHocTH cuctembl [IOJI vy
JKUBOTHBIX TIOYTH BCEX OIBITHBIX TPYII BBISBHIO
yBemmuenue  (p<0,001) otHOCHTENMBPHO  (POHOBBIX
3HAYCHWH, CONIEpXKaHHS MAIOHOBOTO THANIbACTHIIA
(MJIA) B SPUTPOIHUTAX u HaKOIJICHHE

(COO) wm karama3pl. VIHTaKTHBIMH OKa3ajHCh 3TH
MMOKa3aTelH Y KPBIC C IPUMEHEHUEM XJIOpUAa [IMHKA B
no3e 1 mMr/kr Ha ¢oHe BBeneHUs MenaToHnHa. Clemyer
OTMETHTH, YTO B TPYIIIC C BBEACHHEM XJIOPHAA ITHKA
B m03¢ 1 Mr/kr Ha (hoHE MCIOIH30BAHUS MEIATOHHHA
pd KaAMUEBOM UM CBUHLUOBOM  HMHTOKCUKAIMHU
conepxanue ['TI u MJIA moBBIIIanock, HO OBLTO HIKE,
YeM MpPU H30JMPOBAHHOM IPUMECHEHUH CyJbdara
KaJaMusl U alerata CBUHIIA COOTBETCTBEHHO. YPOBEHb
COA wu xaraja3pl B Tpynme ¢ COYECTAaHHBIM
MPUMEHEHHEM METaTOHUHA M XJIOpHIa ITMHKa B Jj03e 1
MI/KT Ha ()OHE BBEICHHS COJH KaIMHUS HECKOJIBKO
moseimancs (p<0,05), OTHOCHTENBHO TTOHMKCHHBIX
M30JIMPOBAaHHBEIM  BBEIACHWEM MeETaJUla 3HAYCHHA
(Tabn.2.).

Tabmn.2

Biansinue MmejiatonnHa Ha akTuBHOCTH I1OJI u cocrosinue AO3 Nnpu UHTparacTpajbHOM BBECICHUU
cy.nbcl)aTa KaJIMusl, aneraTa CBUHIA U XJIOPU/IA IMHKA Y KPbIC.

Crar. ITI MJIA CO/1 Karanaza
TIOKa3aTellb MKMOJIB/JT (em.mHr.) (Me/rHb)
tdhon M+m 4,1+0,09 27,2+0,35 65,740,15 6,1+0,28
Znl+M M+m 4,11+0,08 27,4+0,9 65,8+0,18 5,9+0,83
P
Zn20+M M+m 4,7+0,07 28,2+0,085 62,4+0,22 5,52+0,06
P *) *) *) *)
Pb M+m 5,2+0,12 28,42+0,07 60,14+0,8 5,3+0,09
P *) *) ) *)
Pb+M M+m 4,95+0,012 28,24+0,05 61,13+0,18 5,5+0,07
P *) *) *) *)
Pb+Zn1+M M+m 4,840,042 27,23+0,14 61,4+0,85 5,32+0,13
P *)**)***) *)**)***) *) *)
Pb+Zn20+M M+m 5,42+0,04 29,8+0,7 61,3+0,72 5,1+0,81
P *)***) *)**)***) *) *)
Cd M+m 5,3+0,04 28,12+0,08 62,13+0,9 5,5+0,1
P *) *) *) *)
Cd+M M+m 4,93+0,2 28,3+0,1 63,5+0,3 5,640,123
p *) *) ) *)
Cd+Zn1+M Mtm 4,79+0,03 27,35+0,09 64,7+0,3 5,134+0,04
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P *)**)***) *) *)**)***) *)**)
Cd+Zn20+M M+m 5,540,12 30,9+0,05 61,5+0,83 5,2140,09
P *)**)***) *)**)***) *) *)**)***)
F)EFYVE*X) - snauenus kax 6 maon. l.
ConepkaHue IIMHKa B KOCTSX JKMBOTHBIX B  3HAUUTEIBHO YBEIMYUBAJIOChH (p<0,001) u

rpynmnax ¢ COUYCTaHHbIM NPUMCHCHUEM UCIIOJIb3YEMbIX
CcoJie METaJIoB Ha (bOHe BBCJACHUA MCJIaTOHHWHA

COIPOBOXKIANOCh JI€KaJIbLMHALUEH KOCTHOM TKAaHU
(Tabn.3).

Tab6mn.3.

Bausinue Me1aTOHHHA Ha cofiepKaHHe KaJbIUsl, HIMHKA, CBHHIA U KAIMHUS B KOCTSIX PH
BHYTPMIKeJTYA0YHOM BBeJleHHH CyabdaTa KaJMHus, alleTaTa CBHHIA M XJIOPH/IA IMHKA Y KpPbIC.

Crar. Zn Cd Pb Ca
TTOKa3aTelb mr/100r mr/100r wmr/100r r/100r
hon M+m 67,7+1,2 0,03+0,001 19,1+0,03 250+3,2
Zn1+M M=+m 87,3+0,4 - - 248+1,3
P *)
Zn20+M M+m 102,1£1,2 - - 210£1,2
p ) )
Cd M+m - 0,1+0,004 - 149+1,12
p *) )
Cd+M M+m - 0,09+0,001 - 151,5+0,85
P *) )
Cd+Zn1+M M+m 85,4+0,9 0,12+0,002 - 155,3+1,21
P *) *)x) i i) i)
Cd+Zn20+M M+m 103,2+0,83 0,17+0,04 - 144,8+0,95
P *) *)x) i i) i)
Pb M+m - - 51,3+0,8 153,5+0,9
P ) %)
Pb+M M+m - - 50,9+0,48 155,2+1,1
P *) )
Pb+Zn1+M M=+m 88,5+0,5 - 98,5+0,5 160,3+1,2
P *) *)**)***) *)**)***)
Pb+Zn20+M M:£m 99,75+0,35 - 99,75+0,35 159,5+0,95
p *) *)**)***) *)**)***)
FYRR)REX) - snauenus kak 6 maon.l.
Conepxanue KaaMmusi B KOCTSIX KPBIC C  TOKa3arelssMH B Tpymmax ¢  H30JIMPOBAHHBIM
UCIIONIb30BaHKUEM Cyib(aTa KaaMHs U XJIOPH/JA [IMHKA  BBEJCHMEM  METAJUIOB, a4  TaKkkKe  CHIDKCHUH

B Ppa3HbIX JO3UPOBKax Ha (OHE MPUMECHEHUS
MeJIaTOHMHA 3Ha4uTeNbHO ToBbimaercsa (p<0,001) u
OTHOCUTEIIbHO (JOHA M OTHOCHTEJIBHO 3HAYCHUI B
rpyIIIIe ¢ IPUMEHEHUEM TOJIbKO COJIM Kaamust (Tad:1.3).
B sTux ke rpynnax ormevaercs nonmwkenue (p<0,001)
KaJIbIIMsl B KOCTHOM MaTpPHKCE, Han0O0JIee BhIPpaKEHHOE
TIPY BBEJICHUH COJIA KaMUsI ¥ XJlopuaa uaka 20 Mr/kr
W MellaTOHWHA. 3HaunTenbHoe yBenmdeHue (p<0,001)
0 CPAaBHEHUIO ¢ POHOM, COJICpKAHUS CBUHIIA B KOCTSIX
XapaKTepHO W JUIS KUBOTHBIX, IOJYYaBIIMX aleTar
CBUHIIA Ha (OHE BBEIICHHS MEIATOHWHA W ele Ooee
BEIPQ)KEHHOE TP  KCIIOJB30BAaHHMA KOMOWHAIIUU
XJIOpUAa HuHKA B 03¢ 20 MI/KT ¢ MEJTAKCEHOM M COJIBIO
cBuHna (Tabm.3). Takke XapakTepHa BBIpaKEHHAsS
MOTEPST KAJIBIUS KOCTHOW TKAHBIO Y JKUBOTHBIX ITHX
TPYII [0 CPaBHEHHIO C ()OHOBBIMH 3HAYCHHUSIMH H
OTHOCHTEIILHO ITOKa3aTejeii C BBEACHHEM aIlleTara
CBUHIIA Ha (POHE TOJIHKO MEITATOHUHA.

Takum o0pa3oM, BIMSHHE MEJNAaTOHWHA Ha
(DYHKIIMK TIOYEK Y KPBIC B YCIOBHSAX HHTOKCHKAIIUU
COJISIMHM [IMHKA, CBHHIA W KaJMHs MPOSBISAETCS B
HEKOTOPOM YMCHBIICHHH JUype3a W HKCKPEIUU
KaJbllis, HATPUS H KaJKsi 10 CPaBHEHHIO C

BeIpakeHHOCTH peaxuuit IIOJ] u ctenmenn HaKomIeHUs
TSXKEJBIX METAJNIOB B KOCTSIX.
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EPIDERMAL GROWTH FACTOR RECEPTOR, HUMAN TELOMERASE SUBUNIT -
HTERT, PROTEIN KINASE D1 AND P16'"N%4A IN NORMAL KERATINOCYTES AND
PREMALIGNANT LESIONS OF SKIN AND ORAL CAVITY.

Abstract. lIdentification of mutations as markers for early malignant transformation could be more
appropriate not only for early diagnosis of cancer but could potentially influence treatment strategies in HNC,
since mutations in EGFR and Ras genes are closely associated with resistance to cancer treatment. Mutations in
Ras, p53 (early), the gene of EGFR (in BCCs not detected), and HTERT promoter could be used as markers of
cancer transformation. Mutations in p53 are detected early in PMDs, associated with high risk for early
transformation into Oral SCC. Mutations in Ras are not detected in Potentially Malignant Disorders (PMDs), with
exception of Actinic keratoses (AK), Keratoacanthomas (KA) and papillomas. Since increased expression of
hTERT is an early event in the pathogenesis of hyperproliferative skin deseases, overexpressed hTERT is
considered as a proproliferative (proinflammatory) marker, rather than cancer marker, in contrary to its mutations.
Mutations in HTERT are detected in both Spinocellular carcinoma (SCC) and Basocellular carcinoma (BCC), UV-
signature.

Increased expression mainly of MMP-9 and MT1-MMP (MMP-2), are now considered as markers for
aggressive cancer phenotype in both cancers. Using EMT markers (vimentin, fibronectin, N-cadherin, vs, E-
cadherin; and transcriptional factors - Snail, Slug, Twist; HIF-1a, a-SMA), we could not differentiate late PMDs
of early cancer lesions. These markers are useful for detection of aggressive alteration in tumour pathogenesis,
which is of importance when a surgical procedure is planned. COX-2 stain was highest in SCCs and aggressive
BCCs. Increased expression of PKD1 was detected in BCCs in contrary to SCC. There is no currently data for the
expression of PKD1 in PMDs, leading to SCC, nor for detected mutations in PKD1 gene in SCC and BCCs. PKD1
is upregulated and down-regulated in BCC and SCC, respectively. We speculate here that the molecular
mechanism - increased NFkB-hTert-PKD1-NFxB-hTert, resulting in p16'™%4 mutations and turn of PKD1
function, is connected with the progression of chronic inflammation in cancer development.
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Keywords: PKD1, Protein Kinase D1, hTert, EGFR, p16'™K4& mutations, MMPs, Metalloproteinases, PMDs,
Potentially Malignant Disorders, Leukoplakia, Erythroplakia, Actinic keratose (AK), Keratoacanthoma (KA),
SCC, Spinocellular carcinoma, BCC, Basocellular carcinoma;

Abbreviations:

1. PMDs - Potentially Malignant Disorders

2. SCC - Squamous cell carcinoma (Spinocellular
carcinoma)

3. 0SCC —oral SCC

4. cSCC — cutaneous SCC

5. NHSCC — Head and Neck SCC

6. HNC — Head and Neck Cancer

7. BCC - Basal cell carcinoma (Basocellular
carcinoma)

8. EMT - Epithelial to Mesenchymal Transition

9. MET - Mesenchymal to Epithelial Transition

10. EGFR (HER1, ErbBl) - Epidermal Growth
Factor Receptor

11. EGF - Epidermal Growth Factor

12. HB-EGF - Heparin-binding EGF

13. AR - Amphiregulin

14. TGF-a - Tumor (Transforming) Growth
Factor-alpha

15. MAPK - Mitogen-Activated Protein Kinase

16. ERK1/2 - Extracellular signal Regulated
Kinase ¥

17. PI3K — phosphatidylinositol 3-kinase

18. mTOR - mammalian Target of Rapamycin

19. STAT - Signal Transducer and Activator of
Transcription

20. HH - Hedgehog

21. PTCH - Patched

22. SMO - Smoothened

23. GLI - Glioma Associated

24. HIF1 - Hypoxia Inducible Factor-1

25. PKC — Protein Kinase C

26. PKD1 — Protein Kinase D1

27. PRKD1 - PKD1 gene

28. NF-xB - Nuclear Factor kappa B

29. MMPs — Matrix Metalloproteinases

30. COX-2 - Cyclooxygenase-2 (PGHS-2 -
Prostaglandin H Synthase)

31. hTERT - Human telomerase catalytic protein
subunit

Introduction:

Oral PMDs (potentially malignant disorders) are
known as leukoplakia, erythroplakia, lichen planus,
submucous fibrosis, actinic cheilitis (cheratosis) and
palatal Kkeratosis associated with inverted smoking,
discoid lupus erythematosus, Marjolin ulcer,
immunodeficiency in relation to cancer predisposition
and some inherited cancer syndromes.’?> The most
common are leukoplakia, erythroplakia, lichen planus
and submucous fibrosis. Leukoplakia is a clinical
presentation that is defined by the WHO (World Health
Organozation) as a “white patch or plaque that cannot
be characterized clinically or pathologically as any
other disease” and is, by far, the most common
precancer, accounting for over 80% of potentially
malignant oral disorders. In addition, leukoplakia is
also a relatively common oral lesion, ranging from 1 to
5% in the general population. However, it does not have

the highest malignant transformation risk among
precancerous lesions. Oral erythroplakia, a relatively
rare (reported incidence:; 0.02-0.80%) red lesion of the
oral cavity that cannot be removed, has a much higher
malignant transformation risk than leukoplakia; up to
50% of these lesions are invasive OSCC and 40% are
carcinoma in situ.®

Evaluation of an asymptomatic patient for early-
stage cancer, based on its physical features alone, is
frequently compromised because malignant and benign
lesions may not be clinically distinguishable.
Consequently, approximately 60% of oral cancers are
advanced by the time they are detected, and
approximately 15% of patients have another cancer in
a nearby area such as the larynx, esophagus or lungs.
Early diagnosis of oral cancer plays a key role in
disease  progression, treatment response, and
ultimately, quality of life and patient survival.
Therefore, there is a need to identify and use molecular
biomarkers to evaluate individuals with potentially
malignant disorders who are at a high risk of
developing OSCC and those with early-stage malignant
lesions.®

Alterations in genes and pathways that regulate
cellular ~ signaling, cell cycle, proliferation,
differentiation, apoptosis, genomic stability, motility,
angiogenesis and metastasis are significantly
associated with development and progression of a
potentially malignant disorder to OSCC. Aberrant
expression and function of molecules involved in these
signaling networks have been considered as biomarkers
for risk assessment of malignant transformation. These
biomarkers, includes increased expression of hTERT
(Human telomerase catalytic protein subunit), EGF-R
(Epidermal Growth Factor Receptor) (and its ligands -
EGF (Epidermal Growth Factor), TGF-a (Tumor
Growth Factor-alpha), HB-EGF (Heparin-binding
EGF) and AR (Amphiregulin) (see below))),
upregulated NF-kB closely connected with increase in
COX-2 (Cyclooxygenase-2; PGHS-2 - Prostaglandin
G/H Synthase) expression.* COX-2 is a target gene of
NF-kB and COX-2 stain was found increasing from
hyperplasia to dysplasia and was highest in squamous
cell carcinoma.’ Its expression was significantly higher
in the infiltrating pattern of BCC compared with the
nodular and superficial subtypes in the primary BCC
group. Furthurmore expression was significantly higher
in the recurrent BCC group than in the primary BCC
group.®

Although there is some but not significant advance
in the understanding of molecular mechanism
connected with the development of PMDs and their
prograssion to cancer (in oral cavity mostly to SCCs),
there is almost no advanced in their diagnostic markers
or in their treatment strategies, consequence of which is
often their malignisation or cancer development.

Squamous cell carcinoma (SCC) is the second
most common cancer arising in the head and neck with
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devastating effects on communication, swallowing,
and, most importantly, survival. This tumor is
occurring most commonly in the oral cavity,
oropharynx, hypopharynx, and larynx, arising from the
spinous layer of the skin and epitelium. Sun exposure
(UV- light), ionizing radiation, papilloma viruses
(PPV) infection, immune suppression, and chronic
inflammation (or chronic trauma-mucosa) may lead to
development of SCC.” Men are at greater risk than
women with the two greatest risk factors consistently
being tobacco and alcohol use. In 2011, there were
over 11,460 deaths from head and neck squamous cell
carcinoma cancers (HNSCC) in the United States and
over 300,000 deaths worldwide. Most HNSCC patients
present with stage I11/1V disease have a 5-year survival
rate below 40%. HNSCC patients with metastatic
disease have extremely poor prognosis and a survival
rate of less than 10%.°

Oral and Cutaneous squamous cell carcinoma is a
malignant tumor that can occur in normal skin and oral
mucosa, but commonly evolves from precursor lesions
pre-cancer or PMD (potentially malignant disorders)
(see above). Oral epithelium differs from the skin only
by the lack of stratum corneum.

Basal cell carcinoma (BCC) are slow-growing,
locally invasive, rarely metastatic epidermal skin
tumours which mainly affect white skinned people.
This type of cancer is often located on the face and neck
and is difficult to limit clinically. It can significant local
destruction and disfugurment if treated inadequatly. It
is consider to arise from multipotential (stem) cells
within the basal layer of the epidermis or follicular
structures and can develop without a premalignant
lesion in both hereditary and sporadic fashion. It can
significantly more rarely (contrary to SCC) develop on
the basis of precancerous lesions, including: post-
radiation dermatitis (60% of cases transforms into
BCC); nevus sebaceous (transformation into BCC is
15%); actinic keratosis (transformation into BCC is
10%); chemical keratosis, xeroderma pigmentosum;
inflammatory changes with scars and hypertrophied
scars after burn injuries.*°

Except UVB, ionizing radiation, chemical
carcinogen (e.g. arsenic) and possibly infectiones with
human papillomaviruses, have been associated with
BCCs development. Some common deseases as post-
organ transplant patients (most frequently after heart
and renal  transplantation),  pharmacological
immunosuppression combined with UVB radiation,
leukaemic patients are also risk factors. Global
statistics unanimously indicate that BCC is one of the
most common neoplasms in Europe, Australia and the
USA, and the number of new cases is increasing every
year. Only in the USA, more than one million cases of
skin cancers are detected every year (American Cancer
Society, 2008).10.11

Epidermal Growth Factor Receptor (EGFR) in
skin and oral pathology

EGFR is mapped to chromosome 7 short arm 22,
spanning 110 kb of DNA divided into 28 exons. In
normal cells, the expression of EGFR is estimated to be
from 40,000-100,000 receptors per cell, whereas

overexpression of more than 10° receptors per cell is
observed in cancer cells. EGF regulates its own
receptor, as it increases EGFR RNA expression by
stimulating the expression of ETF (EGFR-specific
transcription factor). Other proteins that modulate the
EGFR promoter include E1A, Spl, and AP2. The
interaction between DNA topoisomerase | and c-JUN
has also been shown to regulate EGFR gene
expression.!2

Activation of the epidermal growth factor receptor
(EGF-R) a receptor tyrosine kinase, has been shown to
stimulate cell cycle progression of normal epidermal
keratinocytes. In normal skin, the EGF-R (also known
as HER1 or ErbB1) is most strongly, although not
exclusively, expressed in the basal layer of the
epidermis, consistent with the involvement of the EGF-
R in epidermal growth control. A lot of observations
indicate that abnormalities in expression of the EGF-R
and/or its ligands EGF (Epidermal Growth Factor),
TGF-o  (Tumor Growth Factor-alpha), HB-EGF
(Heparin-binding EGF) and AR (Amphiregulin) are
common features of hyperproliferative (PMDs) and
neoplastic epithelia. For example, in psoriatic
epidermis, the EGF-R is overexpressed not just in the
basal layer, but in all nucleated strata of the epidermis,
consistent with the suprabasal proliferation that occurs
in this disease. Furthermore, both TGFa and AR are
found at elevated levels throughout the nucleated layers
of psoriatic epidermis. In squamous carcinomas,
overexpression of the EGFR is commonly observed
consistent with the view that EGFR signaling is
upregulated and constitutive in such tumors.
Furthermore,  epithelial  neoplasms  frequently
coexpress high levels not only of the EGF-R but also of
its ligands, EGF, TGFa or AR thereby creating
constitutive autocrine loops dependent on the EGF-R.
Direct support for a role of EGFR activation in the
development of skin tumors comes from studies in
transgenic mice, in which overexpression of TGF-a
targeted to the epidermis elicits hyperplasia,
hyperkeratosis, papillomas, and squamous cell
carcinomas, 34

EFGR is involved in multiple downstream
signaling  pathways influencing cell  growth,
angiogenesis, and invasion. Downstream EGFR
signaling activates the mitogen-activated protein kinase
(MAPK) pathway (Ras/Raf/MEK/ERK1/2), p38
MAPK, JNK as well as the phosphatidylinositol 3-
kinase (PI3-K)/protein kinase B (Akt) pathway.
Activation of the MAPK pathway leads to increased
expression of antiapoptotic proteins like Bcl-x2 and
inhibition of proapoptotic proteins like BAD. Signaling
through the PI3-K/Akt pathway ultimately leads to
inhibition of the tumor suppressor gene p53.24 All these
results pointed the role of EGFR in a proliferative state
and inhibition of tumor suppressor function.’® Other
pathways which are activated from EGFR are
phospholipase PLCy — PKC/PKD1, Src and STAT.
Amplified EGFR signaling induces uncontrolled cell
growth and a malignant phenotype.'®

The enhanced EGFR expression on the
keratinocytes in OLP (Oral Lichen Planus) lesions and
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the up-regulation of EGF-like ligands in keratinocytes
and infiltrating mononuclear cells could contribute to
the carcinogenesis and pathogenesis of OLP. Of the
receptors, only EGFR mRNA and protein were more
highly expressed in OLP compared with NOM (normal
oral mucosa) tissues. Regarding the ligands, the
mRNAs of Amphiregulin (AREG), Epiregulin
(EREG), and Heparin-Binding EGF-like growth factor
(HB-EGF) were more highly expressed in OLP
compared with NOM tissues. These ligands were
strongly expressed by infiltrating lamina propria
lymphocytes as well as epithelial keratinocytes in OLP
lesions, as shown by immunohistochemistry.’

