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XULOSA

Orfanetika tibbiyot fanining sohasi sifatida kam
uchraydigan kasalliklarni, shu jumladan agressiv gipofiz
adenomalarini  o'rganishga  bag'ishlangan.  Ushbu
sohadagi tadgigotlar ushbu o'smalarni tashhislash,
davolash va prognozini yaxshilash uchun juda muhimdir.
So'nggi  yillarda aggressive gipofiz adenomalari
asosidagi  genetic va molekulyar mexanizmlarni
tushunishda muhim qadamlar qo'vildi. Bu aniqroq
diagnostika usullari va individual davolashni ishlab
chigish uchun yangi istigbollarni ochadi. Biroq, bu
yutuglarga qaramay, tajovuzkor gipofiz adenomalarini
tashhislashda muammolar saglanib qolmogda, masalan,
Kklinik simptomlarning noaniqligi, ta'lim ma'lumotlarini
sharhlashda  qiyinchiliklar va yanada samarali
biomarkerlarni ishlab chiqish zarurati. VEGFA, HIF-
14, p53, IL-17, gipofiz adenomalari ifodasini tartibga
soluvchi genetik nugsonlar agressivilikni targ’ib qilishi
tekshirildi. Barcha bemorlar klinik tekshiruvdan
o'tkazildi va Knops tasnifi bo'vicha adenoma invaziya
darajasini anigqlash uchun magnit-rezonans tomografiva
(MRT) qo'llanildi. VEGFA, HIF-1A4, Tp53 va IL-174
genlarining polimorfizmlari chastotasini aniqlash uchun
real vaqtda PCR ishlatilgan. Taqdim etilgan natijalar
VEGFA, HIF-14, TP53 va IL-174 ning geterozigot
mutatsiyasining — agressiv ~ gipofiz  adenomalarining
invazivlik modeli bilan bog'ligligi haqidagi argumentni
aniq qo'llab-quvvatlashni ko'rsatdi. Bundan tashqari,
VEGFA va HIF-14 mutatsiyalari ko'prog 3 va 4
darajali birlamchi invaziyasi bo'lgan bemorlarda va
operatsiyadan keyin takroriy o'sadigan adenomalarda,
TP53 va IL-17A ning geterozigotli mutatsiyalari ko'prog
aniqlanganligi topildi, an'anaviy terapivaga qarshilik
ko'rsatadigan gipofiz bezining agressiv adenomalari.
Shunday qilib, o'rganilgan har bir molekulyar genetik
mutatsiya tajovuzkorlikning turli mezonlariga javob
beradi va agressivlikning o'ziga xos diagnostik belgisi
sifatida ishlatilishi mumkin deb taxmin qilish kerak.
Birog, olingan natijalarni tasdiqlash uchun qo'shimcha
tadqiqotlar talab qilinadi.

Kalit so'zlar: agressiv
molekulyar genetika.

