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Immunohistochemical characteristics of uveal melanoma assording to the age
at diagnosis, histological type and extension of the tumor

N.V. DANILOVA, S.YU. DAVYDOVA

'Faculty of Fundamental medicine of M.V. Lomonosov Moscow State University (Moscow, 119192, Russian Federation); 2Pathology

department of Russian Postgraduate Medical Academy (Moscow, 123995, Russian Federation)

NMMyHOrHCTOXHMHYECKHE 0COOEHHOCTH YBEAIbHOIH MeJTAHOMBI

B 3aBUCHUMOCTH OT r'MCTOJIOTHYECCKOIo TUIIa, CTCNNCHU HHBA3UH U BO3pacTra

NalnueHTa

H.B. AAHMAOBA'" 2, C.tO. AABbIAOBA'

'®akyAbTeT pyHAAMEHTaAbHOM MeAnUMHbl MITY M. M.B. AomoHocoBa, 119192, Mocksa; 2IbOY «AlNO Poccuickas MeAMLMHCKAs akaAemust

MOCAEAUMAOMHOIO 0bpa3oBaHus», 123995, Mockea

The purpose of this study was to investigate the relationship between MMP9 expression and tumour invasion in different struc-
tures of the eye. We also examined whether there was any correlation between the growth factors (TGFb and EGF), onco-
suppressor proteins (p16 and p53) and Ki-67, and the tumour histological subtypes, atypia level and age at diagnosis. Tumour
specimens were obtained from 42 primary uveal melanomas immediately after enucleation at The Helmholtz Moscow Research
Institute of Eye Diseases. The patients were not treated with radio- or thermotherapy. During our systematic study, we exclusively
employed 10%-formalin fixed, paraffin-wax-embedded tissue sections of UM for histological diagnosis and immunohistochemis-
try. According to our data the hyperexpression of MMP9 and EGFR correlates with a high proportion of spindle cells in a tumour
(Kruskal—Wallis test p=0,1 for each). Moreover, we have demonstrated the association between the level of EGFR, TGFb and
MMP9 expression and the initial invasion stage (Spearman’s test p=0,1). In addition, we have revealed the significant correlation
between TGFb hyperexpression and atypia level (Spearman’s test p=0,059). Our data reflect that the diagnoses at an advanced
age correlate with hyperexpression of p16 (Kruskal—Wallis test p=0,068). An interesting result is that p16 level reduced in inverse
proportion to that of TGFb. On the basis of our data and previous studies, we reached the conclusion that after the lapse of time
the level of p16 rises significantly in order to inhibit proliferating activity of melanocytes in the normally functioning pigmented
layer. However, although the probability of UM diagnoses in elderly is increasing, we have no reliable data for the relationship
with high atypia levels.

Key words: uveal melanoma, immunohistochemistry, TGFb, paxient age.