Acording another work, genes involved in human
OLP (Oral Lichen Planus) pathogenesis are identified
and ranked according to their number of interactions, in
order to obtain a broader view of its molecular
mechanisms and to plan targeted experimentations. 132
genes were identified and five of them (namely, JUN,
EGFR, FOS, IL2, ITGB4) were classified as leaders.
Interestingly, all of them but EGFR were up-regulated
and were widely distributed in the network (in term of
topological parameters such as stress, eccentricity and
radiality) and showed higher topological coefficients
than the other genes.®

Zhao M et al. studied the role of EGFR in the
genesis of squamous cell by means of observation on
its expression in oral lichen planus (OLP), squamous
cell papilloma (SCP) and squamous cell carcinoma
(SCC). The expression of EGFR was weak in OLP
without erosive and ulcerative lesion. The strongly
positive rates of EGFR in OLP with erosive and
ulcerative lesion group, SCP group and SCC group
were 20%, 25% and 60%, respectively. There were
significant differences between the OLP with erosive
and ulcerative lesion and OLP without erosive and
ulcerative lesion. The expression of EGFR increased
significantly from OLP, SCP to SCC.*®

In another study Ribeiro DC et al. investigate the
immunoexpression of epidermal growth factor receptor
(EGFR) in a sample of oral leukoplakias (OL) and to
determine the receptor's association with dysplasia,
tobacco consumption, lesion site, and proliferation rate.
EGFR is expressed in leukoplakia regardless of
dysplasia, but EGFR positivity should be more frequent
in lesions sited in areas of high cancer risk. According
authors the association between EGFR and p27 may
represent an important mechanism in the control of
cellular proliferation and malignant progression of oral
epithelium and therefore warrants further investigation.
Although EGFR should be overexpressed in some oral
leukoplakias, the factors that may interfere with this
expression and the influence of this receptor on
epithelial proliferation have yet to be investigated.?°

Yamada T. examined the relationship between the
oral leukoplakia and cancer, an immunohistochemical
study of the EGF-receptor had been performed by the
avidin-biotin peroxidase-complex method and silver
enhancement with anti-human EGF-receptor antibody
(Bio-yeda). Totally 61 cases of leukoplakias without
relation to cancer, 20 cases of leukoplakias with
relation to cancer and 31 cases of squamous cell

carcinomas were examined. Seventy percent of
leukoplakias and 55% of cancer cases were positive for
the EGF-receptor. The proportion of the EGF-receptor-
positive cells in the leukoplakia cases was slightly
decreased in proportion to the degree of the epithelial
dysplasia. The proportion of the EGF-receptor-positive
cells in the poorly differentiated type cancer cases (3%)
was fewer than that in the differentiated type cancer
cases (31%). In the leukoplakia related to cancer, the
leukoplakia and cancer of the same patient did not
always show the same pattern of EGF-receptor.?

Bagan JV et al. studied compared the epidermal
growth factor receptor (EGFR) copy number in patients
with potentially malignant oral disorders (PMODSs) and
oral squamous cell carcinoma (OSCC). They estimated
the EGFR copy number in both groups using real-time
reverse-transcription polymerase chain reaction assays.
They used laser microdissection (LMD) for EGFR
amplification, and overexpression was performed.
Group 1 comprised 20 patients with oral leukoplakia
and group 2 comprised 19 cases of OSCC. The EGFR
copy number was higher in group 2 (9.1 + 6.2) than in
group 1 (3.8 = 1.5). The greatest copy number was
found in the non-homogeneous leukoplakias, but the
difference in homogeneous cases was not significant
(Mann-Whitney test, P>0.05). In group 2, the EGFR
copy number was higher in advanced stages than in
early stages, but again lacked statistical significance.
The EGFR copy number may be a useful biomolecular
marker to differentiate PMODs from OSCC. The
EGFR was higher in non-homogeneous leukoplakias
and in the advanced stages of OSCC.??

One of the most well-known biomarkers in
HNSCC (head and neck SCC) is the Epidermal Growth
Factor Receptor (EGFR). Overexpression of EGFR in
HNSCC has been associated with poorer overall
survival and recurrence, and up to 90% of HNSCC
patients express high EGFR.®

Several lines of evidence have shown that
stimulation with EGF, as well as H202, UV,
therapeutic agents, or ionizing radiation cause the
EGFR to translocate to the nucleus, with nuclear EGFR
signaling playing roles in cell proliferation, tumor
progression, DNA repair. High levels of nuclear EGFR
have been found in various types of cancers, and
nuclear EGFR signaling has been reported to mediate
radio-resistance and chemo-resistance, such as to
ionizing radiation and cisplatin. Nuclear EGFR appears
to be the full-length receptor. The mechanism by which
the EGFR translocates to the nucleus has been studied,
but is still far from clear. However, there is no
established mechanism for the translocation of
endosomal EGFR to nucleus.In the nucleus, the EGFR
supports gene regulation by acting as a transcriptional
co-activator. It has been shown that nuclear EGFR aids
in the transcription of important cell cycle progression
mediators, including CYCLIN D1 and c-MYC, among
other proto-oncogenes . The interaction of nuclear
EGFR to the CYCLIN D1 gene promoter has been
better studied, and has been shown to require EGFR
interaction with two proteins, Mucin-1 (MUC-1) and
RNA helicase A (RHA). In this way, nuclear EGFR
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signaling represents another way by which the EGFR
promotes cell cycle progression, highlighting the
breadth and redundancy of the EGFR signal
transduction network in cancer progression.*2

Epidermal growth factor receptor (EGFR) and p16
(a surrogate marker of human papillomavirus [HPV]
infection) expression are strong prognostic factors in
patients with head and neck squamous cell carcinoma
(HNSCC). Husain H et al. examined an HPV-negative
(SQ20B) and an HPV-positive (UMSCC47) HNSCC
cell line for EGFR and yH2AX expression. A tissue
microarray containing 123 cores obtained from 101
HNSCC tumors was analyzed for EGFR expression by
automated quantitative analysis and p16 expression by
immunohistochemical staining, and these results were
correlated with available clinical data. SQ20B had
higher EGFR expression than UMSCC47. Nuclear
localization of EGFR on activation with transforming
growth factor-a was observed in SQ20B, but not in
UMSCCA47. SQ20B also had increased yH2AX foci
compared to UMSCC47, suggesting that SQ20B has
more DNA damage compared to UMSCC47. Total and
nuclear EGFR was reliably obtained from 80 of 101
patients. pl16 levels were determined in 87 of 101
patients. p16 levels were strongly associated with the
oropharyngeal subsite and poorly differentiated
histology. Expression of total and nuclear EGFR was
higher in pl6-negative tumors compared to pl6-
positive tumors.®

According Yamakoshi et al., the level of p16'NK42
expression in early papillomas was slightly but
consistently higher than those seen in normal skin. This
level of p16'NK4a expression does not appear to be high
enough to induce senescence cell cycle arrest. Thus, it
is tempting to speculate that p16'N4 may play a more
important role or roles in late papillomas, presumably
preventing malignant conversion of benign tumors.
Indeed, by 30 wk after DMBA/TPA treatment, 33% of
p16'NK4a knockout mice (C57BL/6 background) had at
least one carcinoma compared with 5% of the wild-type
mice (unpublished data), indicating that p16'NK4 plays
an important role or roles in preventing malignant
conversion of benign tumors. These results are
somewhat consistent with a previous study showing
that the tumor-free survival of DMBA treated mice was
substantially reduced in p16'™K4 knockout mice.*®
However, according Xu J et al., the low-risk HPV—
positive oral papillary lesions in this study showed a
lower proliferative index by MIB-1 staining and patchy
p16 or no p16 staining.®’

Expression of p16 and c-Myc could not be used
for differentiation of AK from SCC, because of the
simillar staining, although increased expression of both
pl6 and c-Myc during the progression of skin from
actinic keratosis to in situ squamous cell carcinoma to
invasive squamous cell carcinoma  was
0bS€rV€d.198'199'44

Ultraviolet light plays a fundamental role as an
initiator and promoter of carcinogenesis of SCC,
allowing the accumulation of genetic alterations that
allows a selective growth advantage. The TP53 (p53)
gene often mutates and Ras is frequently activated, but

with low frequency of mutations. Recently, frequent
mutations in the epidermal growth factor receptor
(EGFR)Z have been detected in lung cancer, mainly
deletions in exon 19 and L858R mutation in exon 21.
These are located at the EGFR tyrosine kinase domain
(TK). EGFR TK mutations produce activation of the
signaling pathways downstream and preferentially
activated antiapoptotic pathways (PI3K/AKT, JAK-
STAT and ERK/MAPK). These mutations are
correlated with the clinical response of patients to
tyrosine kinase inhibitors (poor response to Gefinitib,
Erlotinib). Glioblastoma shows another EGFR
mutation (EGFRvIII)?, corresponding to a deletion of
the extracellular domain, and it is present in 24-67% of
these tumors. This variant has been found in 42% of
HNSCC, related to the poor response to monoclonal
antibody cetuximab (competitively inhibits EGFR).
Interestingly, EGFRvIII displays ligand-independent
signaling, but has low constitutive activity. The low
constitutive activity is enough to impart cancer cells
with increased signaling, however its growth advantage
is due to the fact that these receptors are not
downregulated by endocytosis.*> Many observations
show that there are abnormalities in the expression of
epidermal growth factor receptor (EGFR) and/or its
ligands in HNSCC with frequent activation of multiple
pathways downstream EGFR, and unrelated to RAS
mutation.?* EGFR gene is often amplified (30% of
OSCCs?) and/or with activating mutations in cancer
cells.t® Other mutations detected in SCC are activating
mutations or gains of Ras genes (amplification in 30%
of OSCCs, mutation in 35% of OSCCs, mutation in 5%
of oral cancers, but in 55% of lip cancers). Mutations in
TP53 (UV-signature) (mutation in 79% of HNCs),
loses of CDKN2A (p16'™K44) (hypermethylation in 44%
oral leukoplakia lesions, in 76% of OSCCs), and
inactivating mutations of NOTCH.?5?

SCC typically exhibits a broad spectrum of
progressively advanced malignancies, ranging from
premalignant actinic keratosis (AK) (precursor lesions)
to squamous cell carcinoma in situ (SCCIS), invasive
cSCC and finally metastatic cSCC. The primary risk
factor for AK is chronic UV exposure. Genetically,
AKs and cSCCs are associated with amplifications and
activating mutations of the Ras oncogene indicate that
11% of c¢SCCs harbor activating Ras ™Mutations (6o
HRAS, 3% NRAS, 2% KRAS; n = 371 cases). In
cSCCs Ras is frequently activated, but with low
frequency of mutations. Ras mutations are infrequent in
Western patients and detected in fewer than 5% of oral
cancers. In contrast, 55% of lip cancers have H-ras
mutation, which is also present in 35% of oral cancers
in Asian populations in association with betel nut
chewing. Whereas only benign tumors were observed
after KRasG12D expression alone, combined p53
deletion and oncogenic KRas expression initiated
invasive cSCCs.?®27 There is no data for detected Ras
mutations in other PMDs with exception of
Keratoacanthomas (KA) (28.6%)%% and papillomas.**
KRAS gene exon 2 G12C presented mutation in the
Oncocytic Schneiderian (sinonasal) papillomas (OSP) -
associated adenocarcinoma.'8®
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Up to 30% of all human tumors harbor mutations
in canonical RAS genes (KRAS, HRAS, NRAS).?8:2 K-
ras is a downstream mediator of EGFR-induced cell
signaling, and ras mutations confer constitutive
activation of the signal pathways without EGFR
activation.2 KRAS mutations have been associated with
primary resistance to Gefitinib or Erlotinib (EGFR
kinase inhibitors).30:1431

In organotypic 3D culture of human esophageal
cells (keratinocytes) EGFR overexpression and mutant
p53 resulted in transformation and invasive growth.%?
Overexpression of inactivated or mutated forms of p53
in oral epithelial dysplasia has been associated with
high risk for transformation to early stage OSCC.

P53, a tumor suppressor gene, has been implicated
in the early pathogenesis of HNSCC, as it controls cell
growth through regulation of the cell-cycle and
apoptosis. P53 acts as transcription factor of cell cycle
inhibitors such as p21Wafl/Cipl/Sdil and prevents the cell
from going beyond phase G1 of the cell cycle,
permitting DNA repair. If this is not possible, p53
induces apoptosis of these cells to avoid the
transmission of potentially carcinogenic information.?
In a study analyzing HNSCC patients with a history of
tobacco and alcohol use, Brennan et al. found a
significantly higher proportion of patients with
mutations of p53 and other distinct sites when
compared to nonsmokers and nondrinkers. p53
inactivation or mutations have been found in up to 50%
of HNSCC patients and have been shown to be
associated with decreased survival. Kuo et al. detected
mutations in 35% of OSCCs, Balz et al. in 79% of
HNCs (head and neck carcinomas).®#? In addition to
p53, mutations in the retinoblastoma (Rb) gene are
involved in the pathogenesis of HNSCC.

Park HR et al. evaluated the expression profiles of
p63, p53, survivin, and hTERT in usual skin cancers,
including squamous cell carcinoma (SCC) and basal
cell carcinoma (BCC) and putative preneoplastic
epidermal lesions, including actinic keratosis (AK),
Bowen's disease, and porokeratosis. BCCs showed
diffuse p63 expression and SCCs heterogeneous p63
expression with negativity in terminally differentiated
squamous cells. All preneoplastic epidermal lesions
showed p63 expression in all cell layers. p53 was found
in seven of 10 cases of BCCs, all 10 cases of SCCs, and
nine of 10 cases of Bowen's disease. AK and
porokeratosis revealed focal to moderate p53
expression. Survivin was found in eight of 10 cases of
SCCs and eight of 10 cases of Bowen's disease. Six of
10 cases of BCCs revealed weak survivin positivity.
AK and porokeratosis showed survivin expression
confined to the basal layer. hTERT expression was
found in most cases of skin cancers and preneoplastic
lesions. p63 expression may be a marker of
basal/progenitor cells and a diagnostic marker in skin
tumors. p63 expression is not related to p53 expression
in these tumors. This study points to a putative role of
survivin and hTERT in the development of certain skin
cancers. In addition, authors’ data support the concept
of porokeratosis being a premalignant condition.®

Although BCC are with basal origin, EGFR is
expressed at a significantly higher level in SCC than in
BCC.%In general, BCCs seem to have relatively stable
genomes — the few published study suggest that they
have lower levels of genomic instability than do many
extracutaneus cancers.’* Methylation commences in
UV exposed skin at a relatively early age and occurs in
skin prior to the onset of recognizable preneoplastic
changes in BCCs.*” There is no any data concerning
detected mutations in EGFR in BCC, although PKD1
is lining down from the receptor and its increase
expression could be explain by positive mutations
(amplification) or gain in the PKD1 or EGFR genes.
However, in BCCs are detected activation mutations
mostly in HH (Hedgehog) pathway4, inactivating
mutations in the tumor suppressor PTCH1 (90% of
sporadic BCC), and activating mutations in other
Hedgehog pathway genes, such as constitutively
activate SMO15, SHH, or GLI* are found less
frequenly (~10% of tumors)®1416° jn TP53 (UV-
signature) (56% of all types of BCCs? Ras
dysregulation in 100% and mutations in 10% to 30%
(50%) of BCCs%®:3 and hTert mutations in 56% (78%)
of BCCs.?>!! None of the 61 non-melanoma skin cancer
(30 SCC and 31 BCC) samples revealed any PIK3CA
and AKT1 hotspot mutations at the investigated loci.
The authors conclude that PIK3CA and AKT1 hotspot
mutations do not contribute to the activation of the
PI3K/AKT signalling pathway in non-melanoma skin
cancer.* Deletion of 10023, where PTEN is located, is
infrequent event in human BCC!, PKCs and STAT3
mutations in BCC are also rare,*24344

Tsao AS et al. summarized that patients with head
and neck premalignant (and malignant) changes consist
of a diverse population and should be treated differently
depending on their molecular genotype. Patients with
minimal genetic changes may be treated with single
agent retinoids, v.D3 or other agents. Those with more
accumulated genetic changes will require combination
chemoprevention therapies. Lesions that have
advanced genetic changes with mutant p53 may benefit
from targeted p53 therapy, and those lesions that
express EGFR and COX-2 may require inhibitors of
EFGR and COX-2. Other strategies include the
oncolytic adenovirus dl1520 (ONYX-015), which
selectively targets p53-deficient cells. Ongoing trials
and future strategies include studying EGFR inhibitors,
vascular endothelial growth factor receptor (VEGF-R)
inhibitors, demethylating agents, farnesyltransferase
inhibitors, celecoxib, vitamin E, and Bowman-Birk
inhibitors.*

hTERT in skin and oral pathology

Telomeres are specialized chromatin structures at
the ends of eukaryotic chromosomes and are crucial for
genome (chromosome) stability, cell growth control
and carcinogenesis.  Normally, they protect
chromosomes from end to end fusion, degradation and
recombination. At each DNA replication cycle, 30-150
base pairs of telomeric DNA are lost, driving cells into
metabolic state of irreversible growth arrest and
replecative  senescence.*64"%4  Telomeres are
repetitive DNA (TTAGGG) elements at the ends of the
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chromosome.  Telomerase is a  multimeric
ribonucleoprotein containing an RNA component that
includes in its sequence the template for telomere
synthesis and a catalytic protein subunit that is a
reverstranscriptase (hnTERT). The RNA component of
the enzyme is expressed constitutivly, but catalytic
subunit-hTERT is thought to be activity-limiting
component of the telomerase holoenzyme. Telomerase
is active in germ cells, stem cells and approximately
90% of cancers (including BCC and SCC), but not in
most normal somatic cells (the proliferative basal layer
of epidermis expresses telomerase, but cell cycle arrest
and differentiation of these cells correlates with
inhibition of telomerase activity).3%4 Human
telomerase catalytic protein subunit hTERT is crucial
for telomerase activity. Although increased hTERT
expression is sufficient to immortalize normal human
cells in culture, spontaneous immortalization is
extremely rare which suggests that hTERT expression
is under strong negative control. Characterization of the
hTERT promoter has allowed for the analysis of
potential mechanisms of hTERT expression and
regulation. The hTERT promoter is very complex and
contains a great number of canonical and non-canonical
sequences that bind or potentially bind a variety of
transcription factors.®® It is known that NF-«xB
transactivates c-Myc to stimulate hTERT promoter
activity in intimal smooth muscle cell, human T
lymphocytes, HTLV-l-associated adult T-cell
leukemia and irradiated HER2-positive tumour-derived
breast cancer cells.5%51525 A feed-forward regulation
between TERT and NF-«xB was suggested as telomerase
directly regulates NF-xB dependent gene expression by
binding to the NF-xB p65 subunit. This leads to the
recruitment of a subset of NF-xB promoters such as
Interleukin 6 (IL6) and TNFa. These cytokines, which
are critical for inflammation and cancer progression,
together with NF-xB, can transcriptionally upregulate
telomerase levels.>

Telomerase reactivation in telomerase-negative
cells can be achieved by chromatin remodeling, such
that the promoter region of hTERT is more accessible.
Myc:Max complexes activate transcription by binding
to E-boxes, but these sites are often being competed for
by the Mad:Max repressor complex. Mad represses the
hTERT promoter through the interaction of HDACs.
This complex can be repressed, though, by chromatin
condensation through HDAC inhibitors.5®