gipofiz  adenomalari,

PE3IOME

Opghanemuxa, kax obnacme MeOUYUHCKOU HAYKU,
NOCEAUWEHA U3YUEHUIO PEOKUX 3A00NIe6aAHULL, 8 MOM YUCTIe
aepeccusnvix adenom eunogusa. Hccneoosanus 6 smoii
obnacmu umerom 6adiCHoe 3Haverue OJis YIYYueHUs. Ou-
ACHOCMUKU, JIeYeHUsl U NPO2HO3a 3mux onyxoneil. B no-
cnedHue 200bl ObLIU COeNANbl SHAYUMETbHbLE ULA2U 8 NO-
HUMAHUY 2eHeMUYeCKUX U MOLEKVISIPHbIX MEXAHUZMOS,
JIeXHCAuUX 8 OCHOBE A2PECCUBHBIX AOCHOM 2Uunogusa.
Dmo omKpwisaem HO8ble NEPCREeKMuUesl O pA3pPadOmKU
bonee MouHbLIX MEMOO08 OUASHOCMUKU U UHOUBUOY ATb-
Ho2o neyerus. OOHAKO, HeCMOMPS HA MU OO0 CIUNCEHUA,
COXPAHAIOMCS NPOONEMbl ¢ OUASHOCTNUKOU A2PecCUBHbIX
aoeHom eunogusa, maxue Kak 08YCMblCIEHHOCHb KIUHU-
YECKUX CUMNIMOMO8, MPYOHOCMU C UHmepnpemayueii 00-
PA306AMENbHBIX OAHHBIX U HEOOXO0OUMOCHb Pa3padomKu
bonee s¢hhexmusnvix buomaprepos. boino uccredosaro,
cnocobcmeyom au 2eHemuyeckue 0epexkmol, pezyiupy-
rowue sxcnpeccuro VEGFA, HIF-14, p53, IL-17, adeno-
Mbl 2Unouza azpeccugnomy nogeoenuio. Bee nayuenmol
NpoOUIU KAuHuueckoe 0ociedosanue u 0isi OnpeoeneHus
cmeneHu uHeasuu aoeHom no kiaccuguxayuu Knops, a
maxoice OJisL 6CeX NAYUEHMO8 ObLIA NPUMEHEHA MACHUM -
no-pezonancuas momoepagusa (MPT). IIL[P 6 peanviiom
8peMeHl UCNONb308aaU OJiA UOeHMUDUKAYUU YaACTHOMbL
nonumopusma eenos VEGFA, HIF-14, Tp53, IL-17A.
Cmamucmuyeckutl ananus Obll NPoGedeH ¢ NOMOUbIO
npoepammnozo obecneuenuss R. I[Ipusedennvie pe3ynv-
Mamsl NOKA3AU YEMKYI0 NOOOEPIICKY apeyMeHma 0 Kop-
penayuu eemeposucomuoti mymayuu VEGFA, HIF-14,
TP53 u IL-174 ¢ MoOenvto UHBA3UBHOCIU A2PECCUBHBIX
aodenom eunoghusa. Kpome moeo, 6wi10 6vis61eHo, Umo
mymayuu VEGFA u HIF-14 uawe obnapysicusaiuceo y
nayuenmos ¢ nepeuunol umneasuet 3 u 4 cmenenu u 'y
A0EHOM C peyuousUpPyrOUUM pPOCMOM NOCie Onepayul,
6 mo epems Kax cemepo3zucomuvie mymayuu TP53 u IL-
174 Oviiu bonee udeHMuBuUYUPOBAHbl 6 ASPECCUBHBIX
aoeHomax eunouza ¢ YCMOUHUBOCMbIO K MPaouyu-
onnou mepanuu. Taxum obpazom, ciedyem npeonono-
JACUMB, UMO KAANCOASL UCCTIEO08ANHAS MONEK)ISIPHO-2EHe-
MU4ecKkas Mymayusi omeeyaem pasnuiHbl;M Kpumepusim
aA2peccusHOCmU U MOJICEM UCNOIb308AMbCIL 8 KAYeCmee
cneyu@uuecko2o OUACHOCMUYecKo20 Mapkepa azpec-
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One of the essential features of aggressive pituitary
adenomas is invasion, although the overwhelming major-
ity of pituitary adenomas are regarded as benign tumors
(Pico et al, 2020). Numerous biological and clinical stud-
ies have been carried out to distinguish aggressive pitu-
itary tumors from tumors with less aggressive behavior
(Mastronardi et al, 20017). However, there is no specific
differentiated lineage between invasive and non-invasive
types of aggressive pituitary adenomas (Kovacs et al.,
1996;) Generally, pituitary adenomas maintain a cleav-
age plane with respect to surrounding tissues, although
some of them may attain the impressive size and show
a variety of extension patterns (Di Ieva et al 2014). A
group of adenomas as aggressive pituitary adenomas
demonstrate a propensity for infiltrative and destructive
growth (Dai et al, 2021). Termed “invasive adenomas,”
they demonstrate the biochemical means of infiltrating
blood vessels, dura, bone, adventitia, and nerve sheath
(Sav et al, 2014). Brain invasion is unusual for aggres-
sive pituitary adenomas and is generally considered a
manifestation of “pituitary carcinoma”. This is the main
differential feature between aggressive pituitary adeno-
mas and carcinoma that only carcinomas have prone to
metastasis (Heaney et al, 2014). Invasive adenomas may
be difficult, if not impossible, to eradicate by surgical
means alone. Thus, invasive adenomas are usually eval-
uated equivalently as aggressive adenomas. Although
the majority are macroadenomas, small intrasellar ade-
nomas may also demonstrate radiographically or gross-
ly apparent invasion (Dai et al, 2021). For the purpose
of our discussion, the definition of invasion will be that
of radiographically or operatively apparent invasion of
dura, cavernous sinus, bone, and so forth. It is this subset
of tumors, as opposed to that showing microscopic du-
ral invasion alone, which is thought to be clinically and
prognostically relevant (Dhandapani et al, 2016). Indeed,
simple microscopic dural involvement alone is not con-
sidered significant in that it is an all too common finding,
one directly related to tumor size (Ceccato et al, 2017).