YBeanbHasi MenaHoma (YM) — oaHa 13 HanboAee 4acTo BCTPEUAIOLMXCSt BHYTPUIAA3HbIX 3A0Ka4eCTBEHHbIX onyxoaen. HecmoTps
Ha 3HAYUTEABHbIM MPOrpecc B 06AaCTM AydeBor 1 xummoTtepanumn YM, npumepHo y 40—50% naumeHToB € 6OAbLIMM NEePBUYHbIM
OMYXOAEBbIM Y3AOM Pa3BMUBAIOTCS OTAAAEHHbIE METACTa3bl, @ CMEPTb OT OMYXOAEBOM NPOrpeccHn HacTynaeT B NepBble FOAbl MOCAE
onepaumn. B cBa3mn ¢ oTCyTCTBMEM AMMMDATUHECKOrO APEHUPOBAHMS YBEAABHOIO TpakTa, YM meTacTtasmpyeT TOAbKO remato-
FeHHbIM MyTem MPenMyLeCTBEHHO B neveHb (95%), Aerkue (24%), koct (16%) n koxy (11%). B nocaearee 10-reTe akKTUBHO
006CY>KAQIOTCS YBEAMUEHWE AOAU MOAOABIX NALMEHTOB (A0 20—35 AeT) € AnarHo3om YM Ha (poHe 06Lero CHUXKeHMst BO3pacTHOM
MAAHKM MpPW NOCTaHOBKe AMarHo3a (0T 55—60 AeT) M BAMsSIHME PasAMUHBIX MOP(OAOrMHECKMX (haKTOPOB Ha MPOrHO3 B 3TOWM
rpynne. Mpu 3TOM aKTUBHO M3y4aeTCst IKCMPECCHST PA3AUUHBIX MMMYHOMMCTOXMMUYECKMX Mapkepos (Ki-67, p53 u p16, TGFb u
EGFR, 1 MMP9) 1 ux poAb B natoreHese MeAaHOMbI COCYAMCTOTO TpakTa. LleAb MCCA@AOBaHUSI — OMpeAeAnTb MMMYHOTUCTOXM-
MUYEeCKne 0COBEHHOCTH YM B 3aBUCHMOCTH OT FTMCTOAOTMHYECKOTO THMa, CTENEHN MHBa3uM 1M BO3pacTa NauneHToB. MaTepuaa u
MeTOAbI. VIccrearoBaHME NMPOBEAEHO Ha apXMBHOM MaTtepuase oT 42 naumeHtoB MHMM raasHbix 6oaesHein um. . TeAbmroAbLa
3a nepuoa ¢ sHeapst 2011 no mioAb 2012 . 3 H1X 24 My>uUmMHbl M 18 >KeHWwKH B Bo3pacTe oT 15 A0 74 AeT (0CHOBHOM BO3pacT
NOCTaHOBKW AMarHosa 58 AeT, cpeaHuit Bo3pacT 44,5 roaa). Bce naumeHTbl ObiAM pasaeAeHbl Ha 3 BO3pacTHble rpynnbi: A0 35 AeT
(7 naunenToB), oT 35 A0 55 AeT (13 nauneHToB) n oT 55 AeT (22 nauneHTa). O6pasLibl ONYyXOAH, B3siTble U3 BOKOBOM KOAOAKM rAA3a
nocaAe sHykaeaumm, pukcrupoBasn B 10% 3abydepeHHom popmarnHe B Tedenne 24—72 4 1 3aAMBaAM B NapaduHoBble OAOKM.
C KaxXA0ro 6A0Ka ObIAM M3rOTOBAEHBI 4-UK Cpe3bl, KOTOPbIE MOHTUPOBAAM Ha BbICOKOAAT€3MBHbIE CTeKAA. MIMMYHOIMCTOXMMMYe-
CKoe oKpatumBaHue u 06paboTky MaTeprana NPOBOAMAM C UCMOAb30BaHMeM aBTocTerHepa Dako. AenapacuHmposatme u peru-
ApaTaumio MPOBOAMAM C MOMOLLbIO cucTembl En Visison Flex («Dako», Aanus) npu Temnepatype 95—98 °C u pH 9,0 B TeueHue
20 MUH B MOAyAe NpeaobpaboTku K aBTocTerHepy (PT-module). B kauectBe xpomoreHa ncnoabzosaan DAB. AHaAu3 pesyAb-
TaTOB MPOBOAMACS C MCMOAb30BaHMeM Nporpammebl Stata 12 no metoay Kpackera—YoAAnca, KOTOPbIA SBASIETCS MHOTOMEPHbIM
ob6obueHnem U-tecta MaHHa—YWUTHU AAS PAHTOBbIX AQHHBIX. AASI OLIEHKM YPOBHS KOPPEASILIMM MCMOAb30BaACs TecT CnmpmeHa,
KOTOPbIM TaKxKe SIBASIETCS! PaHrOBbIM. YPOBEHb 3HAUYUMOCTM (p) NPUHMUMAACS paBHbIM 0,1 AASi KaXkAOTO M3 MeTOAOB. PedyAbTatbl