Also present within the core hTERT promoter are
GC-boxes, which are binding sites for Sp1 transcription
factor. Splcan interact with c-Myc and stimulate
telomerase expression through the transcriptional
abilityof MBD1-containing  chromatin-associated
factorl(MCAF1). Furthe rinvolvement of Spl and
hTERT expression are explored. Mutations in any of the
five GC-boxes reduce core promoter activity. Other key
binding sites found in the hTERT promoter include
AP1,which binds the Jun/Fos dimer as a transcriptional
repressor, AP-2, which shows tumor- specific hTERT
upregulation, and HIF-1,which upregulates hTERT
expression in hypoxic events. Mutations that generate

an ETS binding site play a role in increasing hTERT
promoter activity.>®

Canonically DNA methylation is associated with
gene silencing. This hypermethylation is associated
with gene silencing of tumor suppressors such as p16
and hMLH1 (a part of DNA mismatch repair). hTERT
is an exception to this rule, though, considering that the
majority of the hTERT promoter region contains
hypermethylated CpG islands in most cancer cells
where it is expressed. Methylation status can vary
among cell lines. Hypermethylation decreases the
affinity of transcriptionl activators for the hTERT
promoter region, while hypomethylation allows for
binding of transcriptional repressors.*

5-aza-20-deoxycytidine (5-azadC) is acommon
DNA demethylating agent involved in the reexpression
of hTERT in hTERT-negative cells. Demethylationby5-
azadC restores the binding capability of CTCF to the
first exon of hTERT and E2F-1 to the promoter.
Therefore,one of the main roles of hTERT methylation
is probably to prevent binding of the CTCF and E2F-1
repressors and permit transcription. Hypermethylation
of the hTERT promoter during senescence is linked to
diminished telomerase activity, as well as hTERT
MRNA expression. Exposing these cells to 5-azadC
restores hTERT expression.>® Regulation of hTert is
reviewed in details in:5+%%,

In a study Crowe DL et al. examined the
regulation of telomerase expression in anchorage-
deprived normal human epidermal keratinocytes and
squamous cell carcinoma lines. Anchorage-deprived
cells underwent rapid loss of telomerase activity.
Attachment loss was associated with increased ERK1
activity, G1 to S phase progression, and subsequent G2
arrest. Adhesion to collagen via specific integrin
subunits inhibited ERK1 activity and telomerase
repression. Loss of telomerase expression was
associated with recruitment of an Rb/HDAC1
(transcriptional co-repressors, coregulator of Snail)
repressor complex to the -98 E2F site of the hTERT
promoter. The authors propose a mechanism by which
anchorage deprivation inhibits telomerase activity in
stratified squamous epithelial cells and squamous cell
carcinoma lines.*

hTERT expression is used as a surrogate for
telomerase activity. It has been suggested that
telomerase activity is a biomarker of cell proliferation,
not of malignant transformation (see below).
Telomerase activity is detected in the proliferative
basal layer of epidermis, but anchorage-deprived cells
underwent rapid loss of telomerase activity. In the
studies of Liu H et al., staining for h\TERT was found
in the nuclei of epidermal cells, and more intensely in
the nucleoli of cells in psoriasis, primarily in some
proliferating keratinocytes. This indicates that
telomerase activity does not always correlate with the
malignant phenotype. The finding, that staining for
hTERT was observed in keratinocytes in the upper to
middle layers of the epidermis in psoriasis vulgaris,
supports the concept that proliferating and
nonproliferating cells can express human telomerase
RNA (hTER). It may be speculated that one possible
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mechanism of epidermis hyperplasia in psoriasis might
be the increased telomerase activity in psoriatic
epidermis.*®

hTEP1 (telomerase associated protein 1) and hTR
(human telomerase RNA component) but also hTERT
(human telomerase reverse transcriptase) expression
were detected in the basal cells of normal oral mucosa,
and the cells expressing these MRNAs were also seen
in the upper layer of leukoplakia of gingiva, and a
heterogeneous pattern of expression was observed in
the oral SCC tissues. These results indicate that there
are at least two steps in the increase of telomerase
activity during carcinogenesis in oral squamous cells; a
change in distribution of cells expressing these
telomerase components and the over-expression of
hTERT gene in individual cells.>’

Oral carcinogenesis is a multi-step process. One
possible step is the development of potentially
malignant disorders known as leukoplakia and
erythroplakia®. The objective of the study of Cabral et
al. was to use immunohistochemistry to analyze the
patterns of expression of the cell-cycle regulatory
proteins p53 and p16'NK% in potentially malignant
disorders (PMD) of the oral mucosa (with varying
degrees of dysplasia) and in oral squamous cell
carcinomas (OSCC) to correlate them with the
expression of telomerase (hTERT). Fifteen PMD and
30 OSCC tissue samples were analyzed. Additionally,
5 cases of oral epithelial hyperplasia (OEH) were added
to analyze clinically altered mucosa presenting as
histological hyperplasia without dysplasia. p53
positivity was observed in 93.3% of PMD, in 63.3% of
OSCC and in 80% of OEH. Although there was no
correlation between p53 expression and the grade of
dysplasia, all cases with severe dysplasia presented p53
suprabasal immunoexpression. p16'NK4 expression was
observed in 26.7% of PMD, in 43.3% of OSCC and in
2 cases of OEH. The p16'Nk42 expression in OEH, PMD
and OSCC was unable to differentiate non-dysplastic
from dysplastic oral epithelium. hTERT positivity was
observed in all samples of OEH and PMD and in 90%
of OSCC. The high hTERT immunoexpression in all
three lesions indicates that telomerase is present in
clinically altered oral mucosa but does not differentiate
hyperplastic from dysplastic oral epithelium. In PMD
of the oral mucosa, the p53 immunoexpression changes
according to the degree of dysplasia by mechanisms
independent of p16'NK4 and hTERT.*

Shimamoto H examined the status of telomerase
activities in oral squamous cell carcinomas (OSCCs),
precancerous lesions, and also cell lines established
from OSCCs, by using a non-radioactive PCR-based
TRAP (telomeric repeat amplification protocol) assay.
Telomerase activities in 23 of 30 OSCCs, 8 of 17
leukoplakias, 0 of 5 normal tissues, and in 8 of 8 OSCC
cell lines and 0 of 5 normal human keratinocyte
cultures. According the authors the received results
indicated that telomerase activity might have some
association with carcinogenesis and might be used as a
tumor marker in OSCC.*

In the of Palani J et al. study,
immunohistochemistry (IHC) was used to detect the

expression of hTERT protein in oral squamous cell
carcinoma (OSCC) (n=30), leukoplakia (n=15), oral
submucous fibrosis OSF (n=15) and normal oral
mucosa (n=10). The cellular localization of
immunostain, intensity of stain, mean nuclear labeling
index (LI) and mean nuclear labeling score (LS) of
hTERT protein were studied. There was increased
expression of hnTERT protein in OSCC and leukoplakia
samples when compared to normal oral mucosa. The
cellular localization, LI and LS in OSF were
significantly different from OSCC and leukoplakia.®

Bettendorf O et al. analyzed telomerase activity in
capsule tissues in a rat model with chronic
inflammation and in tumor. Significant elevated
telomerase activity was found in tumor tissue compared
with nonneoplastic tissue (p = 0.047). Cases with a
strong inflammation in capsule tissue showed a specific
telomerase activity. In these cases, there were no
significant differences in telomerase activities
compared with malignant tumor tissue. The authors
demonstrated elevated telomerase activity and its
diagnostic limits around model implants in a rat model,
and visualize its expression not only in malignant tissue
but also in inflammatory cells. So the quantitative
measurement of telomerase activity should not be
applied in general as a marker for malignancy in
capsule tissue.®®

To investigate the effects of human telomerase
reverse transcriptase (nTERT) on the growth of Capan-
2 human pancreatic cancer cell and apoptosis. mMRNA
and protein expressions of hTERT, Bcl-2 and
cyclooxygenase (COX)-2 were assessed by real time
PCR and Western blot. Knockdown of hTERT by
SiRNA can inhibit the growth of Capan-2 cell. The
inhibitory effect is associated with the downregulation
of Bcl-2 (anti-apoptosis protein) and pro-inflammatory
protein COX-2.5

Additionally, Li J et al. used short hairpin RNAs
(shRNAs) specifically targeting hTERT  were
constructed and expressed in Hep-2 cells. Cell
proliferation was measured by CCK-8 assay.
Expression of hTERT, cyclin D1, cyclin E, c-myc, and
GAPDH was detected by RT-PCR and Western blot;
cyclin D1 and hTERT proteins in laryngeal squamous
carcinoma tissue microarray were analyzed by quantum
dots immunofluorescence. hTERT silence by shRNAs
decreased the proliferation of Hep-2 cells by 76.8% at
day 4 (96 h). Furthermore, transfection with hTERT
shRNA for 48 h also significantly reduced expression
of hTERT, cyclin D1, and c-Myc, but not cyclin E.
Quantum dots immunofluorescence analysis of 36
laryngeal squamous carcinoma tissue samples found
that hTERT expression was highly correlated with
cyclin D1 expression. Down-regulating human
telomerase reverse transcriptase (hTERT) expression
will significantly suppress the cell viability of laryngeal
squamous cell carcinoma Hep-2, which was mainly due
to the inhibition of cyclin D1 and thus G1/S phase
transition. 5!

Combination of P53 mutation and telomerase
overexpression may induce tumourigenesis in NSCLC
(Non-small-cell lung cancer). There is multiple
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evidence of elevated COX-2 levels in NSCLC and their
importance in lung carcinogenesis. Overexpression of
COX-2 has been proposed as a biomarker for
biologically aggressive types of NSCLC and poorer
survival. The authors showed that P53 mutations were
identified in 34.4% of tumours, the majority of them
occurring in SCC (squamous cell carcinoma, 55.6%).
K-RAS was mutated in 120f NSCLC tumours, the
majority of the mutations being found in ADC
(adenocarcinoma, 27.0%). Mutational screening
detected three different COX-2 mutations and five
different P53 mutations, published for the first time.
With RT-PCR the authors observed that the expression
of the tested genes, hTERT and COX-2, was highly
significant for ADC and SCC. Statistical analysis of the
combined results revealed significant correlation
between expression of COX-2 and hTERT, hTERT
expression and staging and survival. A positive
correlation between COX-2 expression and K-RAS
mutation was also observed.®?

In another experiment, using GM847 cell line that
presents alternative lengthening of telomeres (ALT)
phenotype, the authors showed that expression of
oncogenic RAS failed to fully transform the cells.
Nonetheless, with ectopic expression of TERT, the cells
acquired a tumourigenic phenotype, suggesting that
TERT had an additional function required for cellular
transformation and not depending on its ability to
maintain telomeres. Following this line of reasoning,
several studies confirmed the capacity of TERT to
cooperate  with  other factors to promote
tumourigenesis, for instance, when reduced viability
and increased cancer incidence was noted in K5-TERT
mice with a p53 (+/—) genetic background, indicating
that telomerase could cooperate with loss of p53
function in inducing tumourogenesis in ageing
organisms. 3

Recent studies found TERT promoter mutations in
a wide array of other human cancers, including
hepatocellular cancer, bladder cancer, thyroid cancer,
gliomas. However, activating mutations in the TERT
promoter were recently identified in up to 71% of
cutaneus melanoma, in atypical fibroxanthomas and
pleomorphic dermal sarcomas, tumors arising in
heavily UV-damaged skin. Griewank K. et al.
investigated the presence of TERT promoter mutations
in 32 BCCs and 34 cutaneous SCCs using conventional
Sanger sequencing. TERT promoter mutations were
identified in 18 (56%) BCCs and in 17 (50%) cutaneous
SCCs. The recurrent mutations identified in their cohort
were identical to those previously described in cutaneus
melanoma, and showed a UV-signature.?® In another
study authors found TERT promoter mutations in 78%
of BCC and 50% of SCC.% Additionally, significant
correlation was found between telomerase activity and
MRNA expression of EGFR in 15 cases, including non-
neoplastic salivary glands and human salivary gland
carcinomas.®

Fabricius EM et al. explored demonstrated
telomerase activity in frozen tissues from BCC and
their tumor-free margins by the PCR ELISA. In their
next study the authors examined in the same frozen

sections immunohistochemical presence of hTERT in
the nucleus. The hTERT expression in the BCC was
distributed  heterogeneously. The score values
established by the anti-hTERT antibodies used were
variably or significantly increased. In the stroma they
tended to be negative, so the authors disregarded
stroma hTERT. Proof of hTERT did not differ
uniformly from telomerase activity. They compared the
high with the lower median hTERT values in the
Kaplan-Meier curve. Patients with lower hTERT scores
in the center or tumor margin as shown by some of the
antibodies suffered relapse earlier. Finally, they
compared the hTERT expression in BCC tissues with
the hTERT scores in HNSCC tissues from their
previous study. Only one anti-hTERT antibody (their
Ab 7) yielded significantly higher scores in BCC than
in HNSCC.5%

In a study using 23 urothelial cancer cell lines,
Borah and coworkers confirmed that TERT promoter
mutations correlate with higher levels of TERT mRNA,
TERT protein, telomerase enzymatic activity and
telomere length. Furthermore, TERT promoter
mutations represent a possible mechanism for
telomerase reactivation and also correlate with worse
patient outcome and reduced disease-specific survival
in two independent patient cohorts.> For instance, in
tissues that are constantly self-renewing, such as the
gastrointestinal tract or the bone marrow, telomerase is
already  epigenetically activated and  during
transformation cells do not need to acquire mutations to
activate telomerase. In contrast, tumor entities
originating from cells with a low turnover rate,
including glial cells and hepatocytes, more frequently
harbor mutations that activate telomerase, mostly point
mutations in the promoter region of hTERT as
mentioned above. Promoter mutation being the most
common point mutations in hepatocellular carcinoma,
glioblastoma (GBM), bladder cancer and melanoma,
where they can even constitute potential biomarkers.%

However, hTERT expression is also up-regulated
in tumors via multiple genetic and epigenetic
mechanisms including hTERT amplifications (3%),
hTERT structural variants (3%), hTERT promoter
mutations (31%) and epigenetic modifications through
hTERT promoter methylation (53%). Specifically,
hTERT gene amplification can result from telomere
dysfunction in addition to breakage at fragile sites and
formation of chromosomal fusions. In a large cohort
made of 31 different types of cancer, it was
demonstrated that 3% out of 95% of hTERT expressing
tumours presented hTERT amplifications. Therefore,
hTERT might be a target for amplification during
tumorigenesis, which contributes to the dysregulation
of telomerase activity that usually occurs in human
tumors. Increased hTERT gene copy number is
associated with upregulation of hTERT expression,
related to acquired drug resistance, and correlated with
worse clinical outcomes in breast, skin and thyroid
cancer. However, in bladder cancer, no correlation was
observed between increased hTERT gene copy number
and hTERT mRNA, telomerase activity, or telomere
length, suggesting that hnTERT gene amplification may
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require another companion alteration for telomerase
reactivation.5®

Bladder, thyroid, cutaneous melanoma, basal cell
and squamous carcinoma and oligodendrogliomas are
examples of cancers where TERTpMut are widespread
through different stages and grades of the disease,
suggesting their role as an early tumorigenic event.
Additionally, not all TERTpMut tumors display
telomerase activation and some premalignant lesions
also displayed these genetic alterations at the hTERT
promoter region. Together, these results support the
fact that TERTpMut may act as early events in the
oncogenic process.®

In 2013, two pivotal studies described two
recurrent non-coding mutations within the hTERT
promoter region in both familial and sporadic
melanomas. These two mutations were located at -124
and -146 bp upstream from ATG (chr5:1,295,228 G>A
and 1,295,250 G>A, C>T on opposite strand). In fact
the authors demonstrated that TERTpMut acquired at
the transition from benign nevus to malignant
melanoma do not support telomere maintenance
suggesting that TERTpMut contribute to tumorigenesis
in two distinct ways. Initially, TERTpMut do not
prevent telomere shortening but act “healing” the
shortest telomeres and later telomeres are critically
short leading to genomic instability and telomerase
reactivation. Whether coincidental or reasonable,
recurrent hTERT mutations seem to occur in the
unmethylated region, which supports the hypothesis
stating ETS family factors binding to these sites
activate hTERT expression.5®

However, there are other cancers that do not
harbor TERTpMut (testicular germ cell tumors; breast
cancer, colorectal carcinoma, prostate cancer) but have
telomerase activation. These observations suggest that
in hTERT dependent tumors without TERTpMut, other
mechanisms responsible for telomerase activation
might be at play, as a hypermethylation of promoter
repressive region.

Also, TERTpMut are not only prognostic factors
for poor clinical outcomes, but also predictors of
radiotherapy resistance. Furthermore, BRAF/NRAS
mutations are associated with decreased disease-free
and melanoma-specific survival. In liver disease,
TERTpMut are present in pre-malignant nodules and
predict high risk for advanced disease and reduced
disease-free and overall survival in hepatocellular
carcinoma patients. Thyroid cancer patients with
TERTpMut are associated with clinically aggressive
and recurrent disease, with lower disease-free and
overall survival when combined with BRAF mutations.
TERTpMut are a moderately prevalent genetic event in
non-small cell lung cancer (NSCLC) associated with
patient age, gender and distant metastasis. These
studies emphasize the hypothetical existence of a
companion mechanism, necessary not only for
telomerase activation but also to maintain the
selfrenewal capacity allowing cancer disease
progression in TERTpMut patients,

Additionally, TERT has been described to have
influence in several other molecules and pathways,

which modify responses to inflammation, cell death,
apoptosis and DNA damage responses, EMT and
oncogenesis. TERT binds to c-MYC and recruits the
complex to heparanase promoter to upregulate
heparanase expression promoting invasion and
metastasis of gastric cancer cells; furthermore, TERT-
activated Wnt/B-Catenin signalling promotes c-MYC
expression, which could in turn activate TERT
transcription and expression in a positive feedback
loop; (iii) finally, it has been shown that TERT
regulation of ITGB1 in the MDM2-FOXO3a- ITGB
pathway is able to promote gastric cancer invasion.%®
Young and coworkers suggested two epigenetics
mechanisms for the maintenance of a young phenotype
in normal human fibroblasts with TERT re-expression.
The first was the freezing of the epigenomic state of
young proliferating cells by the stabilisation of DNA
methylation; the second, the maintenance of low levels
of the cell cycle inhibitor p21, mediated at least
partially by DNMTI1’s transcriptional repressor
activity. In human cervical cancer cell lines, p27/kip1,
a tumour suppressor protein, can inhibit TERT mRNA
expression and telomerase activity through post-
transcriptional upregulation by interferon-c
(IFNC)/IRF1 signalling. This suggests that p27 may
have the function of tumour suppressor by inhibiting
TERT expression. It was also described that TERT
overexpression upregulated the expression and
transcriptional activity of a key cell cycle regulator,
cyclin D1, in human prostate epithelial cell lines. This
means that TERT could have a role in the modulation
of cyclin D1 expression. TERT is capable of activating
the transcription of vascular endothelial growth factor
(VEGF) in WI-38 and HeL.a cells, this activation being
independent of telomerase activity and telomere
maintenance. Suppression of TERT expression
abrogates the cellular response to DNA double-strand
breaks. Loss of TERT does not alter short-term
telomere integrity but instead affects the overall
configuration of chromatin. Cells lacking TERT exhibit
increased radiosensitivity, diminished capacity for
DNA repair, fragmented chromosomes, demonstrating
that loss of TERT impairs the DNA damage response.5®
HIF-1, upregulates hTERT expression in hypoxic
events. Ahmed and coworkers described that in a mild
oxidative stress background, telomerase did not prevent
telomere shortening under hyperoxia as it translocated
gradually from the nucleus to mitochondria. TERT
mitochondrial localisation reduced mtDNA damage
levels under oxidative stress and improved
mitochondrial function, with lower levels of ROS and
with enhanced mitochondrial membrane potential.
Haendeler and coworkers also reported TERT’s
protective role in mitochondria in an oxidative stress
background. TERT binds to ND1 and ND2 genes,
protecting against mMtDNA damage, reducing
mitochondrial ROS, and increasing energy metabolism
and conferring higher protection from apoptosis.
TERT can be targeted to the mitochondria by an
N-terminal leader sequence, and mitochondrial extracts
from seven different human cell lines show telomerase
activity. The cellular effects of mitochondrial
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telomerase are controversial. Some authors argue that
mitochondrial telomerase increases hydrogen peroxide
(H202)-mediated mitochondrial DNA  (mtDNA)
damage. Ectopic TERT expression in human cells
correlates with increase in mtDNA damage after H,O;
treatment. The same group later demonstrated that this
increase in MtDNA damage after H,O, exposure is
dependent on the presence of TERT itself. Further
experiments using a dominant negative TERT mutant
show that telomerase must be catalytically active to
mediate the increase in mtDNA damage. Mutations in
the N-terminal mitochondrial leader sequence of TERT
cause a complete loss of mitochondrial targeting
without affecting catalytic activity. Cells carrying this
mutated TERT not only have significantly reduced
levels of mtDNA damage after H,O, treatment, but
strikingly also do not show any loss of viability or cell
growth. Thus, the authors proposed that localisation of
TERT to the mitochondria renders cells more
susceptible to oxidative stress-induced mtDNA damage
and subsequent cell death. Nuclear targeted TERT, in
the absence of mitochondrial localisation, is associated
with diminished mtDNA damage, increased cell
survival and protection against cellular senescence.