According to recent investigations, the most im-
portant aspects of the pathogenesis of invasion and un-
controlled growth of adenomas are neo-vascularization
induced by the hypoxia (Ilie et al 20220), which results
from the unregulated onco-suppressor activation of p53
(Levy et al 1994).

In addition, the chronic inflammation promoting by
interleukin signaling promotes tumor growth by chang-
ing the cell microenvironment (Qiu et al, 2014). Hence,
we have investigated whether genetic defects regulating
the expression of the VEGFA, HIF-1A, P-53, IL-17 pro-
mote pituitary adenomas’ aggressive behavior.

THE AIM OF THIS STUDY was to identify the fre-
quency of polymorphism G634C of the VEGFA gene,

cusnocmu. OOHAKO 0151 NOOMBEPAHCOEHUS. NOYUEHHBIX
pe3yrbmamos mpebyomcst 0aibHeluue uccied08anusl.

Knrwoueswie cnosa: acpeccusnvie adenomvl eunogu-
30, MONEKYIAPHASL 2EHEMUKA.

G-197A in gene IL17A, C/T of the TP53 gene, and the
HIF1A genes in invasive and non-invasive pituitary ade-
nomas. These results will add prognostic significance to
the clinical diagnosis of invasive pituitary adenomas.

MATERIALS AND METHODS

The study included 100 patients with a clinically
proven diagnosis of pituitary adenoma (main group) and
83 practically healthy people (control group).

The inclusion criteria were hormonally active and
hormonally inactive adenomas with endo, para, infra,
and suprasellar growth, microadenomas (smaller than
Icm) and macroadenomas (larger than 1cm).

Exclusion criteria were: age up to 10 years, oncology
history, genetic diseases.

According to the primary history and laboratory
instrumental data, all patients were divided into 2 main
groups: non-invasive pituitary adenomas (n = 35) and
invasive pituitary adenomas (n = 65), the last one was
divided into 2 subgroups: 2A - 26 patients with invasive
adenomas 1-2 grades and 2B- 39 patients 3-4 invasion
grade. The control group was 83 practically healthy
people. Depending on hormonal activity, patients were
divided into 4 groups: prolactin-secreting adenomas, pa-
tients with ACTH dependent Cushing syndrome (ACTH.
CS), patients with acromegaly, with hormonal inactive
pituitary adenomas (HIA) and a comparison group inci-
dentalomas.

To diagnosis of pituitary adenoma, all examined were
performed an MRI study using an MRI scanner (Philips
1.5T, India) on indications with or without administration
of contrast agents. Scanning technique: T2-TSE transver-
sal projection, T2-TSE sagittal projection, T1-TSE, coro-
nary projection, T1-TSE sagittal projection.

To evaluate the invasion, we used the Knops classi-
fication, according to which the following imaging fea-
tures were evaluated:

1. The size of the adenoma was estimated in three
projections: anterior size X height x width [5]. The vol-
ume of the adenoma was calculated using the formula of
the ellipsoid Di-Chiro-Nelson according to the parame-
ters of three mutually perpendicular sections with mea-
surement of pituitary dimensions

2. Tumor intersection with inter-carotid lines (Knops
classification (Vieira et al, 2004) was assessed.

e 0 degree - adenoma does not affect cavernous

sine (intact cavernous sine)

e Ist degree - tumor does not cross the middle in-

tra-carotid line;

e 2nd degree - tumor spread to the lateral line;

e 3rd degree - tumor spread beyond the lateral

line;

e 4th degree — a cavernous segment of the internal

carotid artery is occupied by tumor.



Molecular genetic analysis.