n o0cyxaeHue. B pesyabTaTe MCCAEAOBAHMSI MOATBEPAUAOCH HaAMUME AOCTOBEPHOM KOPPEASILMM MEXAY KOAMYECTBOM MUTO30B
u Bbicokomn akcnpeccuert TGFb (no Tecty Cnnmpmena p=0,059), npu 3Tom yposeHb akcnipeccun TGFb obpaTtHo nponopuwoHa-
A€H YpOBHIO p16. [eHeTnueckme nccreAoBaHUs 3apybexXHbIX aBTOPOB BbISIBUAM, HYTO AAS MAUMEHTOB C YM XapaKTepHO HaAnume
MyTaLWi B XPOMOCOME 3p22, KOTopasi KOAMPYeT B TOM uncae reH TGFbR2, KOTOpbI B CBOIO OYepeAb BEAET K M3MEHEHMSIM B
SMAD-kackaae (a uMeHHo SMAD Tunos 2, 3 u 4), 3anyckaiowmx cuHTe3 ueaoro cemeinctaa Hrnbmutopos Cdk. Ha ocHoBaHmm
NPUBEAEHHBIX AAHHbIX MOXKHO MPEANOAOXMTh, YTO MOAYUYEHHbIE Pe3yAbTaThl CBUAETEALCTBYIOT B MOAL3Y TOFO, YTO natoreHes YM
HaNPsIMyIO CBsI3aH C MyTaLMsiMM B reHax, koanpytotumx TGFb 1 ero peLientopel, KOTOpble BEAYT K HAPYLIEHWIO PErYASILIUM KAETOU-
HOTO UMKAA Yepe3 yrHeTeHne cuHTe3a p16 1 Kak CA@ACTBUE YBEAUHEHMIO KOAMYECTBAa MUTO30B. HaMK yCTaHOBAEHO, YTO BbICOKMI
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ypoBeHb 3Kcnpeccumn p16 accoummposaH ¢ 6oaee NO3AHUM BbisiBAeHHeM YM (no TecTy Kpackeaa—Yonanca p=0,068). Ha ocHo-
BaHMM BbILEN3AOXKEHHOIO MOXHO CA€AATb BbIBOA, YTO B HOPME C BO3PACTOM KOAMYECTBO P16 AOAXKHO yBEAMUMBATLCS, yrHeTas
Tem CambiM MPOAMdEPaLMIO MEAAHOLIMTOB MUIMEHTHOMO 3MUTeAMs ceT4aTku. Ho ¢ yBeAMdeHnnem BOo3pacTa nauMeHTa BeposiT-
HOCTb AMArHOCTMPOBaTb YM pe3ko Bo3pacTaeT. boAee TOro, No HaWmMm AaHHbLIM He BbISBAEHO KOPPEASILIMU MEXAY YPOoBHeM p16 u
CTeneHbio aTnumu B onyxoan (no Tecty Kpackera—Yonaanca p=0,924). AAsi NOATBEPKAEHUS FUMOTE3bl HEOOXOAMMO NPOBEAEHUE
AAQAbHEWLIMX FEeHeTUYECKMX MCCACAOBAHWUIA MyTaUMii B reHe pl16 C y4eTom Bo3pacTa NOCTAaHOBKM AMarHo3a. OTHOCMTEALHO BAMS-
HMSA Pa3AMYHBIX MaPKEPOB Ha KAETOUHbIM TUIM OMYXOAM, HAMM BbISIBAEHA TeHAGHUMS K yBeAndeHuio yposHs EGFR ¢ ymeHbweHnem
AOAM 3MUTEAMOMAHBIX KAETOK B OMyxoAn (no Tecty Kpackeaa—Yonanca p=0,1). MNMomumo 3Toro, Bbicokas akcnpeccus MMP9
KoppeAnpyeT ¢ 6oaee 6AAronpUATHLIM KAETOUHbLIM TUMOM OnyxoAk (Mo TecTy Kpackena—Yoaanca p=0,1), 4To npoTuBopeunt
AQHHBIM AUTEPATYPbl O HAAMYMM CBA3N MEXAY BbICOKMM ypoBHem MMP9 n EGFR 1 GoAblieit AOAM SMUTEAMOMAHBIX KAETOK B
onyxoau. MpumevaTeAbHo, UTo 3kcrpeccust Mmapkepos MMP9, TGFb 1 EGFR cBsizaHa € HauaAbHbIM 3Tarom MHBa3MM OMyXOAU B
CTPYKTYpbI rAa3a. Hawm AaHHble NpoTMBOpeYaT CylecTBylolei B AuTepaTtype runoTese o6 aktuesaumn MMP9 Ha 6oaee NO3AHNX
3Tanax AnccemMmnHmnpoBaHms YM. 3akatouenne. Ha OCHOBaHMM MOAYHEHHBIX PE3YALTATOB MOXHO MPEAMNOAOXKMTb, 4TO BO3MOXHOE
MCMOAb30BaHWE TapreTHbIX NPenapaTosB paUMOHaAbHEE BCEro NPOBOAMTL Npu Hoaee AOOPOKaYeCTBeHHbIX hopmax YM 1 HavaAb-