The expression of stem cell markers CD117, Oct4,
and Sox2 was significantly higher in TELP® cells than
in TEL"™ cells, the latter were not able to form spheres
and had a much lower tumorigenic potential as only one
in eight injected mice showed a tumor in contrast to
seven out of eight mice which received TELP® cells. In
addition, the TELP® cells displayed multipotency, as
cells isolated from the tumors of mice injected with
TELP® cells acquired both phenotypes, TELP* and
TEL"™9, But most interestingly, it was shown that
telomerase inhibition seems to be a promising strategy
for stem cell targeted therapy in osteosarcoma: hTERT
can modulate classical cancer pathways including NF-
kB, TGF-p/Smad, and Wnt signaling that all contribute
to the metastatic potential and stem cell phenotype of
cancer cells.%

PKD1 (Protein Kinase D1) in skin and oral
pathology

Protein kinase D1 (PKD1), a ubiquitous
serine/threonine kinase, was originally described as a
novel p isoform of the protein kinase C (PKC) family,
as it shares two cysteine-rich domains (Cla and C1b)
that bind phorbol esters and diacylglycerol as in the
PKC family. Unlike other members of the PKC family,
PKD1 also has a unique pleckstrin homology (PH)
domain, differentiating them from other members of
the PKC family, and the catalytic domain of PKD1 is
most closely related to calcium calmodulin—dependent
kinases (CaMK).67:68.69

Protein Kinase D1 (PKD1), has been implicated in
numerous cellular functions, including cell survival,
proliferation, differentiation, migration, cell-cell
adhesion and epithelial mesenchymal transition (EMT).
PKD1 has been reported to be downregulated in
advanced prostate, breast and gastric cancers, shown to
play a role in tumorigenesis and metastasis, and
upregulated in BCCs (basocellular carcinoma) and
pancreatic cancer. Embryonic deletion of PKDL1 in

mice is lethal, suggesting PKD1 plays a crucial role in
development, which can not be replaced by other PKD
family members, PKD2 and PKD3.57:6869

Analysis of BCC (basal cell carcinoma) lesions of
Ristich et al. showed increased expression of PKD1
when compared with normal epidermis, but not in SCC
lesions (squamous cell carcinoma). So as the authors
wrote, the question remain: are the enhanced PKD1
levels in BCCs are simply a marker of their basal origin
or does this elevated PKD1 contributes to the
pathogenesis of BCCs.”® Thus, another question is
curently adequate, lack of PKD1 expression in SCCs
despite increase expression of EGFR, is a consequence
of its spinous layer origin, or is a consequense of PKD1
gene (PRKD1) mutation(s) (silencing, methylation).!!
An analysis of 530 HNSCC tumors from the TCGA via
cBioPortal demonstrated low levels of DNA
methylation on PRKD1 gene. Further analysis
indicated 13% cases (67 out of 530 cases) of PKD1 had
loss of heterozygosity (LOH), while only three cases (<
1%) of PKD1 showed homozygous deletion. Thus, a
combination of genetic and epigenetic alterations
contributed to the downregulation of PKD1 expression
in HNSCC.™

Using only immunohistochemical analysis authors
showed that expression of PKD1 in normal epidermis
was primarily restricted to the stratum basalis, the
proliferative compartment of the epidermis, supporting
the concept that PKD1 promotes proliferation of
normal keratinocytes and that this kinase is probably
connected with hyperproliferative disorders of the skin
(increased expression of PKD1 was detected also in
involved psoriatic lesions).” According Ryvkin V et al.
contrary to mouse keratinocytes (KCs), PKD1 is
undetectable in human keratinocytes.” There is no data
for the expression of the kinase in other skin or oral
(head and neck) PMDs.

Our study, using normal human cultured
keratinocytes, which resembles basal epidermal
keratinocytes, showed that PKD1 is presented in these
cells in very low protein and mMRNA levels, detectable
only using p-PKD1 Ser744/748 (Ser738/Ser742 in
human) antibody after short term PMA treatment
(known activator of classical and novel PKCs and
PKDs) and Quantitative Real-Time PCR. The antibody
of Cell Signaling is with species reactivity for human,
mouse, rat, monkey (from the datasheet of producer).
Knockdown of PKD1 in normal human keratinocytes,
using siRNA for PKD1, resulted in altered cell
phenotype-enlarged cells, inhibition of keratinocytes
proliferation (decreased expression of PCNA-
proliferative marker) and promotion of cells
differentiation (increased expression of K10 and
involucrin).”™ Furthermore, using antisense
oligonucleatide for PKD1 we show that keratinocytes
proliferation was inhibited with more than 70%, which
was connected with increased phosphorylation/activity
of ERK1/2 (Extracellular signal Regulated Kinase 1/2)
(PKD1 inhibited ERK1/2
phosphorylation/activity)(our unpublished results).
Similar results were obtained using antisense
oligonucleotides for PKCa and PKCe - inhibited
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proliferation mesuread by decrease of [®*H] Thymidine
incorporation and increased ERK1/2
phosphorylation/activity. The two PKC isoforms were
proved to activate PKD1 in plethora of cell cultures,
which suppose that EGF stimulates proliferation in
NHEK (normal human epidermal keratinocytes) in a
PKC-PKD1-ERK1/2 dependent mode.” EGF is the
main growth factor secreted from keratinocytes in the
model of human autonomous  proliferated
keratinocytes. Using the ERK1/2 inhibitor PD98059
and the two PKC inhibitors Go6976 and Go6983, with
different substrate specificity, Praskova et al. showed
that EGF stimulates keratinocytes proliferation in PKC-
ERK1/2 dependent mode. The obtained results are
similar to those received with antisense
oligonucleotides for PKC isoforms in normal
keratinocytes.” PKD1 (PKCp), PKCa and PKCe failed
to influence the phosphorylation and binding activity of
c-Myc (our unpublished results). The phosphorylation
and binding activity of the transcriptional factor was
diminished by knockdown of CaMKIIS, using also
antisence oligonucleotide, which inhibited
keratinocytes proliferation and opposingly decrease
ERK1/2 phosphorylation/activity and c-Myc binding
activity.” Similar resuts were obtained from Praskova
et al. using also unspecific CaMKinase inhibitor KN-
62.77 The degree of inhibition of proliferation, ERK1/2
phosphorylation/activity and c-Myc binding activity
were higher in KN-62 treated cells, which suppose
expression of other CaMKinase isoforms in NHEK. 7677

In contrast in hTERT keratinocytes, obtained from
normal human epidermal keratinocytes infected with
amphotropic retroviral vectors encoding hTERT
(catalytic subunit of telomerase), also called N/Tert-1
or N-hTERT Kkeratinocytes, the expression of PKD1
was increased near 9-fold (MRNA)” and knockdown
of the kinase, using siRNA, resulted in effective
decrease of protein kinase levels, inhibition of ERK1/2
expression and activity, as well as EGFR expression
and activity 48 h after transfection, and according our
previous results decreased mRNA expression of K10
and involucrin 72 hours after transfection (inhibition of
their  differentiation).”®”®  Therefore, increased
expression of PKDL1 in hTert keratinocytes, opposed to
normal human keratinocytes, possess prodifferentiation
function, which can beat least partly result of 9 fold
increased PKD1 expression (our result), leading to
different substrates affinity and binding, hence
different function or this turn of function could be a
result of p16'NK% mutations.”>"®7 In postconfluent
normal keratinocytes ERK1/2 expression is increased,
which is most probably connected with initiation of
differentiation ot inhibition of hTert expression.”4°
Most of the authors supposed that ERK1/2 functions to
mediate pro-proliferative and pro-survival pathways
from many different stimulus, inscluding growth
factors and cell adhesion molecules. Second,
differentiation-positive signals are associated with
redused ERK1/2 activity. Agents which promoted
differentiation and apooptosis signals through p38
MAPK-dependent mechanisms. p38a and p383 are the
main p38 MAPK isoforms, mediating activation of

gene expression, although p38a, B, and - & (but not -y)
are expressed in keratinocytes.®

Sustain ERK1/2 activity simultaneously with
increased expression of K10 and involucrin are
characteristics of differentiating keratinocytes*, but it
remains quationary increased expression of EGFR. If
we consider increased expression of telomerase and
loss of p16'NK4 function, this cell line could be
considered as a model of a premalignant (PMD) cell
line, which are characterisised with up-regulated EGFR
and/or its ligands and ERK1/2. PKD1 regulate in
opposing manner  differentiation in  normal
keratinocytes and hTert keratinocytes, in both of which
increased proliferative cell potential as a result of over
expression od EGFR and ERKZL/2 (chronical
inflammation, increased hert expression), are limited at
least in part by PKD1 possesing prodifferentiation
activity — expression of early markers of differentiation
— K10 and involoucrin. It is good to mention according
us ERK1/2 in human Kkeratinocytes participates not
only in the regulation of proliferation, but also in the
control of their differentiation, similarly to PC12 cells,
although only several papers report differentiation
connected ERK1/2 activity in keratinocytes.*%8L74
Recent findings suggested that the inhibition of the p38
MAPK pathway, ERK1/2 pathway and JNK pathway
down-regulated filaggrin (differentiation marker) in
NHEKSs.82 PKD1 is with near nine fold higher levels of
MRNA expression in hTert keratinocytes in
comparision with normal keratinocytes, which could
altered the affinity to substrates, which are not targeted
by the kinase in their normal extremely low levels in
normal human keratinocytes, undetectable by Rykin et
al.”»7072 or overactivation of its ordinary substrates
(ERK1/2). Bertrand-Vallery V et al. reported that
repeated exposures to sublethal doses of UVB induce
an alternative differentiation state rather than premature
senescence in N-hTERT (hTERT) and in cultivated
human keratinocytes.®® For the first time we detected
that ERK1/2, which are thought to be constitutive
expressed kinases in cells are inducible enzymes
upregulated, together with EGFR, from PKD1 in hTert
keratinocytes.”

hTERT keratinocytes have been obtained from
normal human epidermal keratinocytes, which were
infected with amphotropic retroviral vectors encoding
hTERT, catalytic subunit of telomerase, catalytic
subunit-hTERT is thought to be activity-limiting
component of the telomerase holoenzyme. hTERT is
expressed only in germ cells, stem cells of renewal
tissues and in cancer cells (including BCC and SCC).
Telomerase activity is not detected in most somatic
tissues (the proliferative basal layer of epidermis
expresses telomerase, but anchorage-deprived cells
underwent rapid loss of telomerase activity). In NHEK
and in SCC4 cell line attachment loss was associated
with decrease hTERT and increased ERK1 activity, G1
to S phase progression, subsequent G2 cell cycle arrest
and differentiation. Adhesion to collagen via specific
integrin  subunits inhibited ERK1 activity and
telomerase repression.*® Erk1/2 knockdown in
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keratinocytes was not associated with decreased cyclin
D1 expression, in contrast to fibroblasts.®

Dickson et al. showed that expression of hTERT
alone permits keratinocytes to escape complete growth
and to enter a phase of slow growth of variable length
from which rapidly dividing immortal variants
emerge.*” The hTert(+) cells have a normal karyotype
and the cells have undergone more than 80 population
doublings (PDs) after hTert retroviral transduction
while control cells exhibit senescence-associated
proliferation arrest after 8 PDs.*"# Such immortalized
cell typically have identifiable defects in p16'NK+
expression but retain functional p53. The mechanism
that triggers p16'NK4 accumulation appears to sense the
senescence state of Kkeratinocytes, but preventing
telomerase erosion does not avoid its activation. Loss
of this mechanism, whether by p16'NK4 gene deletion,
mutation, or altered regulation of expression, together
with telomere stabilization effected by hTERT
expression is necessary to enable keratinocytes to
become immortalized. It was supposed that
immortalization of the keratinocytes by forced
expression of telomerase and subsequent spontaneous
events leading to loss of this pl6'NK4-dependent
mechanism (first mutation-see below) generally does
not disrupt either other normal growth control
mechanisms or affects the ability of the cells to form a
differentiated epithelium. hTERT Keratinocytes
continued to express the differentiation-related markers
involucrin and K10 in suprabasal cells of stratified
colonies and form differentiating epidermis in
organotypic culture. They form more robust epithelium
with a denser and more columnar basal cell layer and
more layers of spinous cells than that formed by mild-
life-span normal keratinocytes.” This epithelium
resembles pathohistological changes observed in
psoriatic lesions. In psoriatic epidermis is detected
mutations of CARD14, encoding a nuclear factor of
kappa light chain enhancer in B cells (NF-kB)
(epidermal regulator of NF-kB), within skin epidermis
and increased expression and activity of hTERT,

EGFR, STAT3, PKD1, NF-kB, and other
kinases_86,56,13,56,70,86
Previously we supposed a model in which

transient activation followed by a sustained low basal
activity of ERK1/2 is connected with keratinocytes
proliferation and sustained high activity (expression) of
ERK1/2 is connected with promotion of their
differentiation.”74° Corelation between the duration
and strenght of ERK1/2 phosphorylation/activation and
the consequent physiological cells events was
previously detected in rat PC12 pheochromocytome
cells, fibroblasts, macrophages and T-
limphocytes.®:8:8% Factors such as cell-surface receptor
density, expression of scaffolding proteins, the
surrounding extracellular matrix, and the interplay
between kinases and phosphatases modulate the
strength and duration of ERK signaling. Furthermore,
the spatial distribution and temporal qualities of ERK
can markedly alter the qualitative and quantitative
features of downstream signaling to immediate early
genes (IEG) and the expression of IEG-encoded protein

products. As a result, IEG products provide a molecular
interpretation of ERK dynamics, enabling the cell to
program an appropriate biological response.%184

Thus, lower levels of ERK ' expression in
hTERT keratinocytes knockdowned for PKD1 together
with lack of expression of K10 and involucrin is a
phenotype characteristic for basal proliferating
keratinocytes, suggesting that PKD1 in hTERT
keratinocytes possess prodifferentiation role.8™
Additional study have to prove or reject the hypotesis,
that PKD1 in hTERT Kkeratinocytes will inhibit their
proliferation. The results suppose different function of
PKD1 in normal human and hTERT keratinocytes,
which suppose that the kinase (and/or other kinases)
could possess different role in PMDs (see below). The
alteration in the function of the kinase is a consequence
only of the forced expression of hTERT, followed by
spontaneous events leading to loss of this p16'NK4-
dependent mechanism, and increase in PKD1
expression.’®7347 Other mutations are not detected. p16
is a cyclin-dependent kinase inhibitor that inhibits pRb
phosphorylation and blocks cell cycle progression at
the G1 to S checkpoint (see below). Loss of pl6
expression by deletion, mutation, or hypermethylation
is common in HNSCC.% Previously it was detected that
expression of total and nuclear EGFR was higher in
pl6-negative tumors compared to pl6-positive tumors
(HPV positive tumours mostly).** Doorslaer and Burk
showed that oncogenic types papilloma virus (HPV)
specifically activate the hTERT promoter, while non-
oncogenic types do not.%2 However, as it was
mentioned above increased forced expression of
hTERT leads to spontaneous loss of pl16'NK4a.
dependent mechanism.*” Significant correlation was
found between telomerase activity and mRNA
expression of EGFR in 15 cases, including non-
neoplastic salivary glands and human salivary gland
carcinomas.®

Surprisingly for us, the expression of EGFR in
hTret keratinocytes was also down-regulated from
PKD1 silencing.” In normal skin, the EGF-R is most
strongly, although not exclusively, expressed in the
basal layer of the epidermis, consistent with the
involvement of the EGF-R in epidermal growth control.
EGFR is known to be an important regulator of multiple
epidermal functions, including cell cycle progression,
differentiation, cell movement and cellular survival.*3
Using microarray analysis of a confluent cell density-
induced model of keratinocyte differentiation, the
authors identified 2,676 genes that are regulated by
epidermal growth factor (EGF), a ligand of the EGFR.
The authors further discovered, and separately
confirmed by functional assays, that EGFR activation
abrogates all of the known essential processes of
keratinocyte differentiation by 1) decreasing the
expression of lipid matrix biosynthetic enzymes, 2)
regulating numerous genes forming the cornified
envelope, and 3) suppressing the expression of tight
junction proteins.®® Several observations indicate that
abnormalities (increase) in the expression of the EGF-
R and/or its ligands EGF, TGF-a and AR are common
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features of hyperproliferative premalignant deases and
neoplastic epithelia.’®

Additionally, TERT has been described to have
influence in several other molecules and pathways,
which modify responses to inflammation, cell death,
apoptosis and DNA damage responses, EMT,
invasiveness (metastasis formation) and stemness. For
instance, in a comparison between normal and TERT
immortalised fibroblasts using a cDNA microarray,
Lindvall and coworkers verified that TERT
immortalised cells had 172 differentially expressed
genes; one of them is epiregulin, a potent growth factor
associated with cancer. The results suggest that both
activation of telomerase and subsequent induction of
epiregulin are required for a sustained cell
proliferation.>48

Additiionally, ectopic expression of telomerase in
HMEC:s leads to an increased ability to proliferate. This
expression results in a diminished requirement for
exogenous mitogens and correlates with telomerase-
dependent induction of genes that promote cell growth.
Inhibition of one of these genes, for instance of the
epidermal growth factor receptor (EGFR), reverses the
enhanced proliferation caused by telomerase.>
However in hTtert keratinocytes PKD1 up-regulates
EGFR expression, probably as consequence of p16'Nk4
mutations detected in these cells.