Molecular genetic studies were carried out in the
laboratory of the molecular genetics department of the
Specialized Scientific Practical Medical Center for
Hematology, Uzbekistan. Venous blood was used as bi-
ological sample. Sampling was done in special ETDA
anticoagulant tubes. DNA isolation was performed by
a standard phenol-chloroform extraction method. DNA
was isolated from peripheral blood leukocytes of patients
of the main group and the control group (healthy) using
the standard phenol-chloroform extraction method using
the DNA-express blood reagent (Synthol, Russia). The
polymorphism of the studied genes was investigated by
the method of Polymorphism of regions of the studied
genes in VEGFA gene G634C positions (152010963 lo-
cus), TP53 2 gene C/T (rs17884159 locus), HIF1A gene
C/T (rs11549465 locus) and G-197A in a gene of IL-17A

carried out by method an allele - specific polymerase
chain reaction with the use of sets of reagents of SNP-
express (Sintol, Russia) (RT-PCR).

Statistical analysis.

In both groups, the distribution of allele frequencies
and genotypes across all the polymorphisms studied was
applied to the x? criterion.

The degree of allele and genotype associations of the
study groups was evaluated in odds ratio odds ratio, OR
values, by the formula: OR = (a x d)/(b x ¢), where a is the
frequency of the allele (genotype) in the patient sample,
b is the frequency of the allele (genotype) in the control
sample, c is the sum of the frequencies of the remaining
alleles (genotypes) in the patient sample, d is the sum of
the frequencies of the remaining alleles (genotypes) in
the control sample.

Table 1
Frequency of the polymorphism of genotypes VEGFA, HIF-1A,TP53_2 and IL-17A
Polymorphism G634C of VEGFA gene
Polymorphism | Control Non-invasive |OR p Control Invasive |OR p
n=83 (%) |n=29 (%) (95%CI) n=83 (%) |n=52 (%) [(95%CI)

G/G 68 (81.9) [25(86.2) 1.37 0.59 [68(81.9) |31(59.6) |[0.32 0.005
(0.4-4.5) (0.14-0.71)

G/C 13(15,7) [4(13.8) 0.86 0.8 13(15,7) [17(32.7) ]02.6 0.02
(0.25-2.8) (1.14-5.98)

C/C 2(2,4) 0 (0) - - 2(2,4) 4(7.7) 03.3 0.17

(0.6-19.1)
Polymorphism C/T of HIF1A gene

C/C 74 (89.2) [25(86.2) 0.76 0.67 [74(89.2) [36(69.2) |0.27 0.005
(0.21-2.68) (0.11-0.67)

C/T 8 (9.6) 4 (13.8) 1.5 0.53 |[8(9.6) 13(25.0) |3.1 0.02
(0.4-5.4) (1.2-8.1)

T/T 1(1.2) 0 (0.0) - - 1(1.2) 3 (5.8) 5.0 0.16

(0.5-49.6)
Polymorphism C/T of TP53 2 gene

C/C 79(95.2) [26(89.6) 2.3 030 [79(95.2) [43(82.7) |0.24 0.02
(0.47-10.8) (0.07-0.83)

C/T 4 (4.8) 3 (10.3) 2.3 030 |[4(4.8) 8 (15.4) 3.6 0.04
(0.47-10.8) (1.02-12.6)

T/T 0(0.0) 0(0.0) - - 0(0.0) 1(1.9) - -

Polymorphism G-197A of IL17A gene

G/G 53(63.9) [20(69.0) 1.25 0.61 [53(63.9) [29(55.8) |0.71 0.34
(0.5-3.1) (0.35-1.44)

G/A 26 (31.3) |8(27.6) 0.83 0.70 [26(31.3) [19(36.5) |[1.26 0.53
(0.32-2.1) (0.60-2.6)

A/A 4 (4.8) 1(3.4) 0.70 0.75 |4 (4.8) 4(7.7) 1.64 0.49
(0.07-6.6) (0.39-6.8)

RESULTS Genetic analysis.

According to the given results the invasion grade 3
and 4 mostly were identified in the patients with non-func-
tioning pituitary adenomas (NFPA) 45.5% (n=10), acro-
megaly 41.2%(n=7) and with the lower percentage in the
patients with prolactinomas 25.0% (n=6). Thus, patients
with NFPA should be taken into consideration as a pro-
spective types of adenomas with aggressive behavior.

10

Our findings of genetic analysis of VEGFA polymor-
phism at least hint that heterozygote mutation (G/C) in
patients with invasive adenomas was detected twofold
higher 32.7% (n=17.2) compared to the control group
15.7% (n=13). Moreover, homozygote mutation C/C is
also observed more in the group of patients with inva-
sive adenomas 7.7% (n=4), which supports the fact that
mechanistic progression of invasive adenomas are con-
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tributed by mutation of angiogenesis via VEGFA.