HbIX 3Tanax MHBa3MM Kak BO3MOXHbIM Crocob mn3bexatb SHYKA€aUMKM NMOPaKeHHOro raasa.

Katodesble croBa: yBeanbHasi menaHoma, MmmyHornctoxmmus, TGFb, Bo3pacT naumeHTa.

Uveal melanoma (UM) is the commonest type of primary
intraocular malignant tumour. UM is the second most com-
mon form of melanoma and represents approximately 5—6% of
all melanoma diagnoses [1]. Despite significant advances in the
treatment of primary UM, approximately 40—50% of patients
with large tumours develop metastases, with very poor survival
rates after the discovery of metastatic disease, in spite of therapy
[2]. Uveal melanoma cells are thought to metastasize primarily
by hematogenous spread, due to a lack of lymphatic drainage in
the uveal tract. Usually the metastases appear first in the liver in
up to 95% of patients, in the lungs (24%), bone (16 %), and skin
(11%) [2].

There is a tendency to believe that the mean age at diagnosis
is the mid 60s [1], but the median age of UM presentation has
fallen from 65 to 50—55 years due to greater proportion of
younger patients (<20—35 years) through out the last decade
[3]. The influence of different morphologic factors on this phe-
nomenon is still under investigation by many authors. For in-
stance, according to S. Kaliki et al., younger patients at the time
of diagnosis of UM are associated with lower rates of metastasis
compared to middle-aged and older adults [4]. Nevertheless, the
remains a lack of knowledge about age impact on the immuno-
histochemical expression and morphologic parameters of UM.

An extensive body of literature exists on the expression of
different immunohistochemical markers like Ki-67, p53, pl6,
TGFb, EGFR, MMP2 and MMP9 and their role in the patho-
genesis of UM. The matrix metalloproteinase (MMP) family of
enzymes is involved in the degradation of extracellular matrix
components at the tumour—host tissue interface. This degrada-
tion is a key event in the tumour invasion [5]. As noted in recent
reports, MMP2 and MMP9 were predominantly present in epi-
theloid melanomas or the epitheloid portion of mixed cell uveal
melanomas, and high levels of expression were associated with a
significantly higher incidence of metastatic disease [6—8]. On
the other hand, little is known about the involvement of in-
creased MM P-activity in specific invasions (such as optic nerve
or anterior chamber angle, vitreous etc.) or in cell type of UM.

Ki-67 is a non-histone protein component of DNA poly-
merase, expressed in all non-GO0 phases of the cell cycle (all
proliferating cells) [9]. Because of that, Ki-67 monoclonal anti-
bodies have become a robust test of proliferation activity in a
wide variety of tumours. According to M. Mooy, there is a cor-

relation between the Ki-67 index and the presence of the epith-
eloid cell type and apoptotic index [10]. However, although this
marker is widely used as a significant predictive factor, there is
no data about the relationship between the expression of Ki-67
and the atypia level or the patient’s age.

The TP53 onco-suppressor gene encodes the cell-cycle
regulator protein p53. The latter activates with DNA damage
and leads to cell-cycle arrest or apoptosis in normal human
cells. Recent studies have found that 50% of malignant tumours
have mutations in gene TP53, which plays a crucial role in on-
cogenesis [11]. The study by J.S. Chana et al. demonstrates the
absence of any correlation between the cell-type of UM and the
level of marker expression. Moreover, according to their data,
abnormalities in the p53-cascade are unlikely to have any effect
on the progression of UM [12]. Nonetheless, according to S.E.
Coupland et al., p53 was associated with unfavourable out-
comes (death from metastases within the first 5 years after diag-
nosis of UM) and more aggressive tumour growth [13]. In other
words, the potential role of p53 in tumorigenesis of UM re-
mains unclear.

Protein p16 has been identified as an onco-suppressor in
normal human cells. The inhibitory activity of p16 is restricted
to the cyclin D-cdk4 and cyclin D-cdk6 kinases and results in
cell cycle control at the G1-S restriction point. Recent studies
found that the gene CDKN?* (chromosome 9p21) encodes a pu-
tative cell cycle inhibitor, p16, and is frequently lost or rear-
ranged in UM cell lines [14, 15]. The K. Lamperska et al. data
show that increased levels of p16 correlate with the epitheloid
type of UM, but do not have any association with tumour inva-
siveness [16]. In contrast, the results X. Wang et al. provide evi-
dence against p16 having a significant role for p16 in intraocular
melanomas [ 14]. Although p16 is identified as a potential player
in the UM tumorigenic process, no definitive studies have
shown this to be of either prognostic significance or to have any
correlation with the patient’s age.