In oral squamous cell carcinoma (OSCC) an
hTERT knockdown leads to reduction in MMP2 and
MMP9  expression levels, thereby inhibiting
invasiveness. Ding et al. demonstrated that hTERT,
independent from its catalytic activity, is able to
increase the cells’ invasive potential by inducing
MMP9 expression in an NFxB-dependent manner in
several non-telomerase expressing cell lines such as
osteosarcoma U20S and the cervical carcinoma cell
line HeLa. In cell lines with endogenous telomerase
expression (293T and MCF7), a genetic knockdown of
hTERT resulted in decreased MMP9 levels and a lower
invasive potential. Interestingly, Ponnala et al. reported
that silencing of MMP9 leads to a reduction in hTERT
expression and telomerase activity via Bl integrin-
dependent FAK signaling and deregulation of
Myc/MAX/MAD ratios in GBM cells. From these
findings, it was concluded that loss of telomerase
activity due to MMP9 silencing leads to increased DNA
damage that causes cells into a senescence stage or,
after further replication, into apoptosis. Since it is
established that MMP9 is overexpressed in tumor cells
of several cancers compared to resident cells and
normal tissue, a therapeutic reduction in MMP9 could
be a potential approach for selective targeting of
hTERT in cancer cells but not in resident cells. nTERT
directly affects the levels of p65, the subunit of the NF-
kB transcription factor, in the cytoplasm and the
nucleus of tumor cells. This example demonstrates that
hTERT functions in tumor cells are beyond the effect
of replicative immortality.%

Although BCC are with basal origin, EGFR is
expressed at a significantly higher level in SCC than in
BCC.% Basal cell carcinoma (BCC) of the skin is a
highly compact, non-metastatic epithelial tumour type

that may arise from the aberrant propagation of
epidermal or progenitor stem cell (SC) populations.
Increased expression of GLI1 is a common feature of
BCC and is linked to the induction of epidermal SC
markers in immortalized N/Tert-1 keratinocytes. GLI1
over-expression is linked to additional SC
characteristics in N/Tert-1 cells including reduced
epidermal growth factor receptor (EGFR) expression
and compact colony formation that is associated with
repressed extracellular signal-regulated kinase (ERK)
activity. ERK activity was predominantly negative in
13/14 BCCs (superficial/nodular).*® However, N/Tert-
1 keratinocytes possess p¢'NK4 mutation, which is not
observed in BCC*, hence this cell line is not the most
suitable for studing molecular alterations in BCC.
Additionally, transgenic mice overexpressing Sonic
hedgehog (Shh) or a mutated variant of Smoothened
(SMOH) show epidermal proliferations in late
embryonic skin that partially resembles BCC. To test
the hypothesis that GLI-1 is the downstream effector
that drives tumorigenesis, transgenic mice were
generated specifically overexpressing GLI-1 in the
basal layer of epidermis and outer root sheet of hair
follicles. These mice develop several types of
spontaneous skin tumors, including BCC, TEs,
cylindromas, and trichoblastomas. Furthermore,
mutation analysis of the p53 and Ha ras genes,
respectively, did not reveal mutations in their hot spot
regions, exons 4-8 for p53 and codons 12, 13, and 61
for Ha ras, in any of the tumors examined. This
suggests a p53- and Ha ras-independent mechanism by
which GLI-1 induce these tumors in mouse skin.'®
Thus, AK which acquire activating mutation(s) in HH
pathway (as a second muation) will progress to BCC.
AK with TP53 mutations probably has to be refered as
SCC.101 |f the first mutation is in the HH pathway
there is  higher  probability to  develop
Trichoepithelioma  (TEs),  cylindromas,  and
trichoblastomas and finally BCC.19144

Another fact which desert attention was that PKD1
(PKCp), and PKCa and PKCe, in fact decresed ERK1/2
activity, do not stimulate it, as it is expected according
the scientific data. PKD1 phosphorylates RIN1 on the
cell membrane, protein associating with Ras and 14-3-
3 proteins (also binding partner of PKD1). Through
phosphorylation of RIN1, association with 14-3-3
could be more intence, abrogating its ability to block
Ras/Raf-1 interactions. Ras could dissociate and is free
to be activated, hence activate
Ras/Raf/MEK/ERK/RSK pathway.57%46%% The data
supposs stimulation of ERK1/2 pathway by the three
PKC isoforms expressed in keratinocytes. Schonwasser
DC et al. published data that PKC-a (and PKC-B1, not
expressed in keratinocytes) induce desensitizing effect
on c-Raf activation, which avoid further activation
from growth factors. Probably PKD1 posses similar
effect or inhibits ERK1/2 activity. This negative control
could demand phosphorylation on particular PKC
residues.®® The observed effect on p-ERK1/2 is
additionally confermed by the results of Chiou YS et
al., who detected increased PKD1 expression (and
CD34 expression (stem cell marker)), leading to
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decreased p-ERK1/2 levels in two steps according
(DMBA)-initiated and 12-O-tetradecanoylphorbol-13-
acetate (TPA)-promoted skin tumorigenesis protocol in
ICR mice. Interesting, the authors detected
simultaneous increase in the levels of phosphorylated
(activated) phorms of p-PI3K, p-JNK1/2, p-p38,
increased expression of p53, p21 nad c-Myc, reversed
effects from those expected from scientific data in other
cell types (PKD1 inhibit the activity of PI3K, INK1/2,
p38%). This paper also proves the ability of PKD1 to
activate NF-kB in mouse epidermis of induced
carcinogenesis and connected increased expression of
proinflammatory and proproliferative genes, including
iNOS (inducible nitric oxide synthase), COX-2
(cyclooxygenase-2), ODC (ornithine decarboxylase)
and VEGF (vascular endothelial growth factor).%

Additional studies are necessary to confirm
whether hTERT Keratinocytes posses increased EGFR
and ERK1/2 expession than that in normal human
keratinocytes and whether stimulation of normal
epidermal keratinocytes with LPS (specific binding to
TLR4 to activate NF-«xB%® or other chronic
inflammatory mediators, will lead to increase hTERT,
PKD1, NF-xB, ERK1/2 and EGFR expression. It will
be interesting whether oral PMDs, possess higher
expression of PKD1 and ERK1/2 expression/activity
than in normal human keratinocytes vs. SCCs.
Increased expression of EGFR is a common feature of
plethora of PMDs (see below)®, there is also data for
increased expression and activity of hTERT, NF-kB
and COX-2 (see above).*51

We speculate that this molecular mechanism
(increased NFxB - hTert-PKD1-NF«kB-hTert) is
probably connected with the progression of chronic
inflammation in cancer development.®®? It is known
that increased activity of NF-kB in inflammation is
connected with increased expression of hTERT.47:%.28
Thus, chronic inflammation could lead to increase
expression of hTERT which consequently will lead to
p16'NK4a mutation (model of hTERT keratinocytes). In
this regard hTERT Keratinocytes as a cell line model
resembles PMDs (premalignant binign deaseases),
more than a tumor cell line. However increased PKD1
expression in hTERT keratinocytes, as a consequance
of increased hTERT expression and/or p16'NK+«
mutations, is not a proproliferative signal in this cell
line, rather that it is prodifferentiative.”’® PKD1
stimulated expression of K10 and Involucrin could be
connected with abundance in cytoplasms filaments
seen in early hypertrophic diseases, and PKD1
stimulated expression of ERK1/2 and EGFR are closely
connected with pathogenetic mechanismes of
PMDs.’®® On the other hand the molecular
mechanisms regulating PKD1 expression are in skin
are currently not well known. It is not known also
whether PKD1 participates in inflammation process in
skin®® — Fig.8, there are data for its participation in
pancreatitis.100.%

A paper proving the participation of PKD1 in
infalammatory process was published. Group B
streptococci (GBS) are one of the leading causes of life-
threatening illness in neonates. Proinflammatory

responses to GBS mediated through host innate
immune receptors play a critical role in the disease
manifestation. In a study Upadhyay K et al,
investigated the role of protein kinase D (PKD)1 in the
proinflammatory responses to GBS. They found that
both live and antibiotic-killed GBS induce activation of
PKD1 through a pathway that is dependent on the TLR
signaling adaptor MyD88 and its downstream kinase
IL-1R-associated kinase 1, but independent of TNFR-
associated  factor 6. Their  studies using
pharmacological PKD inhibitors and PKD1-
knockdown macrophages revealed that PKD1 is
indispensable for GBS-mediated activation of MAPKSs
and NF-xB and subsequent expression of
proinflammatory mediators. Furthermore, systemic
administration of a PKD inhibitor protects d-
galactosamine—sensitized mice from shock-mediated
death caused by antibiotic-killed GBS. These findings
imply that PKD1 plays a critical regulatory role in
GBS-induced proinflammatory reactions and sepsis,
and inhibition of PKD1 activation together with
antibiotic treatment in GBS-infected neonates could be
an effective way to control GBS diseases.**

Chronic inflammatory mediators exert pleiotropic
effects in the development of cancer. On the one hand,
inflammation  favors  carcinogenesis, malignant
transformation, tumorgrowth, invasion, and metastatic
spread; on the other hand inflammation can stimulate
immune effector mechanisms that might limit tumor
growth.The link between cancer and inflammation
depends on intrinsic and extrinsic pathways. Both
pathways result in the activation of transcription factors
such as NF-xB, STAT-3, and HIF-1 and in
accumulation of tumorigenic factors in tumor and
microenvironment.?8:%

Nuclear factor-kappa B (NF-kB) regulates the
expression of various genes, several genes involved in
inflammation and tumorigenesis, including those of the
liver. A role for NF-xB has been implicated in the
pathogenesis of hepatocellular carcinoma. This
transcription factor can regulate hTERT gene
transcription, which expression was found to be at high
levels in this type carcinoma. In a study, Huang et al.
showed that LPS (specific binding to TLR4 to activate
NF-kappaB) was positive for NFkB p65 mRNA
expression and activation, and also up-regulated
hTERT mRNA and protein expressions at 36h in a
dose-dependent manner. In contrast, MG-132
(inhibiting the activity of 26S proteasome and thereby
preventing nuclear translocation of NF-«xB)
significantly inhibited activation of NF-xB and mRNA
expression, and also decreased expression of hnTERT at
both mRNA and protein levels at 36h in a dose-
dependent manner. Furthermore, dexamethasone
blocked LPS-induced activation of NF-xB and
expression of the hTERT in HepG(2) cells. These
findings suggest that NF-kxB may modulate hTERT
MRNA level, importantly, in protein level in HepG(2)
cells and dexamethasone inhibits LPS-induced hTERT
via blocking NF-xB.%

NF-xkB activation in inflammatory cells in
response to infectious pathogens, pro-inflammatory
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mediators as well as necrotic cell products results in the
generation of secretable factors that support growth,
survival, and vascularization of pre-malignant and
malignant cells. Activation of NF-xB up-regulates cell
cycle mediators (cyclin D1, c-Myc), anti-apoptotic (c-
FLIP, survivin, Bcl-XL) and adhesion molecules
(ICAM-1, ELAM-1,VCAM-17), proteolytic enzymes
(e.g.,MMP, uPA), and pro-inflammatory factors
(PGHS-2 (COX-2), cytokines) that promote
inflammation and tumorogenesis.?®%° Additioanally,
the serine/threonine kinase protein kinase D1 (PKD1)
is a stress-responsive kinase and sensor for reactive
oxygen species, which can initiate cell survival through
activation of NF-xB signaling.l®® PKD1 activates
NFkB by the phosphorylation and activation of
inhibitory k kinase (IKK). This results in the
degradation of inhibitory protein IkB and the release of
NFkB from the inhibitory complex, followed by
accumulation in the nucleus and induction of
downstream target genes. PKD1 may also be involved
in IKK independent mechanisms that activate the
NFkB pathway within cells.576%% |t was recently
demonstrated that KRas-induced activation of the
canonical NF-xB pathway is one mechanism of how
PRKD1 (gene of PKD1) expression is increased and
identify the binding sites for NF-xB in the PRKD1
promoter in pancreatic cancer.%

The loss of p16 may be an early event in cancer
progression, because deletion of at least one copy is
quite high in some premalignant lesions. p16'Nk4 js a
major target in carcinogenesis, rivaled in frequency
only by the p53 tumor-suppressor gene.'® Alterations
of pl6 have been described in a wide variety of
histological types of human cancers including
astrocytoma, melanoma, leukemia, breast cancer, head
and neck squamous cell carcinoma, malignant
mesothelioma, and lung cancer. Alterations of p16 can
occur through homozygous deletion, point mutation,
and transcriptional suppression associated with
hypermethylation in cancer cell lines and primary
tumors.1® Methylation of p16'™%4@ was observed in
44% of 34 patients with oral leukoplakia lesions, and
hypermethylation in 76% of OSCCs. These findings
demonstrate that methylation is an early event in oral
carcinogenesis and that its study may be useful to detect
precancerous lesions.?

The p16 gene (also known as CDKN2A) encodes
pl6'NK4A - which  inhibits  (inactivating)  the
CDK4:cyclin D and CDK®6:cyclin D complexes. These
complexes mediate phosphorylation of the Rb protein
and allow cell cycle progression beyond the G;-S-phase
checkpoint. Whereas the Rb gene is inactivated in a
narrow range of tumor cells, the pattern of mutational
inactivation of Rb is inversely correlated with pl6
alterations, suggesting that a single defect in the
pl16/CDK4:cyclin D/Rb pathway is sufficient for
tumorigenesis. 1%

The pl16 gene expresses two alternative transcripts
(pl6alpha and pl6beta) involved in tumor suppression
via the retinoblastoma (Rb) or p53 pathways.
Disruption of these pathways can occur through
inactivation of p16 or p53, or activating mutations of

cyclin dependant kinase 4 gene (Cdk4). We searched
for p16, Cdk4 and p53 gene mutations in 20 squamous
cell carcinomas (SSCs), 1 actinic keratosis (AK), and
28 hasal cell carcinomas (BCCs), using PCR-SSCP. A
deletion and methylation analysis of pl6 was also
performed. Six different mutations (12%) were
detected in exon 2 of p16 (common to pl6alpha and
pl6beta), in five out of 21 squamous lesions (24%) (one
AK and four SCCs) and one out of 28 BCCs (3.5%).
These included four (66%) ultraviolet (UV)-type
mutations (two tandems CC : GG to TT : AA transitions
and two C : G to T : A transitions at dipyrimidic site)
and two transversions. P53 mutations were present in
18 samples (37%), mostly of UV type. Of these, only
two (one BCC and one AK) harboured simultaneously
mutations of p16, but with no consequence on pl6beta
transcript. Soufir N et al. data demonstrate for the first
time the presence of p16 UV induced mutations in non
melanoma skin cancer, particularly in the most
aggressive SCC type, and support that p16 and p53 are
involved in two independent pathways in skin
carcinogenesis. 6!

In a complementary study, it was observed that
assembly of cyclin D1/D2-CDK4 complexes was
impaired in primary mouse embryo fibroblast (MEF)
strains taken from animals lacking the p21 gene, the
p27 gene, or both. In MEFs fromp21/p27 double-null
mice, nuclear import of cyclin D1 is inefficient, and
overexpressed D cyclins remain predominantly
cytoplasmic. The half-life of unassembled cyclin D1 is
significantly reduced from 25 to 10 min.1% Mutations in
both p21 gene and the p27 gene are also often observed
in premalignant lesions (see below).

We can speculate that an axis of EGFR- PKD1-
NF«xB-hTERT in skin and oral epithelium pathology
exists, and alteration in this axis is probably connected
with the prograssion of chronical inflamated mucosa to
precancer in skin and oral mucosa. Since increased
expression of hTERT is an early event in the
pathogenesis of hyperproliferative skin diseases,
(hTERT is considered as a proliferative marker, rather
than cancer marker*63, its expression is increased in all
PMDs 3357485859 Additional studies are necessary to
confirm whether other hyperproliferative skin
conditions - pre-malignant leucoplakia, erythroplakia,
oral lichen planus possesses an increased expression of
PKD1 and ERK1/2, as an early consequence of
increased hTERT expression. Previously it was
detected that expression of total and nuclear EGFR was
higher in pl6-negative tumors compared to pl6-
positive tumors®, which will activate additionally
transduction pathways lieing downstream from EGFR.
Increase EGFR expression or its ligands EGF, TGF-
alpha or AR were detected in all precancer oral lesions
(PMDs)*®, and the EGFR copy number is thought to be
a useful biomolecular marker to differentiate PMODs
from OSCC (see bolow).

Probably second mutations (first in inhibitors of
the cell cycle p16, p21, p27, Cyclin D1(amplification)
[2] in Kras, p53, EGFR, or hTERT) will reverse benign
phenotype of late precancer lesions (PMDs) into benign
cancer lesion. Third mutation in the PKD1 gene
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(PRKD1), or in E-cadherin gene will increase
malignant potential of cancer, activating EMTransition,
invasion and metastasis, e.g. will lead to aggressive
phenotype. According Ristich VL et al. SCCs did not
showed increased expression of PKD1™, although
tumour possess increase expression of EGFR, leading
to activation of downstream signaling pathways. Thus,
down-regulation of PRKD1 (gene of PKD1) is a very
probable reason for conversion of PMDs in SCCs. An
analysis of 530 HNSCC tumors from the TCGA via
cBioPortal demonstrated low levels of DNA
methylation on PRKD1 gene. Further analysis
indicated 13% cases (67 out of 530 cases) of PKD1 had
loss of heterozygosity (LOH), while only three cases (<
1%) of PKD1 showed homozygous deletion. Thus, a
combination of genetic and epigenetic alterations
contributed to the downregulation of PKD1
expression.’

PKD1 is activated during oxidative stress through
a mechanism that requires nonreceptor tyrosine kinases
(c-Abl and Src) and PKCo (and probably not other
PKCs). c-Abl-dependent PKD1 phosphorylation at
Tyr463 (in the PH domain) releases intramolecular
autoinhibition, and Srcdependent PKD1
phosphorylation at Tyr95 creates a docking site for the
C2 domain of PKC3; PKCs then phosphorylates the
PKD1 activation loop at Ser738/ Ser742. A redox-
dependent pathway involving Src and c-Abl also
promotes PKD1- PH domain phosphorylation at
Tyr432 and Tyr502, but the significance of these
modifications is uncertain, because they do not lead to
gross changes in PKD1 activity. There is evidence that
the reactive oxygen species-activated PKD1 enzyme is
localized (although not necessarily restricted) to
mitochondria and that it recruits a nuclear factor xB
(NFxB) pathway that induces expression of
antioxidant/antiapoptotic genes (such as manganese
superoxide dismutase) and promotes cell survival. It is
noteworthy that the canonical growth factor-dependent
PKD1-signaling pathway does not activate NFxB or
induce manganese superoxide dismutase (mnSOD),
emphasizing that the signaling repertoire and cellular
actions of PKD1 can be highly contextual.**®

Similar mechanism of activation mediated by a
Src family kinase cascade was observed by Bolag after
UVB exposure and UVB-elicited oxidative stress.'*
Although, according to authors, UVB increases
tyrosine phosphorylation of PKD by Src as well as
western analysis using an antibody recognizing
phosphotyrosine463 (tyrosine residue phosphorylated
by Abl, not by Src-authors’ remark). This result is also
consistent with the ability of the tyr463phe PKD mutant
to act in a dominant negative manner to exacerbate
UVB’s apoptotic effect (and prevent PKD’s ability to
promote survival).}*® A number of studies have shown
that PKD1 opposes the apoptotic effects of oxidative
stress (or UVB exposure) in a variety of cells and allow
survival of UV-damaged cells. This ability of PKD1 to
promote survival would be beneficial in preventing
excessive apoptosis with low levels of UVB exposure,
causing minimal DNA damage that can be repaired.
However, if PKD1 allows survival of cells that have

suffered irreparable UV-induced DNA damage, these
keratinocytes with DNA mutations could continue to
proliferate and form skin tumors. Thus, either a pro-
proliferative or pro-survival mechanism could provide
a means by which PKD1 could contribute to epidermal
tumorigenesis.?**5” Similar mode of PKD1 activation
was observed from Chiou et al. in mouse model of
papillomas®” (probably as a result of PKCs depletion
from TPA8, there is no data in human papillomas),
and was suppose from us in BCC.%544148

PKC § is activated in keratinocytes exposed to UV
radiation by caspase-3-mediated cleavage in the hinge
domain to generate a constitutively active catalytic
fragment, called PKM.” The cleavage and activation
of PKC$ is involved in UV-induced apoptosis, an
important protective mechanism which helps protect
the epidermis from cancer by eliminating potentially
malignant Kkeratinocytes. Since PKC3 is involved in
eliminating UV-damaged keratinocytes via apoptosis,
and is down-regulated or inactivated in keratinocytes
with activated ras genes, PKCd is a potential tumor
suppressor for skin cancer.t’> p385 mitogen-
activated protein kinase (MAPK) is a downstream
carrier of the PKCS3-dependent death signal in
epidermal keratinocytes. Concurrent p384 activation
and extracellular signal-regulated kinase 1/2 (ERK1/2)
inactivation are required for apoptosis. H20O2, a known
inducer of keratinocyte apoptosis, promotes identical
PKC6 and p386-ERK1/2 activity changes, leading to
similar morphological alterations.*®® Other alterations
after UV radiation in skin were recently summarized by
us in, 148

Proves for the participations of PKD1 in
inflammatory and tumour promoting events, in
accordance with our results and hypothesis, were
published Chiou YS et al..” Topical application of
TPA (A) or DMBA (B) over 12 h, according (DMBA)-
initiated and 12-O-tetradecanoylphorbol-13-acetate
(TPA)-promoted skin tumorigenesis in ICR mice,
greatly increased the protein levels of PKD1 and CD34
(stem cell marker), decreased ERK1/2, increased c-
Myc, Cyclin B1/CDK1 complexes and Cdc25A.
Pretreatment with ACEGCG (peracetylated EGCG)
lead to the activation of ERK, the degradation of
Cdc25A and the inhibition of cyclin B1/CDK1
complex assembly; these effects cause G2/M phase
arrest and block mitotic progression. Pretreatment with
ACEGCG at a dose of 1 or 5 uM resulted also in a
decrease in the levels of phosphorylated INK1/2, p38
and PI3K/ Akt compared with the levels in
DMBA/TPA-mediated tumors (decreased p-ERK1/2
increased, p-PI3K, p-JINK1/2, p-p38). The authors also
observed that the DMBA/TPA stimulation of NF-«B,
C/EBPs and CREB-DNA-binding activity was
attenuated by pretreatment with ACEGCG in a dose-
dependent manner, which transcribe proinflammatory
and proproliferative genes, including iNOS (inducible
nitric oxide synthase), COX-2 (cyclooxygenase-2),
ODC (ornithine decarboxylase) and VEGF (vascular
endothelial growth factor). Overall, the authors
speculated that ACEGCG exerts antiproliferative and/or
antiinflammatory effects in CD34+ skin stem cells and
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skin tumors and that the suppression of PKD1 activity
and its downstream signaling pathways may be
involved in the prevention of skin carcinogenesis.%

In this study, Chiou YS et al. also analyzed CD34
and PKD1 expression levels in human keratinocytes
(HaCaT) and human epithelial carcinoma cells (A431)
and found that A431 cells had an ~4-fold induction of
CD34 and PKD1 expression compared with HaCaT
cells. In addition, CD34 and PKD1 upregulation
correlated with a fast proliferative potential. Their
results strongly suggest that the overexpression and
activation of PKD1 in CD34+ skin stem cells and skin
tumors are potential targets for the treatment of skin
carcinogenesis.®” Additionally , when subjected to two-
stage chemical skin carcinogenesis protocol, PKD1-
deficient mice were resistant to papilloma formation
when compared to control littermates.'%” Ristich et al.
do not detect PKD1 in SCC, and probably down-
regulation of its expression could be accepted as a
critical point in progression of benigh tumours to SCC™
(lack of its expression as a cancer marker), two-stage
carcinogenesis protocol leads to development of
papillomas and consequently SCC.