As reported earlier the main regulator of the VEGFA
is HIF1A. We have conducted the next experiment to
detect, whether VEGFA mutation is correlated simulta-
neously with HIF-A mutation in patients with invasive
adenomas compared to the control group. The results of
the experiment found that heterozygote mutation C/T of
HIF-1A gene detected significantly higher (p=0.02) in
patients with invasive adenomas compared to the control
group, with 25% (n=13) and 9.8% (n=8) respectively.
While in non-invasive adenomas this mutation observed
approximately three times lower. Our results clearly
support the argument of correlation of the VEGFA and
HIF-1A with invasiveness pattern of aggressive pituitary
adenomas.

To identify tumorigenic mechanism and prolifera-
tive prototype of aggressiveness, we have investigated
the role of the most well-known onco-suppressor P-53
and whether genetic mutation of TP-53 2 may contrib-
ute to the tumor invasive growth. It was observed that in
patients with invasive adenomas the frequency of hetero-
zygote mutation (C/T) of the TP-53 2 gene was found
significantly higher 15.4% (n=8) compared to the control
group 4.8% (n=4). It was observed that the frequency of
heterozygote mutation in non-invasive adenomas is con-
stitute 10.3% (n=3) and no homozygote mutations have
been detected in both control and non-invasive adeno-
mas.

Another hypothesis of our study was to identify the
role of the IL-17 in adenomas invasion. It was found that
heterozygote G\A mutation of IL-17A has been found in
36.5% (n=19) of invasive adenomas and 27.6% (n=8) in
non-invasive one. The frequency of the homozygote mu-
tation observed in 7.7% (n=4) in invasive adenomas and
3.4% (n=1) in non-invasive adenomas, which can sup-
port the inflammatory role of IL-17 in tumorigenesis of
APA.

To see, whether genetic findings have correlated with
tumor aggressive behavior, we grouped all patients in the
four different behavioral category:

* adenomas with progressive growth after trans-

sphenoidal surgery (TSS) (n=35),

* resistant adenomas to the traditional medica-

tions (n=12),

e primary invasive adenomas grade 3-4 by Knops

classification (n=21) and

e incidentalomas or silent microadenomas (n=13).

Given all together, it was found that the frequen-
cy of the heterozygote mutation of the VEGFA 33.3%
(n=7) and HIF-1A 57.1% (n=12) were highly detected
in adenomas with primary invasive adenomas with in-
vasion grade 3 and 4. While TP53 and IL-17A heterozy-
gote mutations were more frequently found in resistant
tumors with 41.6% (n=5) and 58.3% (n=7) respectively
(Table 2).

Table 2

Difference of polymorphism and the APA behavior

;iiii;o(ir:;ssly ©| Resistant APA (n=12) g?zz}iiglg)rade Incidentalomas (n=13) |p-value
VEGFA
G\C 11(31%) 2(16,6%) 7(33,3%) 1(7,6%) 0.27
C\C 1(2%) 0 3(14,2%) 0 -
Tp33
C\T 3(8,5%) 5(41,6) 3(14,2%) 0 0.013
T\T 12%) 0 0 0 -
HIF-1A
C\T 3(8,5%) 2(16,6%) 12(57,1%) 0 <0.001
T\T 2(5,7%) 1(8,3%) 1(4,7%) 0 0.798
IL-17A
G\A 12(34,5%) 7(58,3%) 6(28,5%) 0 0.017
A\A 3(8,5%) 0 2(9,5%) 0 -

DISCUSSION molecule can be an equivalently predictable marker of

The mechanistic link of pituitary adenomas’ devel-
opment with genetic mutations is still a questionable top-
ic of researchers. We have investigated whether genetic
defects regulating the expression of the VEGFA, HIF-
1A, P-53, IL-17 promote pituitary adenomas aggressive
behavior and whether these markers can add prognostic
significance to the clinical diagnosis of invasive pituitary
adenomas.