TGFb is capable of suppressing the growth of normal hu-
man melanocytes, but melanoma cells lose this response both
in skin skin and ocular tissue. It is noteworthy that TGFb is
produced by the ciliary body and the retina within the eye and
that binding to TGFbRI1 results in the activation of biochemical
pathways involving a series of SMAD proteins, which cause the
up-regulation of a number of cdk-inhibitors including p16 [17].
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The information about the primary antibodies

Protein Antibody clone Antibody dilution Manufacturer
Ki-67 MIBI1 RTU Dako (Denmark)
pS3 DO-7 1:30 Dako (Denmark)
pl6 E6H4 1:25 Dako (Denmark)
EGFR EGFR pharmDx Kit for Dako Autostainer Dako (Denmark)
TGF- NCL-TGF-B 1:30 Leica Mycrosystems (Germany)
MMP-2 NCL-MMP2-507 1:100 Leica Mycrosystems (Germany)
MMP-9 NCL-MMP9-439 1:70 Leica Mycrosystems (Germany)

Some authors claim that the expression of endoglin (a trans-
membrane regulatory receptor on proliferating endothelium for
TGFb) can be used as a specific marker for angiogenesis in
uveal melanomas [18]. Unfortunately, the place and role of this
growth factor in pathogenesis of UM is still unknown, as is the
relationship to age at diagnosis, tumour cell-type and the atypia
level.

The same situation exists with EGF (epidermal growth
factor) that is normally synthesized in the liver and promotes
the regenerative process. Even though the role of EGF in UM
progression is still unknown, recent research into primary cuta-
neous melanoma demonstrates a significant correlation be-
tween EGFR alterations and histological subtypes, tumour
thickness, ulceration and metastases formation [19]. Some au-
thors have shown the association of EGFR-level and the meta-
static potential of intraocular melanomas to the liver [20]. Con-
trary to the previous study, A. Kiss et al. [21] do not confirm the
hypothesis of EGFR hyperexpression as a relevant prognostic
factor in patients with UM. In fact, this little-investigated part
of UM pathway needs further examination.

The purpose of this study was to investigate the relationship
between MMP expression and tumour invasion in different
structures of the eye. We also examined whether there was any
correlation between the growth factors (TGFb and EGF), on-
co-suppressor proteins (pl6 and p53) and Ki-67, and the tu-
mour histological subtypes, atypia level and age at diagnosis.

Between January 2011 and July 2012, tumour specimens
were obtained from 42 primary uveal melanomas immediately
after enucleation at The Helmholtz Moscow Research Insti-
tute of Eye Diseases. The patients were not treated with radio-
or thermotherapy. In 33 patients the melanoma was localized
within the uvea. In 13 of these cases it was localized within the
uvea and ciliary body, and 8 of them featured tumours with
extrascleral growth pattern (including 7 cases, where tumours
infiltrated the optic nerve). We included in our study UM with
little pigmentation (28 tumours), some pigmentation (10 tu-
mours) and no pigmentation (4 tumours). Histological diag-
nosis of UM assessed for cell type revealed: 21 cases of spin-
dle, 7 cases of epitheloid and 15 of mixed type. Of the 42 pa-
tients studied, 18 were women and 27 were men. The age range
was from 15 to 74 years with a mean age at diagnosis of 58
years. All patients were divided into three groups according to
the age at diagnosis: young <35 years (7 cases), middle-aged
adults 35—55 years (13 cases), and older adults >55 years (22

cases).
Levels of invasion were evaluated according to sclera infil-
tration or/and emissarium involvement: (0) — absence of

growth, (1) — less than '/, thickness or length involvement,
(2) — about 2/, thickness or length involvement, (3) — infiltra-
tion of all sclera or/and an extra-/intrascleral growth pattern
(including cases with more than 2/, length growth pattern in the
emissary).
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Tumour atypia was analysed by counting the number of
cells with mitotic activity. The mitotic activity was determined
by counting mitotic figures in 40 ‘high-power fields’ (%400
m.p.) and divided into three groups: (1) — <10 mitotic figures,
(2) — 10—40 mitotic figures, (3) — >40 mitotic figures.