The Chiou YS et al. article is interesting with that
that it is the only paper detecting PKD1 effects in
mouse Kkeratinocytes on different key kinases.
Increased PKD1 levels, after two step carcinogenetic
protocol, resulted in decreased p-ERK1/2, and
increased p-PI3K, p-JNK1/2, p-p38. The decreased in
p-ERK1/2, decreased activity of ERK1/2 is in
accordance with our results, which also showed that
PKD1 inhibited phosphoryation of ERK1/2 in human
keratinocytes”™7* (and unpublished results with PKD1
antisense oligonucleotide) leading to stimulation of
keratinocytes proliferation, contrarily to expected
stimulation of ERKZ1/2 according scientific data.
According the same sources increased PKD1 levels has
to inhibite phosphorylation (activity) of PI3K, INK1/2
and p38 in other cell types (PKD1- Substrates and
function), but Chiou YS et al. detected the reversed
effects. The authors also proved NF-«kB activation by
increased PKD1 levels in mouse keratinocytes in the
process of tumour promotion.%’

In recent report Rashel M et al. generated mice
with targeted deletion of PKD1 in epidermis to evaluate
the significance of PKD1 in normal and hyperplastic
conditions, as mentioned above. In addition, the
hyperplastic and inflammatory responses to topical
phorbol ester were significantly suppressed suggesting
involvement of PKD1 in tumor promotion (and
inflammation). Consistently, when subjected to two-
stage chemical skin carcinogenesis protocol, PKD1-
deficient mice were resistant to papilloma formation
when compared to control littermates.'®” However,
similarly to PKCe over-expression this could promotes
the formation of highly metastatic squamous cell
carcinomas (papilloma-independent carcinomas -
SCC).108103110 PKCe can phosphorylate PKD1 in the
activation loop Ser738/Ser742 in human, resulting in its
activation®, although the kinase influences many other
cell processes.!!

Moreover, as it was mentioned above, mTOR
major up-stream and down-stream regulator gene
expression was assessed in skin biopsies from 15
patients affected by psoriasis, 5 patients with allergic
contact dermatitis (ACD), 5 patients with atopic
dermatitis (AD) and 3 patients with EGFR-inhibitor-
induced skin rash. All analyzed skin diseases showed
an increase of mTOR gene expression whereas mTOR
up-stream negative regulators were reduced or not
enhanced in all of them. mTOR was strongly expressed
in all epidermal layers of lesional and non-lesional
psoriatic ~ skin.  Conversely,  pro-inflammatory
conditions, in vitro, were not able to increase mTOR
levels, except for UVB. Similarly, anti-TNF-a therapy
was not able to reduce mTOR gene expression in
patients with psoriasis. Balato A et al. study provides
evidence that mTOR s involved in cutaneous
inflammatory process, but through a signalling not
directly dependent from ThI-Th17 pathway.!*> %
Activation of PI3K/Akt/mTOR pathway is a central
event in many types of cancer''® and represents a
promising target for new treatment strategies. 1411544

PI3Ks are activated by RTKSs, such as EGFR, and
the catalytic subunit phosphorylates
phosphatidylinositol 4,5-bisphosphate (PIP2) to form
phosphatidylinositol 3,4,5-triphosphate  (PIP3).
Interaction of PIP3 with the PH (Pleckstrin Homology)
domain of AKT and PDK1 results in a conformational
change causing phosphorylation of AKT/PKB by
PDK1 and mammalian target of rapamycin complex 2
(mTORC2). This activates AKT that then
phosphorylates proteins involved in cell growth and
survival. mTOR is a protein kinase that acts
downstream of PI3K and AKT and plays an important
role in cell growth, survival and protein synthesis
regulation. There are two mTOR complexes: mTORC1
activates ribosomal protein S6 kinase 1 (p70S6K,
which directs the translation of cell cycle regulatory
proteins such as Cyclin D1 and myc6, TNF-
a/mTOR/S6K1 patwhay activates Gli1'¥, and
inactivates eukaryotic translation initiation factor 4E-
binding protein 1 (4E-BP1), resulting in protein
translation and cell growth, whereas mTORC?2 together
with PDK1 phosphorylates and activates AKT.18
PKD1 phosphorylate the p85 regulatory subunit of
PI3K (which is inhibited —do not bind RTKs—when
it is phosphorylated in the SH2 domen by PKD1.1'° Ras
can also activate the PI3K signalling cascade*®* and
RalGDS (Ras-like guanine nucleotide-dissociation
stimulator).120:%

mTOR gene expression was significantly
increased in psoriasis, allergic contact dermatitis
(ACD), atopic dermatitis (AD) as well as in EGFR
inhibitor induced cutaneous rash, compared to healthy
skin. Psoriasis mTOR expression was also enhanced in
non-lesional skin of psoriatic patients but only weakly
expressed in the epidermis from healthy individuals.
Conversely, mTOR gene expression resulted decreased
in peripheral blood mononuclear cells (PBMC) isolated
from psoriatic subjects when compared to healthy
controls. To confirm the effective enhancement of
MTOR in these skin inflammatory diseases Balato A et
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al. also investigated the expression of mRNA levels of
key negative upstream regulators ofmTOR such as TSC
1and TSC2. TSC | and TSC2 gene expression were not
enhanced in psoriasis and ACD and significantly
reduced in AD compared to healthy skin; particularly,
as regards EGFR inhibitor induced cutaneous rash,
TSC1 levels were not significantly increased, whereas
TSC2 gene expression was reduced. The results found
by investigating TSC1 and TSC2 expression suggest
that the augmentation of mTOR in psoriasis, AD as
well as ACD could be functionally active because not
inhibited by its major negative upstream regulators.
Since their experiments showed that mMTOR may be
involved in skin inflammation they also investigated
gene expression of its major downstream effectors such
as 4EBPI and S6KI, which are known as the best output
of mMTORC1. Neither 4EBPI nor S6KI were
significantly augmented in psoriasis, AD, ACD or
EGFR inhibitor induced cutaneous rash suggesting that
MTOR pathways involved in skin inflammation are
different from those traditional and well-known such as
those implicated in protein and lipid synthesis.?
Additionally, Balato A et al. in vivo and in vitro
experiments showed lack of a significant relationship
between mTOR, TNF-a and IL-I7A, supporting the
hypothesis of alternative signalling pathways for
MTOR activation in skin inflammation. Taken together,
their results suggested that mTOR is involved in
cutaneous inflammatory process, but through a
signalling not directly dependent from Th1-Th17
pathway.3%

A recent research by Iversen et al. using
quantitative ~ RT-PCR  (reverse  transcription-
polymerase chain reaction), determined the mRNA
expression of the seven of 14-3-3 isoforms (B, v, €, {, 1,
o and 1) in involved and uninvolved skin from
psoriasis, basal cell carcinoma (BCC), atopic dermatitis
and nickel induced allergic contact dermatitis. 14-3-3c
mRNA expression was increased in psoriasis and
contact dermatitis, but not in BCC. In atopic dermatitis
no significant difference between involved and
uninvolved skin was found. Increased 14-3-3t mMRNA
levels were detected in involved skin from patients with
psoriasis, contact dermatitis and BCC. Only 14-3-3t
expression (protein) was significantly increased in
involved psoriatic skin compared with uninvolved
skin.?* The docking interaction between 14-3-3t and
PKD1 actually decreases PKD1 catalytic activity,
probably through nuclear export of activated
PKD1.1*°% |Immunofluorescence staining with 14-3-3t
and 14-3-3c (stratifin) specific antibodies showed
localization of both isoforms to the cytoplasm of the
keratinocytes in the various skin sections.’® The o
isoform is of particular interest because it is specifically
expressed in epithelial cells, and its expression is
frequently lost during breast and prostate cancer
progression. The received data strongly suggest that
S11 phosphorylation of Snail is critical for binding to
14-3-3c and PKD1 is able to phosphorylate S11 in
vivo':%, although there is no data in keratinocytes or in
epithelial cancer cell lines. Snail protein is also pulled
down with 14-3-3n independent of PKD1.122 %-Fig. 4

Increased expression of PKD1 was detected in
ADM (Acinar-to-ductal metaplasia) and in PanIN
(pancreatic intraepithelial neoplasia) lesions, but not in
adjacent regions of “normal” acinar structures. PKDI
overexpression was previously implicated in pancreatic
cancer.1231246%15  Mediators of ADM in vivo are
activating mutations of Kras, inflammation and
persistent activation of the EGF-R. Approximately
95% of all pancreatic ductal adenocarcinoma (PDAC)
express either somatic activating mutations of Kras or
show increased epidermal growth factor receptor
(EGF-R) signaling. In a transgenic animal model, in
which an oncogenic mutant of Kras is expressed in
acinar cells of the pancreas, ADM and progression to
PanIN lesions are observed. These events caused by
mutated Kras are further potentiated and lead to
pancreatic cancer, when additional pancreatic
inflammation occurs, 123124108

In transgenic mice that express TGFo (EGF-R
ligand) in the pancreatic epithelium, in areas where
acinar cells undergo ADM, the PKD expression pattern
was altered. Of the three PKD isoforms, PKD1, PKD2
and PKD3, acinar cells of normal pancreas express only
PKD3. As a result of TGFa signaling, PKD1
expression and activity can be detected in regions of
ADM, PanIN1 and PanIN2 pre-neoplastic lesions,
while the 2 other PKD isoforms are not involved in
these processes (their expression decreased in regions
of ADM). As the author wrote questions remaining are
i) how PKD1 expression is upregulated by both, mutant
Kras and EGFR signaling?; and ii) how both pathways
can mediate activation of PKD1? Since PKD1 activity
downstream of Kras was determined by measuring
nPKC-mediated activating phosphorylations, an
involvement of the novel PKCs - PKCg and/or PKC4 is
most  likely, and this is currently under
investigation. 123124

A more detailed analysis showed that the knockout
of PKD1 delays the progression of ADM areas to
PanINs. Introduction of wildtype PKD1 increased
ADM events in 3D explant cell culture approximately
2-fold and constitutively-active PKD1 approximately
6-fold as compared to virus control or kinase dead
PKD1. However, ducts generated by active PKD1 were
neither as large, nor as well developed as ducts obtained
when metaplasia was induced with TGFa. PKD1 has
been shown to activate nuclear factor k-B (NF-xB) and
Notch; and NF«xB and Notch both cooperate in some
signaling pathways,10312515100 Sjnce specific small
molecule PKD inhibitors exis, PKD1 is a promising
new target to prevent ADM and further progression to
PanIN pancreatic lesions.*?32* Finally, increased
PKD1 activity can be detected in regions of
pancreatitis, in ADM, PanIN1 and PanIN2 pre-
neoplastic pancreatic lesions!® and in pancreatic
Cancer.1°°'125’69

Human Papilloma Viruses (HPV)

In recent years, the human papilloma virus (HPV)
and its link with HNSCC, particularly in oropharyngeal
tumors, has been illustrated. Not only can HPV be used
as a biomarker of prognostic significance, but also as a
preventative target. There are more than 100 subtypes



East European Scientific Journal #4(68), 2021 49

of HPV, some of which are involved in carcinogenesis
and have been designated as high-risk HPVs (e.g. HPV-
16 and -18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 66)*?7,
type 16 is most commonly associated with HNSCC.
HPV is a double-stranded DNA virus that encodes
several proteins, among which are three oncoproteins:
E5, E6, and E7. HPV infection is an early, and probably
initiating, oncogenic event in HNSCCs. High-risk
oncogenic HPV subtypes have been shown to be
capable of transforming oral epithelial cells through the
viral oncoproteins E6 and E7. In the USA, about 40-
80% of oropharyngeal cancers are caused by HPV,
whereas in Europe the proportion varies from around
90% in Sweden to less than 20% in communities with
the highest tobacco use. Patients tend to be younger,
with no prior history of tobacco and/or heavy alcohol
consumption. There is evidence that HPV-positive
HNSCC is a sexually transmitted disease. A strong
association between sexual behavior (oral sex) and risk
of oropharyngeal cancer as well as HPV-16-positive
HNSCC has been demonstrated.®? HPV 16 and 18 are
well known because they have been shown to
significantly increase the risk of cervical cancer in
women who have persistent infections with these two
types of HPV 1!

The HPV EG6 protein binds p53 and promotes its
degradation, whereas E7 protein binds and inactivates
PRb liberating E2F. E2F activates genes responsible for
cell cycle progression through the G1 to S phase,
including cyclin A, E and DNA polymerase, causing
inactivation of checkpoints and regulatory pathways,
and ultimately promoting cellular proliferation and
transformation. These viral oncoproteins determine cell
cycle entry and inhibition of p53-mediated apoptosis.
HPV-dependent inhibition of pRb promotes pl6
accumulation. p16 represents a surrogate marker of
HPV-positive HNSCC (see below®1?%!18) In contrast
to HPV-negative tumours, the expression of CDKN2A,
encoding p16'K4A is highly upregulated, but often
inactivated and cyclin D1 is often overexpressed in
HNSCC contributing to increased proliferation®*¢, but
its amplification is infrequent.**® Expression of total
and nuclear EGFR was higher in p16-negative tumors
(HPV-) compared to p16-positive tumors (HPV+).%11

Doorslaer and Burk showed that oncogenic types
papilloma virus (HPV) specifically activate the hnTERT
promoter, while non-oncogenic types do not.%
Additionally, TERT has been described to have
influence in several other molecules and pathways,
which modify responses to inflammation, cell death,
apoptosis and DNA damage responses, EMT and
oncogenesis. TERT binds to c-MYC and recruits the
complex to heparanase promoter to upregulate
heparanase expression promoting invasion and
metastasis of gastric cancer cells; furthermore, TERT-
activated Wnt/p-Catenin signalling promotes c-MYC
expression, which could in turn activate TERT
transcription and expression in a positive feedback
loop; It was also described that TERT overexpression
upregulated the expression and transcriptional activity
of a key cell cycle regulator, cyclin D1, in human
prostate epithelial cell lines; (iii) finally, it has been

shown that TERT regulation of ITGB1 in the MDM2-
FOXO03a- ITGB pathway is able to promote gastric
cancer invasion; (iv) TERT is capable of activating the
transcription of vascular endothelial growth factor
(VEGF) in WI-38 and HeLa cells, this activation being
independent of telomerase activity and telomere
maintenance.®® hTERT can modulate classical cancer
pathways including NF-xB, TGF-B/Smad, and Wnt
signaling that all contribute to the metastatic potential
and stem cell phenotype of cancer cells.®®

Resistance to cancer treatment -
Radiation and Drugs

In a paper Hamakawa et al. focused on the 4
molecules, epidermal growth factor receptor (EGFR),
cyclooxygenase-2 (COX-2), peroxisome proliferator-
activated receptor gamma (PPARY), and progesterone
receptor, that are, respectively, associated with the
proliferation and the differentiation of OSCC (oral
squamous cell carcinoma) and SGC (salivary gland
cancer). Gefitinib ("lressa,” ZD1839), a small molecule
EGFR tyrosine kinase inhibitor, can inhibit the
proliferation of OSCC cell lines in a dose- and time-
dependent manner and lead to cell cycle arrest with
accumulation of cells in the G1 phase, and a decrease
of cells in S phase. The agent suppressed tumor
metastasis in the animal model. Furthermore, a
cooperative antiproliferative effect was obtained when
cancer cells were treated with radiation followed by
Gefitinib. While radiation alone did not significantly
affect p38 mitogen-activated protein kinase and MAP
kinase kinase (MEK)1/2 autophosphorylation, the
combination of gefitinib and radiation completely
inhibited the downstream signaling of EGFR. Gefitinib
enhanced tumor radioresponsiveness by multiple
mechanisms, including the growth inhibition and
effects on DNA repair after exposure to radiation. Next,
the level of COX-2 expression correlated inversely
with increased tumor radiation sensitivity. Treatment
with Celecoxib, a COX-2 selective inhibitor, enhanced
the radioresponsiveness of HSC-2 cells, which
constitutively expressed COX-2. Another promising
molecular target is the PPARy, which is a member of
the nuclear superfamily of ligand-activated
transcription factors. Recent studies have demonstrated
that PPARYy ligands induce cellular differentiation and
inhibit cell growth in carcinomas of various types.
These data suggest that synthetic PPARy ligands may
be useful for molecular targeting of oral cancer.*3°

Aravindan N. et al. studies indicated that ionizing
radiation (IR) induces NF-kB-dependent clonal
expansion of therapy resistant tumor cells. Functional
NF-xB mediates telomerase activity by binding to the
kB binding region in the promoter region of TERT,
induced also by IR. Elimination of the NF-xB
recognition site on telomerase or muting NF-«xB
compromises  IR-induced telomerase  promoter
activation, confirmed by authors results. The authors
investigated whether mitigation of NF-xB-dependent
telomerase activation by EGFR tyrosine Kkinase
inhibitor can enhance IR-induced celling killing. SCC-
4 and SCC-9 cells exposed to IR with or without
Pelitinib (EGFR Tyrosine Kinase Inhibitor) were

lonizing
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examined for NF-xB and hTERT transcription using
luciferase reporter assays. Pelitinib inhibited NF-xB
activity and potentiates IR-induced cell Killing.
Furthermore, authors found that Pelitinib inhibited IR-
induced TERT transcription, transactivation and
telomerase activation in IR-exposed and NF-«xB-
overexpressed cells. The authors proposed that if IR-
induced NF-kB-mediated cell survival supported by
telomerase activation, can be inhibited with Pelitinib
treatment, one could further enhance therapeutic
outcome in squamous cell carcinoma.>?

In a previous study Tamatani T. et al
demonstrated that human head and neck cancer cells
have significantly enhanced levels of transcription
factor nuclear factor (NF)-«B activity compared to their
normal counterparts, suggesting that NF-kB plays an
important role in the development of this type of
cancer. However, it has been reported that
chemotherapeutic agents and radiation activate NF-xB
activity in cancer cells, thus making the cells
chemoresistant and radioresistant. In addition, they
have shown that the suppression of NF-kB activity
enhanced apoptosis in oral squamous cell carcinoma
cells. The authors examined whether Cepharanthin-
induced inhibition of NF-xB activity enhances
radiosensitivity in  human oral carcinoma cells.
Cepharanthin is a biscoclaurine alkaloid extracted from
the roots of Stephania cepharantha hayata, and is
widely used in Japan for the treatment of patients with
leucopenia, nasal allergy, and venomous shakebites.
Gamma-irradiation (IR) induces NF-«xB activity in oral
carcinoma cells through the activation of upstream
molecules, including Akt and I1xB kinase. However, a
luciferase assay revealed that cepharanthin suppresses
IR-induced NF-«xB activity in oral squamous cell
carcinoma cells, thereby enhancing the radio-
sensitivity. In an in vivo study, B88 cells (oral SCC cell
line) were s.c. inoculated into the backs of nude mice.
Tumor-bearing nude mice received either cepharanthin,
IR alone, or a combination of cepharanthin and IR. The
combined treatment suppressed tumor growth
significantly more than either cepharanthin or IR alone.
Cepharanthin inhibited the production of IR-induced
IL-6 and IL-8, which are downstream targets of NF-«B.
In quantitative real-time RT-PCR, IR also induced the
expression of anti-apoptotic proteins (cellular inhibitor
of apoptosis protein (clAP)-1 and -2) in carcinoma
cells. Treatment of cancer cells with Cepharanthin
combined with exposure to IR decreased clAP-1 and -
2 mRNA expression. These findings suggested that the
combination of radiotherapy and Cepharanthin could
enhance radiosensitivity in the treatment of human oral
cancer. 3!