Our results approved that the most pivotal mecha-
nism of aggression is hidden in the angiogenesis process-
es. VEGF is a key molecule of angiogenesis observed
by many studies including pituitary adenomas and this

aggressiveness together with Ki-67 and P53 (Yarman
et al, 2010). VEGF induces neovascularization through
the PI3\AKT, MAPK pathways stimulating tumor pro-
liferation (Onofti et al, 2006). Moreover, recent studies
demonstrated that VEGF initiates immune escape of the
cells, which distracts normal cell microenvironment and
induces tumor growth (Voron et al, 2015). According to
Turner et al, (2000), excess vascularization is not spread
in all types of adenomas, however invasive prolactino-
mas and non-functional adenomas were found to be more
vascular compared to non-invasive adenomas, which
were found in surgical samples. Current results support
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the literature findings that the vascularization process is
a dynamic and complex process including proliferation,
matrix degeneration, migration, and remodeling conse-
quently this mechanism promotes tumor growth and in-
vasion (Turner et al, 2000).

Earlier researchers demonstrated overexpression of
VEGFA and HIF-1A, which correlated with tumor in-
vasion. However, the investigation has been observed
immunohistochemically in the samples obtained after
surgery. However, this method is inconvenient as a prog-
nostic method of diagnosis, while genetic analysis is easy
to manage without surgical intervention.

It has been revealed that there is statistically signif-
icant associations between VEGFA, HIF-A, TP-53, IL-
17 genetic mutations, and pituitary adenomas invasion
risk. It was found that heterozygous VEGFA G634C G\C
genotype and HIF-1A C\T genotype detected higher in
invasive pituitary adenomas compared to the control and
non-invasive pituitary adenomas. In addition, these mu-
tations were found to be associated with tumor invasion
grades 3 and 4 by Knops classification. This result sup-
ports the fact that neoangiogenesis induced via hypoxia
is the pivotal mechanism of tumor invasion and aggres-
sive behavior.

In addition, it was found that VEGFA and HIF-1A
is strongly correlated with aggressive pituitary adenomas
behavior and detected more in primary invasive adeno-
mas grade 3 and 4 which are equivalent of the aggres-
siveness. Thus, both VEGF and HIF-1A can be prospec-
tively used as predictive markers of aggressiveness in the
molecular-genetic level of APA development.

According to Qiu et al (2011), a high expression
MMP-9, IL-17and IL-17R is linked to the invasive pattern
of pituitary adenomas. It was noted that by tumor growth
and extension of the volume, there is also more damage
in pituitary adenomas as necrosis, cystic degeneration,
bleeding especially in invasive adenomas, suggesting
that invasive behavior may be accompanied by a chron-
ic inflammatory response induced via IL-17. Moreover,
it was observed that after surgical adenoma ectomy the
level of the IL-17 decreased over time (Numasaki et al,
2004). Thus, increasing the level of the IL-17 can be a
prediction of the recurrence. It has been investigated that
IL-17 mutation may be prognostic in resistant pituitary
adenomas and in patients with recurrence after surgery,
which strongly supports literature findings as well.

CONCLUSION

1. It was found that non-functioning adenomas and
GH producing adenomas are the most frequent types of
aggressive adenomas with invasive growth patterns up
to 4th grade.

2. Polymorphism of the genes of VEGFA, HIF-1A,
Tp-53, and IL-17A detected significantly higher in inva-
sive pituitary adenomas. Thus, genetic analysis can pre-
dict tumor growth before the surgical intervention.

3. VEGFA and HIF-1A polymorphism were detected
significantly higher in adenomas with primary massive
invasion grades 3 and 4 compare to the other genetic
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polymorphisms. While T-p53 and IL-17A mutation were
found higher in resistant adenomas to traditional medical
therapy. Thus, it should be hypothesized, that each inves-
tigated molecular-genetic mutation is responsible for the
different criteria of aggressiveness and can be used as a
specific diagnostic marker of aggressiveness. However,
further researches are required to support obtained re-
sults.

REFERENCES

1. Ceccato F, Regazzo D, Barbot M, Denaro L,
Emanuelli E, Borsetto D, Rolma G, Alessio L,
Gardiman MP, Lombardi G, Albiger N, D’Avella
D, Scaroni C. Early recognition of aggressive pi-
tuitary adenomas: a single-centre experience. Acta
Neurochir (Wien). 2018 Jan;160(1):49-55. doi:
10.1007/s00701-017-3396-5. Epub 2017 Nov 23.
PMID: 29170844.

2. Dai C, Kang J, Liu X, Yao Y, Wang H, Wang R.
How to Classify and Define Pituitary Tumors:
Recent Advances and Current Controversies. Front
Endocrinol (Lausanne). 2021 Mar 17;12:604644.
doi: 10.3389/fendo.2021.604644. PMID: 33815274;
PMCID: PMC8010908.