During our systematic study, we exclusively employed
10%-formalin fixed, paraffin-wax-embedded tissue sections of
42 UM for histological diagnosis and immunohistochemistry.
Each specimen was serially sectioned into 4-um sections and
mounted on poly-L-lysine-coated glass slides (Dako, Den-
mark) for immunohistochemical staining in Dako autostainer.
After serial paraffin sections were made, they were deparaffi-
nized and rehydrated with the EnVisison Flex system («Dako»,
Denmark) at 90—95 °C and pH 9.0 for 20 min in PT-module.
After washing, antibody-treated (Table) sections were devel-
oped with 3-Diaminobenzidine and counterstained with May-
er’s hematoxylin and coverslipping. Hematoxylin-eosin stain-
ing was performed in separate sections to determine the histo-
logical orientation.

The immunohistological specimens were evaluated by two
independent observers. The stained sections were analysed for
the expression of Ki67, p53, pl6, TGFb, EGFR, MMP2, and
MMPY. Unfortunately, MMP2 did not show any reaction, so it
was excluded from the study.

The expression of MMP9, TGFb and EGFR in the speci-
men was classified by the semi-quantitative method (consider-
ing both the proportion of positive cells and intensity of staining
in a x40 objective in 5 fields): (—) negative; (+) weak; (++)
moderate, or high (+++). For the rest part of the immunohis-
tochemical markers (Ki-67, p53, and p16), we used quantitative
estimation (counting the number of all positive cells in a x40
objective in 10 fields). The proportion of stained cells was as-
sessed as a percentage (%).

Statistical analysis was performed by using the statistical
software package Stata 12 (StataCorp LP, Texas, USA). The
Kruskal-Wallis test was used to determine the associations be-
tween the different variables. Spearman’s test was calculated as
the nonparametric correlation coefficient of statistical depend-
ence between two variables. A p value of <0.1 was considered
significant.

The Ki-67 antibody recognizes a non-histone protein
complex nuclear antigen, which showed only nuclear staining.
Our results are contrary to the Mooy et al. data, and did not
demonstrate any association with the proportion of the epithe-
loid cells in tumours or with the high mitotic rate (found with
Kruskal—Wallis test p=0,879 and p=0,843, respectively).
Moreover, we did not find any correlation between the age of
diagnosis and the level of expression marker of cell proliferation
(Kruskal—Wallis test p=0,31).

The positive nuclear staining of the p53 was present in
54.7% cases. Unfortunately, we did not find any relationship
between p53-level and histological type of UM (Kruskal—Wal-
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Fig. 1. Immunohistochemical staining of uveal melanoma section.

la. Immunohistochemical positive staining for MMP9 of melanoma section (x400); Diffuse matrix and cytoplasm expression of marker is
observed. 1b. P16 showing a variable degree of positive cytoplasm and nuclear staining (X400); 1c. Positive nuclear with low-intensive cytoplasm
background expression of TGFb in spindle cells (x400); 1d. EGFR staining of cytoplasm and nuclei in mixed cell melanoma (x400).

lis test p=0,228). Looking more closely at the histological type,
there is also no correlation with the presence of epitheloid cells
and expression of p53 (Kruskal—Wallis test p=0,812). Another
interesting result was, that on the basis of our data, there is no
significant association between atypia level and expression of
p53 (Kruskal—Wallis test p=0,547).

According to our data the positive staining of the MMP9
was detected in 90.5% of tumours (Fig. 1a). We were looking for
the evidence of Y.Y. El-Shabrawi et al.’s theory on the correla-
tion between the level of MMP9-expression and the aggressive
histological type of intraocular melanoma [6]. According to our
study, MMP9 is predominantly expressed in spindle cell UM
(Kruskal—Wallis test p=0,1, Fig 2a). Our data do not support
the hypothesis noted earlier. Furthermore, there is a tendency
to hyperexpression of the MMP9 at the early stages of invasion
(Fig. 2b). An interesting result was, that 69% of cases showed
positive cell and nuclear staining of the p16 (Fig. 1b). According
to our study, the high levels of expression do not correlate with
histological type of UM (Spearman’s test p=0,9) or mitotic rate
(Kruskal—Wallis test p=0,924). On the other hand, the hyper-
expression of p16 has a significant association with UM diagno-
sis at an advanced age (Kruskal—Wallis test p=0,068, Fig. 3a).
H.J.M. de Jonge et al. suggest that the relationship between the
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high level of p16 and the diagnosis of malignant tumours in the
elderly means there is activity reduction of progenitor haemat-
opoietic stem cells 22. Nevertheless, there is no reliable data to
clarify the reason of this phenomenon for UM.