Telomerase activity (TA), frequently observed in
cancer, compensates for telomere shortening thus
preventing cell senescence and conferring resistance to
therapy. In a study, Papanikolaou V. et al. investigated
the expression of human telomerase reverse
transcriptase (hnTERT) and TA and their regulation, as
well as apoptotic rates and correlation with the presence
of human epidermal growth factor receptor 2 (HER2),
in irradiated tumour-derived breast cancer cells. In 50

breast cancer tissue samples hTERT mRNA expression
and TA were correlated with cell features (HER2,
Estrogen and Progesterone  Receptor  status).
hTERT/TA were found increased only in irradiated
HER2-positive cells, which were found to be more
radioresistant, while HER2 knockdown led to
hTERT/TA downregulation. HER2 was found to
mediate hTERT expression through activation of
Nuclear Factor-kappa B (NF-kB) and c-myc. The study
suggests that following irradiation, HER2 receptor
activates hTERT/telomerase, increasing the breast
cancer cells' survival potential, through sequential
induction of transcription factors NF-«xB and c-myc.!32

However, in a cross sectional study 80 cases of
BCC including at least 2 millimeter of surrounding
normal skin were selected and analyzed.
Immunohistochemical method is used for evaluation of
membranous expression of HER2 protein in BCC
compared to normal skin. Of 80 cases studied, 34
(42.5%) were female and 46 (57.5%) were male.
Membranous staining was found in 44 (55%) of normal
surrounding skin and 6 (7.5%) of BCC cases. The
increased membranous expression of HER2 in
surrounding normal skin compared to BCC was
statistically significant. Above findings suggest that
HER2 protein could be a factor in developing of BCC
and can be used as a negative marker in diagnosis of
BCC.1*® Additionally, Liu B et al. found that the
expression of c-erbB-1 oncogene in all BCC increased
by different degrees and the expression of c-erbB-2
oncogene in BCC was significantly reduced or lost
when compared to that in normal epidermal cells.
Furthermore, apparent negative and positive
relationships were observed respectively between the
tumor differentiation and the expression of c-erbB-1
and c-erbB-2 oncogenes in SCC.1*

As it was mentioned above a role for NF-xB has
been implicated also in the pathogenesis of
hepatocellular carcinoma. This transcription factor can
regulate hnTERT gene transcription, which was found to
be at high levels in this carcinoma. However, positive
effects of NF-xB on hTERT protein synthesis in
HepG(2) cells were unknown. The authors showed that
LPS (specific binding to TLR4 (Toll-Like Receptor 4)
to activate NF-xB) was positive for NF-xB p65 mMRNA
expression and activation, and also up-regulated
hTERT mRNA and protein expressions at 36h in a
dose-dependent manner. In contrast, MG-132
(blocking the activity of 26S proteasome and thereby
preventing nuclear translocation of NF-«xB)
significantly inhibited activation of NF-xB and mRNA
expression. And also reduced the expression of h\TERT
at both mRNA and protein levels at 36h in a dose-
dependent manner. Furthermore, dexamethasone
inhibited LPS-induced activation of NF-«xB and
expression of the hTERT in HepG(2) cells. These
findings suggest that NF-xB may modulate hTERT
MRNA level, importantly, in protein level in HepG(2)
cells and dexamethasone inhibits LPS-induced hTERT
via blocking NF-xB.%

Activation of NF-xB up-regulates cell cycle
mediators (cyclin D1, c-Myc), anti-apoptotic (c-FLIP,
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survivin, Bcl-XL) and adhesion molecules (ICAM-1,
ELAM-1,VCAM-17), proteolytic enzymes (e.g.,
MMP, uPA),and pro-inflammatory factors (PGHS-2
(COX-2), LOX, prostaglandins, cytokines — IL-1, IL-6,
IL-8, IL-23, TNF, TGF-B, EGF), iNOS, chemokines
(CCL2,CCL20), that promote an invasive phenotype.
In particular NF-xB provides a mechanistic link
between inflammation and tumorigenesis. NF-xB is a
major factor which controls apoptosis — based tumor
immune surveillance mechanisms of pre-neoplastic and
malignant cells. NF-xB also regulates tumor
angiogenesis (VEGF) and invasiveness, and may
contribute to chemo- and radioresistance of tumor cells
(see above).%2

lonizing radiation (IR) instantaneously causes the
formation of water radiolysis products that contain
some reactive oxygen species (ROS), ROS are also
suggested to be released from biological sources in
irradiated cells.?® The results of Rzeszowska-Wolny et
al. also showed that ionizing radiation activates cellular
processes which produce long-lasting ROS and RNS
(Reactive nitrogen species) radicals, which may have
different sources in different cell types and could
participate in cellular signaling networks important for
radiosensitivity and mode of cell death.!®13 The free
radicals generated by ionizing radiation can signal p53
translocation to the nucleus.**®

Increases in reactive oxygen species (ROS) have
been implicated in age-related diseases, including
cancer. The serine/threonine kinase protein kinase D1
(PKD1) is a stress-responsive kinase and sensor for
reactive oxygen species, which can initiate cell survival
through NF-kappaB signaling. It was previously shown
that in response to ROS, PKD1 is activated at the
mitochondria and regulates the cellular response by
activating the NFkB pathway.®” However, the initial
signaling events leading to localization of PKD1 to the
mitochondria are not completely known.!#? PKD1 is
activated by oncogenic Ras expression and PKD1
promotes Ras OIS (Oncogene-induced senescence) by
mediating inflammatory cytokines interleukin-6 (IL-6)
and interleukin-8 (IL-8) via modulation of NF-xB
activity 4%, The authors demonstrate that ROS-protein
kinase C6 (PKC3)-PKD1 axis is essential for the
establishment and maintenance of IL-6/IL8 induction,
thus preventing cancer occurrence through induction of
cell senescence program. In addition, ablation of PKD1
causes the bypass of Ras OIS, and promotes cell
transformation and tumorigenesis. Thus, the authors
data provide evidence to support that PKD1 could
potentially act as a tumor suppressor to prevent cancer
development at an early stage in the context of
oncogenic Ras activation in ER:Ras IMR90 cells
(human diploid fibroblasts transduced with an
ER:RAS).¥ It is known that PKC3 activity modulates
also PKD1 activation in oxidative damage in
Parkinson's disease (PD) models.’*® PKD1 activation
mediated by a Src family kinase cascade was observed
by Bollag after UVB exposure and UVB-elicited
oxidative stress in mouse keratinocytes.'*3144 From the
other site leukocytes are the main source of RNS and

ROS acting as chemical effectors in inflammation-
driven carcinogenesis.®®

As already mentioned, HIF-1 (Hypoxia inducible
factor-1), the key mediator in hypoxia signaling
pathways, is crucially involved in hypoxia-induced
tumor development. Recent research of Scherbakov
AM et al shows that Snail protects breast cancer cell
from hypoxia attack, at least partly via p-catenin which
up-regulated expression of HIF-1 dependent genes and
inhibits apoptosis. Snaill knock-down enhanced the
hypoxia-induced inhibition of cell proliferation giving
the direct evidence of Snaill involvement into cell
protection from hypoxia attack. Furthermore, the same
authors found that decrease in the estrogen dependency
is correlated with increase in Snaill expression and
activity, and demonstrated the Snaill involvement in
the negative regulation of ER, and showed that Snaill
inhibition partially restores the sensitivity of the
estrogen-hyposensitive  cells  to  antiestrogen
tamoxifen.13%140 PKD1-mediated phosphorylation of
SNAI1 (Snaill,Snail) occurs in the nucleus and
generates a nuclear, inactive DNA/SNAIL complex that
shows decreased interaction with its co-repressor
Ajuba. Analysis of human tissue samples with a newly-
generated phosphospecific antibody for PKD1-
phosphorylated SNAIL1 showed that regulation of
SNAI1 through PKD1 occurs in vivo in normal breast
ductal tissue and is decreased or lost in invasive ductal
carcinoma.4!

It has been shown previously that the transcription
factor HIF-1 is induced in tumor cells not only by
different cytokines and prostaglandins, but also by ROS
and RNS. This obviously includes radiation-induced
activation of HIF-1. HIF-1 is a heterodimeric
transcription factor consisting of a constitutively
expressed B-subunit and an oxygen-regulated a-
subunit. The author investigations revealed no
correlation between basal HIF-1a levels and the
survival fraction in irradiated tumor cell line simplying
that basal HIF-1a levels in human tumor cell lines
obviously do not predict their radiosensitivity under
normoxia.** Administration of the HIF-1 inhibitor YC-
1 to hypoxic cobalt-treated cells derived from
squamous-cell carcinoma of the larynx effectively
inhibited HIF-1o expression, and enhanced the
sensitivity of cells to radiation, decreasing the surviving
fraction to that of normoxic cells. YC-1 was found to
reduce the number of tumor lesions after tumor cell
inoculation in nude mice. Compared to radiation
therapy alone, inhibition of radiation-induced HIF-1
activation by YC-1 led to a significant reduction in
tumor cell growth. 45

Thus, IR-induces NF-xB, telomerase activity and
hTERT transactivation®®'3!, leading to radioresistant
and chemoresistant cells population in different tumour
cells. COX-2 expression, also correlated inversely with
increased tumor radiation sensitivity.*** COX-2 gene is
also NF-xB targeted gene. Furthermore, EGFR
Tyrosine Kinase Inhibitor (Gefitinib, Pelitinib)t®53,
NF-kappaB inhibitors (Cepharanthin®®l, EGCG®,
COX-2 selective inhibitor (Celecoxib)'®, HIF-1
inhibitors (YC-1)1%, and PKD1 unspecific inhibitor
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Resveratrol®® all increase tumor cell sensitivity toward
radiotherapy.

Additionally, resistance of Lung
Adenocarcinomas to Gefitinib or Erlotinib (EGFR
kinase inhibitors) was associated with a secondary
mutation in the EGFR Kinase Domain (T790M
substitution of methionine for threonine at position 790
- exon 20), deletions in exon 19 and L858R mutation in
exon 21. The mutation - T790M was not detected in
untreated  tumor  samples. EGFR  mutation
(EGFRVIIN®, corresponds to a deletion of the
extracellular domain. This variant has been found in
42% of HNSCC, related to the poor response to
monoclonal antibody Cetuximab (competitively
inhibits EGFR).?* Interestingly, EGFRvIII displays
ligand-independent signaling, but has low constitutive
activity. The low constitutive activity is enough to
impart cancer cells with increased signaling, however
its growth advantage is due to the fact that these
receptors are not downregulated by endocytosis.'? As
currently approved EGFR-targeted treatments do not
appear to be efficacious, alternative targeted therapies
against EGFRvIII have been developed, including the
vaccine Rindopepimut and the monoclonal antibody
mAb806 (also known as ABT-806). Rindopepimut did
not pass Phase Il clinical trials and was discontinued
in 2016. ABT-806 has passed Phase I, and an antibody-
drug conjugate based on mAb806 called ABT-414 has
also been advanced to Phase Il (trial identifier
NCT02573324) (review:*?). K-Ras mutations have
been previously associated with primary resistance to
both groups of these drugs?63°4, since K-Ras altertions
lie downstream of the receptor. Approximately 95% of
all pancreatic ductal adenocarcinoma (PDAC) express
either somatic activating mutations of Kras or show
increased epidermal growth factor receptor (EGF-R)
signaling.2® It is thought that oncogenic KRas is an
initial event leading to pancreatic cancer. Oncogenic
KRas upregulates the epidermal growth factor receptor
(EGF-R) and its ligands TGFa and EGF, which leads
to additional activation of wildtype KRas; and activity
of both pathways are needed for pancreatic
tumorigenesis. Major downstream signaling cascades
activated by active KRas in pancreatic cancer are the
PI3-K/ PDK1/Akt (known also as PKB) and
Raf/MEK1/2/ERK1/2 (Extracellular signal Regulated
Kinase) pathways.'® PKD1 activity is also elevated in
presence of a mutant Kras, or after EGFR-mediated
activation of endogenous wildtype Kras. As a result of
such signaling, PKD1 expression and activity can be
detected in regions of ADM, PanIN1 and PanIN2 pre-
neoplastic lesions, while the 2 other PKD isoforms are
not involved in these processes.’® Pao et al. examined
60 lung adenocarcinoma patients and showed that K-
ras mutations are associated with a lack of sensitivity to
gefitinib or erlotinib. K-ras mutations seem to be
resistant to EGFR targeting agents and are reported to
be mutually exclusive to EGFR or HER2 gene
mutations. #% In terms of mutations to EGFR-pathway
proteins, the efficacy of anti-EGFR therapy has been
best studied in cancers with K-RAS mutations, with the
consensus that these cancers will display primary

resistance to EGFR inhibitors. The FDA now requires
an accompanying PCR diagnostic test for K-RAS prior
to the prescription of cetuximab or panitumumab for
colon cancer.?

Oncogenic KRas upregulates the epidermal
growth factor receptor (EGF-R) and its ligands, which
leads to additional activation of wildtype KRas; and
activity of both pathways are needed for pancreatic
tumorigenesis.’®® Table with frequency of RAS
mutations according to cancer type was recently given
by Kodaz et al. - Figure1.%

Mutations in targeted kinases (proteins) as a cause
for drug resistances were also reported for mTOR

pahway'?, although PI3K inhibitors or the dual
mTOR/PI3K inhibitors led to a significant delay in
resistance development in several cancer types

including leukemias.?

Genome-wide transcriptional profiling shows that
aPKC and Smo control the expression of similar genes
in tumor cells. aPKC functions downstream of Smo to
phosphorylate and activate Glil, resulting in maximal
DNA binding and transcriptional activation. Activated
aPKC is upregulated in Smo-inhibitor resistant tumors
and targeting aPKC suppresses signaling and growth of
resistant BCC cell lines. The results demonstrate aPKC
is critical for Hh-dependent processes and implicates
aPKC as a new, tumor-selective therapeutic target for
the treatment of Smo-inhibitor resistant cancers
(probably with Smo and Sufu mutations as well as
Gli1/2 amplification).147148

Another reason for chemotherapy resistance are
the CSCs (Cancer Stem Cells), which exhibit increased
resistance to chemotherapy, because of their resistance
to apoptosis and because chemotherapy and
radiotherapy strategies mostly targets dividing cells;
these CSCs easily escape because they remain mostly
in the resting stage of the cell cycle - they are
nondividing or slowly dividing.14%5015! However, they
have the potential to become activated resulting in
recurrences or metastases. These cells have the ability
of self-renewal, maintaining the CSC reservoir and
differentiate into the heterogeneous progeny.*8

Recent studies revealed that resveratrol induced
NPC cells (Nasopharyngeal carcinoma) apoptosis
through activating multiple apoptotic pathways. Shen
et al. found that resveratrol could turn off the metabolic
switch, increased the ROS level, and depolarized
mitochondrial  membranes in  NPC  CSCs
(Nasopharyngeal carcinomas stem cells).*® These
alterations in metabolism occurred concomitantly with
the suppression of the CSC properties including the
resistance to radiotherapy and chemotherapy, self-
renewal capacity, tumor initiation capacity, and
metastatic potential in NPC CSCs. Particularly worth
mentioning is that resveratrol tackled the nexus of NPC
CSCs which resulted in extensive suppression of
stemness, EMT, and metabolism-related genes. This
extensive suppression in CSCs could also be observed
after the authors had ectopically expressed p53, the
downstream target of resveratrol. In addition, the
suppression of CSC properties by resveratrol could be
attenuated by knocking down p53. These findings
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substantiated the notion that p53 may serve as a
common link between metabolism, stemness, and EMT
in CSCs. It was reported that resveratrol can increase
the p53 protein level in breast cancer cell line without
altering the p53mRNA levels, suggesting that
resveratrol may still be useful to treat tumors with a loss
of normal p53 function. Besides, resveratrol could
significantly activate intracellular Notch-1 and restore
wild-type p53 expression in glioblastoma cells. These
findings indicate that resveratrol may be an effective
drug for treatment of tumors without normal p53
function.'®> Furthermore, resveratrol also inhibited
CSC (cancer stem cells) properties in pancreatic cancer,
breast cancer, and glioblastoma. Resveratrol could
efficiently suppress the invasion and metastasis of
tumor cells through reversing the EMT process in lung
and breast cancers. It also reduced the self-renewal
capacity and stemness gene signatures of CSCs in head
and neck cancers.'5?

The major Green tea catechin (polyphenol) EGCG
(epigallocatechin-3-gallate) is also chemopreventive,
reverse the EMT process in melanoma cells and
increases radiosensitivity.%? Morphological
investigations demonstrated that high doses of EGCG
(100 and 200 IM) destroyed tumor nest structures and
caused cellular degenerative changes, in comparison to
untreated control cells. A biological study revealed that
EGCG inhibited growth of Oral SCC cells.'>*

The two plant extract Resveratrol (unspecific
PKD1 inhibitor) and EGCG (unspecific NF-kB
inhibitor) are potent cardioprotectors, which decreases
the unwanted side effects of high doses Celocoxib
(COX-2 inihibitor), which is offen used in iiradiated
and post iiradiated treatment of SCCs, in order to
increases tumor cell sensitivity toward
radiochemotherapy.®® At the same time the both
substances also suppress expression and activity of
COX-2  (PGHS-2)153155156.157  gnd increase
radiosensitivity (see above).

Discussion:

Oral carcinogenesis is a multi-step process. The
first step is the development of potentially malignant
disorders  (PMDs)  known as leukoplakia,
erythroplakia®®, lichen planus, probably trough
mutation in the proteins regulated cell cycle (p16'NK4A,
p21Wall/Cipl/Sdil - 57 kinl - Cyclin D1(amplification).?8
Detection of their mutations could be used for early
diagnosis of PMDs. Second mutations in Ras, p53
(TP53) (could be also first), EGFR, hTERT, could be
used as markers for early malignant transformation, and
probably third in PKD1 and/or E-cadherin genes,
leading to activation of EMT, could be used for
detection  of  aggressive  alterations.  Thus,
overexpression of inactivated or mutated forms of p53
in oral epithelial dysplasia has been associated with
high risk for transformation to early stage OSCC.¥
Early mutations in p53 were detected in erythroplakia
(46%), oral lichen planus (33%), leucoplakia (13.3%)
and  Actinic  keratosis, though  with  low
frequencies.162158.159.160 |n BCC mutations of p53 (56%
of all types of BCCs? are known to be late events,
whereas silencing of 14-3-3 takes place early in tumor

progression, concomitant with increased expression of
PKD1 and Snail and down-regulation of c-myc
MRNA94 |n BCCs mutations in p16'™<4 (3.5%161)
are rare and in EGFR are not detected.!!

Mutations in Ras are not detected in PMDs (with
exception of Actinic keratose (AK) (16%)%%?7,
Keratoacanthoma (KA)*¢ and papillomas®®®*, as a first
mutation, without mutations in p16'"N%444_Table 1 and
Table 2), with low frequencies in SCCs (11% harbor
activating Ras  mutations)®, and  frequent
overactivation in BCCs (mutations ranging from 10 to
30% (50%) according different authors).%82°31 Many
head and neck cancers are squamous cell carcinomas.
More than half a million people are affected every year.
The prevalence has continued to gradually increase in
recent years. Overall survival in patients with KRAS
mutation head and neck tumor is worse. KRAS
mutations also demonstrate social differences in head
and neck tumors, like many cancers. Though the
mutation frequency is 5% in oral cavity tumors in
Western societies, it can be seen in up to 18% of cases
in Eastern societies. The frequency of KRAS mutation
in malignant larynx lesions was 4.8% in one study
performed, while there were no HRAS and NRAS
mutations. In Eastern societies, the frequency of HRAS
mutation in oral cavity tumors can be as much as 35%.
KRAS mutation was not detected at all in mouth and
hypopharynx cancers in another study conducted.
There is KRAS mutation in 11.5% and 3.3% of patients
with laryngeal cancer and oropharynx cancer,
respectively. NRAS mutation in nasopharynx cancer is
reported as 4%, while HRAS mutation is <1% and
KRAS mutation is very rare® (Table 1). Ras can also
activate the PI3K signalling cascade, genetic
aberrations of this pathway are also not very common
in HNSCC, with mutation in p110c catalytic subunit
(encoded by the PIK3CA gene) in 6-20% of HNSCC
(amplification).t18:41

Since increased expression of hTERT is an early
event in the pathogenesis of hyperproliferative skin
deseases, overexpressed hTERT (under the control of
NF-xB®0:515253) is considered as a proproliferative
(proinflammatory) marker, rather than cancer marker.
Mutations in HTERT promoter of hTERT gene were
detected recently in both BCCs and SCCs, which could
be use as a marker for cancer transformation.?® The
quantitative determination especially of EGFR
expression could be used as markers for detection of
late PML and SCCs, although there are also some
conflicting results (see above). It was also shown
recently that 42% of HNSCC possess mutations in the
gene of EGFR.?* Thus, detection of mutated genes
EGFR and hTERT could be more appropriate for early
diagnosis of SCCs.

NF-xB is a key transcription factor that is
activated by multiple receptors and regulates the
expression of a wide variety of proteins that control
innate and adaptive immunity. A number of studies
indicate that PKD is a mediator of NF-xB induction in
a variety of cells exposed to GPCR agonists or
oxidative stress. In view of the increasing recognition
of the interplay between inflammation and cancer
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development, a possible role of PKD in linking these
processes is of importance. However, the precise
molecular ~ mechanisms  remain  incompletely
understood. Stimulation of human colonic epithelial
NCM460 cells with the GPCR agonist and bioactive
lipid lysophosphatidic acid (LPA) led to a rapid and
striking activation of PKD2, the major isoform of the
PKD family expressed by these cells. LPA stimulated
the production of interleukin 8 (IL-8), a potent pro-
inflammatory chemokine, and stimulated NF-xB
activation. PKD2 gene silencing dramatically reduced
LPA-stimulated NF-xB promoter activity and IL-8
production. These results imply that PKD2 mediates
LPA-stimulated 1L-8 secretion in NCM460 cells
through a NF-xB-dependent pathway. PKD2 has also
been implicated in mediating NF-«B activation by Bcr-
Abl in myeloidleukemia cells. Prostaglandins (e.g.,
PGE2) produced through COX-2 play a critical role in
colon cancer development, and colonic myofibroblasts
are major contributors to their generation. Recent
results demonstrated that knockdown of PKD1 in these
cells prevented the synergistic increase in COX-2
expression induced by the proinflammatory mediators
bradykinin and tumor necrosis factor (TNF)-a. Thus
these novel results raise the attractive possibility that
PKD plays a critical role in mediating COX-2
expression in response to potent pro-inflammatory
mediators in human colonic myofibroblasts.”

NF-«xB also plays a critical role in inflammatory
and cell death responses during acute pancreatitis. The
PKC isoforms PKCs and ¢ are key regulators of NF-xB
activation induced by cholecystokinin-8 (CCK-8), an
agonist that induces pancreatitis when administered to
rodents at supra-maximal doses. PKD was shown to
function downstream of PKC6 and PKCe in pancreatic
acinar cells stimulated by CCK-8. Specifically, PKD
was necessary for NF-xB activation induced by these
GPCR agonists in pancreatic cells. These results
identify PKD1 as a novel element in the signaling
pathways mediating NF-xB activation in acute
pancreatitis.® PKD has been also identified as one of
the critical factors in the development of
hypersensitivity pneumonitis caused by microbial
agents. Inhibition of PKD1 activation could be an
effective way to control acute inflammatory conditions
in diverse organs.®’

Recently it was shown that Group B streptococci
(GBS) are one of the leading causes of life-threatening
illness in neonates. In a study Upadhyay K et al, both
live and antibiotic-killed GBS induce activation of
PKD1 through a pathway that is dependent on the TLR
signaling adaptor MyD88 and its downstream kinase
IL-1R-associated kinase 1, but independent of TNFR-
associated  factor 6. Their  studies  using
pharmacological PKD inhibitors and PKD1-
knockdown macrophages revealed that PKD1 is
indispensable for GBS-mediated activation of MAPKs
and NF-«xB and subsequent expression of
proinflammatory mediators. Furthermore, systemic
administration of a PKD inhibitor protects d-
galactosamine—sensitized mice from shock-mediated
death caused by antibiotic-killed GBS. These findings

imply that PKD1 plays a critical regulatory role in
GBS-induced proinflammatory reactions and sepsis,
and inhibition of PKD1 activation together with
antibiotic treatment in GBS-infected neonates could be
an effective way to control GBS diseases.'*

The low level of PKD1 expression in highly
invasive lines was due to epigenetic silencing by DNA
methylation®®° and this down-regulation of PKD1
leads also to increase expression of MMPs
(metalloproteinase), another factor connected with
invasive behaviour.107163172 There are conflicting
results concerning the use of MMPs expression as
markers for tumors lesions, also closely connected with
invasion and metastasis. However increase in their
expression could be used as a marker for lesions
malignant transformation, especially for MMP-9 and
MT1-MMP (MMP-14) / MMP-2, degrades type IV
colagen in the Basal membranes®®.7:164165166,90.167 gnq
major proteinases associated with increase invasive
activity'68146.169 (increased in both SCCs and BCCs).
Previously it was suggested that BCCs do not have
much metastatic potential because of the retention of
high levels of E-cadherin expression. Matrix
metalloproteinases capable of cleaving E-cadherin are
MMP-3 and -7717° (MMP-9%22 and MMP-1446170 3]s
according recent data (authors’ remark)), which points
out how MMPs may mediate invasion, not only by
directly degrading matrix, but also by cleaving
transmembrane proteins and receptors. E-cadherin
expression is reduced in particularly infiltrative BCCs
that are also known to produce MMP-7.7” Absence of E-
cadherin expression are also associated with
morpheaform and recurrent BCC with MMP-1
immunostai44ning in tumor cells, MMP-9 expression
in stromal cells.t™

As results of Storz and Balaji suggest
downregulation of PKD1, is closely connected with
induction of EMT and hormone-insensitive phenotype
in breast and prostate cancer.1%2%172173.174122 Jsing
EMT markers (vimentin, fibronectin, N-cadherin, vs,
E-cadherin; and transcriptional factors - Snail, Slug,
Twist; HIF-1a), we could not differentiate late PMDs
of early cancer lesions. These markers are useful for
detection of aggressive alteration in tumour
pathogenesis, which is of importance when a surgical
procedure is planned.’® Several published articles
comment the use of E-cadherin expression, together
with one of the mesenchymal markers — vimentin or
fibronectin, instead of increased B-catenin nuclear
staining, for reliable detection of EMTransion, e.g.
aggressive alteration.”®

We can speculate that detection of PKD1 gene
mutations in head and neck cancer will detect again
aggressive alteration and induction of EMT phenotype,
closely connected with increase metastasic abilities and
poor prognosis. There is no data for PKD1 expression
in the PMDs leading to SCCs, nor for detected
mutations in SCCs, PKD1 is down-regulated in SCC,
as a result of genetic and epigenetic alterations.”
Detection of PKD1 gene mutations (and/or, Ras (exc.
AK), TP53, EGFR, HERT), will be usefull, at least for
early diagnosis of SCCs (SCCs do not express PKD17°,
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however it expresses higher level (copy number) of
hTERT, EGFR and c-Myc. BCCs showed increased
expression of PKD1 when compared with normal
epidermis™, therefore it could be usefull for early
diagnostics of BCCs, normal human Keratinocytes
express PKD1 in very low levels, detectable only using
Quantitative Real Time-PCR.”®7 However there is no
data for PKD1 expression in several precancerous
lesions leading to BCCs®*, nor for activating
mutations in PRKD1 (PKD1 gene) in BCCs, nor for
down-regulation (mutations) in aggressive types of
BCCs.!* PKD1 is down-regulate in SCC™ and its
overexpression promoted the growth of HNSCC tumor
xenografts’* from one site, and from another high
PRKD1 mRNA expression as a single marker (HR
2.00,95% ClI 1.28-3.14, Wald’s p = 0.002) and positive
lymph node status (HR 4.00, 95% CI 2.22-7.37,
Wald’s p 0.001) independently predicted for
unfavorable diseasefree survival (DFS),
clinicopathological factors required to accurately
identify patients at high risk for recurrence in operable
laryngeal cancer.!”” Second late increase in PKD1
expression is connected with high metastatic potential
of laryngeal SCC'7 and melonama.!® Activating
mutations in PRKD1 (PKD1 gene) was detected in 73%
of Polymorphous low-grade adenocarcinoma (PLGA) -
E710D amino acid substitution (p.Glu710Asp).176.95148

Conclusions:

The development of biomarkers that can play a
role in the earlier detection of tumor cells, offering
prognostic information can be used as targeted
therapies (Table 2). Proteins levels are subjects of
complex regulation on different levels —DNA
transcription, regulation of the levels and stability of
mRNA, and regulation of the halflive of proteins
(synthesis, degradation, activity/phosphorylation).
Thus, identification of mutations as markers for early
malignant transformation could be more appropriate
not only for early diagnosis of cancer but could
potentially influence treatment strategies in head and
neck cancer (HNC), since mutations in EGFR and Ras
genes are closely associated with resistance to cancer
treatment.

PKD1 could be more appropriate target for
treatment of PMDs, rather than treatment of cancer
lesions. Inhibition of PKD1 activity in ICR mice, using
Peracetylated (—)-epigallocatechin-3-gallate
(ACEGCG), decreases expression of stem cells marker
CD34, reversed the observed alterations, results of the
two steps according (DMBA)-initiated and 12-O-
tetradecanoylphorbol-13-acetate (TPA)-promoted skin
tumorigenesis protocol in ICR mice, keratinocytes
proliferation and papillomas growth (possessing Ras
mutations).®” However, additional studies are necessary
to prove or reject this hypothesis, since silencing of
PKD1 in hTert (N-hTERT) keratinocytes (PMD cell
line, possessing p16'NK4 mutation) have decreased the
markers of keratinocytes differentiation-K10 and
Involucrin.” Contrary the knockout of PKD1 delays the
progression of ADM (Acinar-to-ductal metaplasia)
areas to PanINs (pancreatic intraepithelial
neoplasia).'?*'?* PKD1 in normal murine mammary

gland (NMuMG) epithelial cells is constitutively-active
in its basal state and prevents a transition to a
mesenchymal phenotype (EMT) (through inhibition of
Snail repressed E-cadherin expression).4

In normal human and mouse Kkeratinocytes
silencing of PKD1  promote  Keratinocyte
differentiation, rather than EMT.7®17814470 |n this
regard Snail is expressed in a transient manner, in hair
placodal cells, during budding morphogenesis of the
hair follicle, but is not detectable in the IFE
(interfollicular epidermis).17°% Basal keratinocytes in
the transgenic Snail epidermis display an elongated and
spindle-like morphology, which implies an enhanced
migratory capacity. Finding that transgenic epidermis
exhibited lower levels of E-cadherin in regions
expressing Snail, and increased expression of MMP-9,
support the notion that Snail induces an EMT for tumor
progression.’®®  Snail transgenic mice develop
spontaneous tumours: Craene et al. results indicate that
enhanced Snail expression contributes to the
stabilisation, expansion and survival of skin stem cells
in vivo (CD34+), which can result in both skin tumour
initiation and malignant progression for a variety of
epithelial derived tumour types, such as basal cell
carcinoma, squamous cell carcinoma and sebaceous
gland carcinoma. Snail expression in a skin-specific
p53-null background resulted in accelerated formation
of spontaneous tumours and enhanced metastasis.8
Additionally, Snail expression is induced in chronical
UV irradiated skin, by ERK/p38/JNK-AP-1
dependenet pathway, but not TGF-p or IL-1p pathways.
Elevated expression of Snail, but not Slug, in response
to chronic UV irradiation in human skin may contribute
to UV irradiation-induced skin tumor development.t8?
If we concider that BCCs posses early increase PKD1
expression, inactivating Snail, the probable reason for
developing of BCCs is mutations in 14-3-3c, making
Snail transcriptioanally active.1%%44

Inhibition or silencing of PKD1 in cancer cells is
closely connected with induction of EMT (Epithelial to
Mesenchimal Transition) and more aggressive cancer
phenotype.*? In this regard reexpression of PKD1,
using demethylating agents, was suggested as a
treatment strategy in breast and prostate cancer.?%6%122
In contrast of this scheme is a pancreatic cancer, which
shows early high PKD1 expresion in response of
mutant Kras, or after increased EGFR-mediated
activation of endogenous wildtype Kras. As a result of
such signaling, increased PKD1 expression and activity
can be detected in regions of pancreatitis, ADM,
PanIN1 and PanIN2 pre-neoplastic pancreatic
lesions!® and in pancreatic cancer.1%01%6.6% A recent in
vitro and in vivo animal study involving the use of a
new PKD1-specific, small-molecule inhibitor
(CRT0066101) showed inhibition of pancreatic cancer
growth in vivo and suggests the development of PKD1
inhibitors as a novel therapeutic target not only for the
treatment of pancreatic cancer'?®®®, but also for
prevention of progression of precancerous lesions to
tumors and even prevention of precancerous
lesionst®3123124 and blocking/prevention of severe
pancreatitis in the early stage of the disease.!®® Zhang
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et al. data consistently showed that either knockdown
or overexpression of PKD1 did not significantly alter
the proliferation of HNSCC cells in vitro. However,
interestingly, induction of PKD1 in vivo by Dox
(doxycycline) provided a slight growth advantage to
the HNSCC tumor xenografts and resulted in a
significant increase in final tumor weight in Dox-
induced vs. the non-induced tumors. Overexpression of
PKD1 promoted the growth of HNSCC tumor
xenografts.”* Thus, reexpression of PRKD1 is not also
suitable treatment strategy in HNSCC, since
overexpression of PKD1 promoted the growth of
HNSCC tumor xenografts’™® from one site, and from
another PKD1 down-regulation in HNSCC is not a
consequence of promoter hypermethylation.™

Late high PKD1 expression was detected not only
in laryngeal cancer!”, but in malignant metastatic
melonamas, connected with cadherin switch - down-
regulated E-cadherin and upregulated N-cadherin
expression, increased expression of Cyclin D1. In
melanoma cells that express high levels of E-cadherin
but very low levels of N-cadherin, PKD1 expression is
very faint, in contrary in melanoma cells, that express
null or very low levels of E-cadherin but high levels of
N-cadherin, PKD1 expression was strong with
maximal expression in the most aggressive cell line.
PKD1 expression significantly correlated with the
mesenchymal features of the melanoma cell lines used
in this study and was associated with E-cadherin
negative/N-cadherin positive phenotype and high
metastatic potential (anchorage-independent growth
and migration). PKD1 can induce the activation of
NF«B, a transcription factor that can directly bind to N-
cadherin promoter and activate its expression. In fact,
loss of E-cadherin induces NFxB activity and
consequent N-cadherin expression in melanoma cells.
Thus, regulation of E-cadherin expression by PKD1
could be enough to induce E- to N-cadherin switch,
increase B-catenin nuclear staining and Cyclin D1
expression, promote tumor growth, motility and
invasion through a process called epithelial-
mesenchymal transition (EMT).2 Protein kinase C
inhibitor G66976 but not G66983 induces the reversion
of E- to N-cadherin switch and metastatic phenotype in
melanoma, identifiing the role of inhibited protein
kinase D1 in the reversed process called mesenchymal-
to-epithelial  transition (MET).1® Inhibiton or
knocking-down PKD1 could be useful in metastatic
cancers with late increased PKD1 expression/activity.%

One possible explanation of the discrepancies,
connected with PKD1 function, could be the different
mutational status in different cancer types!® and
differences in signal pathways in different cell types.
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terms
squamous
intraepitheli
al neoplasia
(SIN) or
squamous
intraepitheli
al lesions.
In the oral
cavity, use
of the SIL
(squamous
intraepitheli
al lesions)
terminology
of ‘atypical
hyperplasia’
may lead to
confusion
because of
the large
number of
common
benign
hyperplastic
lesions,
which may
be
encountered
. In oral and
maxillofaci
al
pathology
therefore,
oral
epithelial
dysplasia is
regarded as
the standard

terminology
_202

B: Skin Premalignant Diseases

Chronic .
wounds Keratoacanthomas (KA) Bowen's disease
Actinic keratosis seen on Bowen's disease as seen on a
1. Keratoacanthoma .
the back of the hands . e .| finger
) o https://en.wikipedia.org/wi . — .
https://en.wikipedia.org/w ki/Keratoacanthoma https://en.wikipedia.org/wiki/Bo
iki/Actinic_keratosis wen%27s_disease
Wound that Actinic keratosis (AK) Keratoacanthoma (KA) is | Bowen disease was first
does not heal | usually presents as a common low-grade described in the medical
in an orderly multiple, erythematous (unlikely to metastasize or | literature by a physician named
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set of stages or yellow brown, dry, invade) rapidly-growing JT Bowen in 1912. Bowen
and ina scaly lesions in the sun- skin tumour, with an annual | disease is also known as
predictable exposed areas of the incidence of approximately | squamous cell carcinoma in
amount of body. It is a lesion of the 150 per 100,000, occurring | situ, and is generally considered
time the way | middle-aged and elderly | mostly on sun-exposed an early, noninvasive form of
most wounds | individuals with a male areas in fair-skinned intraepidermal squamous cell
do; wounds predominance. It is patients aged 50 years and | carcinoma. 2%
that do not especially more common | older. It is believed to (https://rarediseases.org/rare-
heal within in those with fair originate from the hair diseases/bowen-disease/)
three months complexions who burn follicle (pilosebaceous unit)
are often (rather than tan) upon sun | and can resemble squamous
considered exposure. The usual sites | cell carcinoma. It is dome- | Bowen's disease is the clinical
chronic of involvement are face, shaped, symmetrical, term for a particular
(https:/fen.wik | trunk, and the dorsal surrounded by a smooth precancerous skin lesion. These
ipedia.org). surfaces of the hands wall of inflamed skin, and lesions rarely cause patients any
and forearms. The capped with keratin scales | symptoms, but appear as well-
lesions may coexist with and debris. It grows defined scaly patches on sun-
lentigo maligna. The rapidly, reaching a large exposed skin, commonly in
surrounding skin shows size within days or weeks, those over 60 years. They occur
additional evidence of sun | pinkish red, dome-shaped more in women and most
damage, including papulonodules measuring frequently involve the lower
atrophy, hypo- or 1-2 cm in diameter, and if legs of those affected in the UK.
hyperpigmentation, and | untreated for months will It is not known why, but the
telangiectasia. AK is an almost always starve itself | body sites most commonly
indicator of exposure to of nourishment, necrose affected vary across different
UV light and predicts the | (die), slough, and heal with | countries. In general, people
risk of developing scarring, spontaneously with Bowen's disease have an
squamous cell regressing within 6-8 excellent prognosis because the
carcinoma months. Keratoacanthoma | disease is typically slow to
(webpathology atlas). is commonly found on sun- | develop and responds
Intraepidermal squamous | exposed skin, often face, favourably to treatment. Lesions
cell carcinomas with forearms and hands. It is are usually slow-growing, and
potential progression to rarely found at a although they are not life-
invasive squamous cell mucocutaneous junction or | threatening, there is a small risk
carcinoma?® on Mucous membranes of progression to a skin cancer
Hypertrophic, atrophic, (https://en.wikipedia.org/wi | (estimated to be 3%) known as
bowenoid, acantholytic, ki/Keratoacanthoma). invasive squamous cell
and pigmented, based on Originally described as a carcinoma.
histopathological benign tumor mimicking (https://www.cochrane.org/CDO
examination?® cutaneous squamous cell 07281/SKIN_treatments-
carcinoma (cSCC), KA is cutaneous-bowens-disease)
difficult to distinguish from
¢SCC during its growth,
because both show rapid
expansion, atypical
keratinocyte morphology,
and perineural invasion.
The regressing phase of KA
is histologically distinct.!*
An early change in benign neoplastic increased expression and activity of PKD1 only in

transformation of keratinocytes is the inability to
differentiate in response to Ca?* or the PKC activator
12-O-tetradecanoylphorbol-13-acetate (TPA), which is
in these

consistent with altered PKCa function

cells.2031%8 There is no data for early PKCa mutations
(methylation) in PMDs.*>18 There is data for the

mouse  model

of papillomas?,
(downregulated in 87% of HNSCC™), psoriasis and
BCC.7%% There are no studies of PKD2 (PKD3)
expression of PMDs, although it is possible that PKD2
plays a predominant role in the growth, survival, and
motility of HNSCC cells’*%, nor in BCC.%

among PMDs
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Table 2
Detected mutations in Premalignant Diseases (PMDs) and benign tumour
(p16'NK42 Ras, NF-kB, GLI, TP53, HPV DNA).
F|_r st - Genes: Premalignant Diseases (PMDs): Other mutations: Cancer:
mutation in:
Classical PMDs
Oral leukoplakia lesions TP53 (79%)
(hypermethylation in 44% , in 76% HRAS (35%)
of 0SCCs)? EGFRVIII (42%)
Xeroderma pigmentosum?33 TERT (50%)
Aberrant p16 expression (nuclear NOTCH1 (14-15%)
CDKN2A p16 overexpression despite PIK3CA (3.9- 16.1%)4
increases in p16 gene promoter SCC
methylation) during inflammatory
carcinogenesis caused by Candida
albicans infection’®®
higher p16 expression in
papillomas'®1%” and Actinic
keratosis!®1%4 (lack — DD. HPV/(-)
SCC)
Promoter hypermethylation of
CDKNZ2B and TIMP3 was most
frequent, of BRCA2, APC,
CDKN2A and CDKN2B was
pl6iNKkaa detected in 2 RRP laryngeal
papilloma cases including
recurrences, with subsequent
progression to SCC. Of the 25 cases,
22 were positive for HPV-6, 2 for
HPV-11 and 1 for HPV-16 and 33
in respiratory papillomatosis.'*
Loss of MMP-19 and p16 (negative
in the invasive areas) from the
epithelium could aid in making the
differential diagnosis between well-
differentiated SCCs and
nonmalignant chronic leg wounds
(lack of MMP-7, (MMP-12) MMP- SCC
13 in chronic wounds)*¢ TP53
Between well-differentiated SCC NOTCH1-2 (22% of SCC)
and keratoacanthoma (lack of PIK3CA
MMP-8, presence of MMP-7 and -9 HRAS
in their epithelial pushing border - CDKN2A
SCC) FBXW71%
Benign tumours
SFN (14-3-30)
TP53 (79%)
Actinic (solar) keratosis (16%) (H- CDKN2A (58% in
Ras Ras Ras, N-Ras) 262711, HPV(-)) BCC
Papillomas®4 EGFRVIII (42%) ScC
Keratoacanthoma (28.6%0)'% TERT (50%)
NOTCH1 (14-15%)
PIK3CA (3.9- 16.1%)"
Psoriasis (CARD14 mutation -
NF-KB NFKB epidermal regulator of NF-kB?)
Benign tumours
Trichoepithelioma (TEs) (PTCH®, | SFN (14-3-3c) (68.3%)
GLI Gli CYLD?% mutation), Ras (10-50%) BCC
Cylindromas, TP53 (38-66%)
Trichoblastomas *9+4 TERT (56-78%)"
Erythroplakia (46%),
P53 P53 Oral lichen planus (33%), SCC




[ |
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Leucoplakia (13.3%)
Actinic (solar) keratosis (rare)
162,158,159,160
Papillomas p16™NK% positivity SC(C127116928.128.11
HPV DNA Keratoacanthoma (28.6%)*,'% %,8125,11811 BCCol

*RAS oncogene activation and HPV infection seem to represent two independent factors in the development
of KA.1%
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