The results of TGFb immunohistochemical reaction re-
vealed a selective nuclear staining for spindle cells (Fig. 1c). Ac-
cording to the recent studies about TGFb pathway in UM, ex-
pression of this growth factor has a tendency to up-regulate
pl6-gene and other cell-cycle inhibitors [17]. Our data reflect
that the p16 level reduced in inverse proportion to that of TGFb
(Fig. 3b). Moreover, we have revealed the significant correlation
between TGFb hyperexpression and atypia level (Spearman’s
test p=0,059). It is noticeable that the level of TGFb expression
increased in inverse ratio to the stage of scleral invasion (Spear-
man’s test p=0,1). Nevertheless, the histological type of UM
did not have any impact on the level of TGFb (Kruskal—Wallis
test p=0,879).

The positive EGFR-staining was detected in 26.6% of tu-
mours in our research (Fig. 1d). On the one hand, a statistically
significant correlation was observed between the high level of
EGFR expression and spindle cell type of UM (Kruskal—Wal-
lis test p=0,1). On the other hand, an advanced stage of atypia
had no influence on EGFR expression. Nonetheless, according
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Fig. 2. MMP9 expression in uveal melanoma.

2a. MMP?Y is predominantly expressed in spindle cell UM; 2b. There is
a tendency to hyperexpression of the MMP9 at the early stages of
invasion.

to our data, the EGFR hyperexpression correlates with the ear-
ly stages of scleral infiltration (Spearman’s test p=0,038).

The results of the research we have undertaken provided
some insights into the pathogenesis of UM. We have found the
link between the mitotic rate and the high level of TGFb expres-
sion. The latter increased in inverse proportion to the p16 level.
As was mentioned earlier, the genetic survey of N. Myatt et al.
has provided evidence of mutation (usually deletion) in chro-
mosome 3p22 in most UM, which is also contains the TGF-
bR2-gene. Alteration of this receptor lead to disruption of
SMAD-mediated signal transduction (e.g. SMAD 2, 3, and 4
types), that resulted in the up-regulation of a number of cdk
inhibitors, including p16INK4. Thereupon, we have come to a
conclusion about the key-role of abnormalities in TGFb-path-
way that cause down-regulation of pl6-gene and eventually
provoked an increase of mitotic rate. An interesting result is that
diagnoses at an advanced age correlate with hyperexpression of
pl6. On the basis of our data and previous studies, we reached
the conclusion that after the lapse of time the level of p16 rises
significantly in order to inhibit proliferating activity of melano-
cytes in the normally functioning pigmented layer. However,
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Fig. 3. P16 expression in uveal melanoma.

3a. On the other hand, the hyperexpression of pl6 has a significant
association with UM diagnosis at an advanced age; 3b. The p16 level
reduced in inverse proportion to that of TGFb.

although the probability of UM diagnoses in elderly is increas-
ing, we have no reliable data for the relationship with high atyp-
ia levels. Thus, pl6-pathway needs further genetic approval,
subject to the age at diagnosis.

Over the past decade, there has been an increased effort to
study the influence of different immunohistochemical markers
expression on the histological type of UM. On the basis of our
data the hyperexpression of MMP9 and EGFR correlates with a
high proportion of spindle cells in a tumour. These results con-
tradict what have been reported before by different authors [3, 6,
20, 23]. EGFR and MMP?9, used nowadays as targets for anti-
cancer therapy, have provided a new perspective on oncology.
For example, Cetuximab (monoclonal anti-EGFR antibodies)
and MiR-885-5p (MiRNA down-regulator MMP9 expression)
are new target therapies for colorectal adenocarcinoma and glio-
blastoma multiforme, respectively [24, 25]. Moreover, we have
demonstrated the association between the level of EGFR, TGFb
and MMP9 expression and the initial invasion stage. According
to our results, it is more convenient to use this type of therapy on
the early stages of invasion and the more benign histological type
of UM in order to retain an affected eye as an organ.
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