3. Dai C, Kang J, Liu X, Yao Y, Wang H, Wang R.
How to Classify and Define Pituitary Tumors:
Recent Advances and Current Controversies. Front
Endocrinol (Lausanne). 2021 Mar 17;12:604644.
doi: 10.3389/fendo.2021.604644. PMID: 33815274;
PMCID: PMC8010908.

4. Dhandapani S, Singh H, Negm HM, Cohen S,
Anand VK, Schwartz TH. Cavernous Sinus Invasion
in Pituitary Adenomas: Systematic Review and
Pooled Data Meta-Analysis of Radiologic Criteria
and Comparison of Endoscopic and Microscopic
Surgery. World Neurosurg. 2016 Dec;96:36-46. doi:
10.1016/j.wneu.2016.08.088. Epub 2016 Aug 30.
PMID: 27591098.

5. Di Ieva A, Rotondo F, Syro LV, Cusimano MD,
Kovacs K. Aggressive pituitary adenomas--diagnosis
and emerging treatments. Nat Rev Endocrinol. 2014
Jul;10(7):423-35.  doi:  10.1038/nrendo.2014.64.
Epub 2014 May 13. PMID: 24821329.

6. Heaney A. Management of aggressive pituitary ade-
nomas and pituitary carcinomas. J Neurooncol. 2014
May;117(3):459-68. doi: 10.1007/s11060-014-1413-
6. Epub 2014 Mar 2. PMID: 24584748.

7. Tlie MD, Jouanneau E, Raverot G. Aggressive
Pituitary Adenomas and Carcinomas. Endocrinol
Metab Clin North Am. 2020 Sep;49(3):505-515. doi:
10.1016/j.ec1.2020.05.008. Epub 2020 Jul 8. PMID:
32741485.

8. Kovacs K. Molecular biological research in pitu-
itary adenomas from the pathologists’ view. Acta
Neurochir Suppl. 1996;65:4-6. doi: 10.1007/978-3-
7091-9450-8 2. PMID: 8738482.

9. Levy A, Hall L, Yeudall WA, Lightman SL. p53
gene mutations in pituitary adenomas: rare events.



“)Kypnan meopemuueckoil u Kiunuueckou meouyunst ”, Ne5, 2024 2.

10.

I1.

12.

13.

14.

15.

Clin Endocrinol (Oxf). 1994 Dec;41(6):809-14.
doi: 10.1111/j.1365-2265.1994.tb02797.x. PMID:
7889618.

Mastronardi L. Atypical pituitary adenomas: clinical
characteristics and role of Ki-67 and p53 in prog-
nostic and therapeutic evaluation. A series of 50
patients. Neurosurg Rev. 2017 Apr;40(2):357-358.
doi: 10.1007/s10143-017-0818-z. Epub 2017 Jan 22.
PMID: 28111715.

Numasaki M, Lotze MT, Sasaki H. Interleukin-17
augments tumor necrosis factor-alpha-induced
elaboration of proangiogenic factors from fibro-
blasts. Immunol Lett. 2004 Apr 30;93(1):39-43. doi:
10.1016/j.imlet.2004.01.014. PMID: 15134897.
Onofri C, Theodoropoulou M, Losa M, Uhl E, Lange
M, Arzt E, et al. Localization of vascular endothelial
growth factor (VEGF) receptors in normal and ade-
nomatous pituitaries: detection of a non-endothelial
function of VEGF in pituitary tumours. J Endocrinol.
(2006) 191:249-61. doi: 10.1677/joe.1.06992

Pico A. Agressive pituitary tumours: a diagnostic and
therapeutic challenge for multidisciplinary pituitary
units. Endocrinol Diabetes Nutr (Engl Ed). 2020
Feb;67(2):75-77. English, Spanish. doi: 10.1016/j.
endinu.2020.01.001. PMID: 32061388.

Qiu L, He D, Fan X, Li Z, Liao C, Zhu Y, Wang H.
The expression of interleukin (IL)-17 and IL-17 re-
ceptor and MMP-9 in human pituitary adenomas.
Pituitary. 2011 Sep;14(3):266-75. doi: 10.1007/
s11102-011-0292-5. PMID: 21279695.

Qiu L, He D, Fan X, Li Z, Liao C, Zhu Y, Wang H.
The expression of interleukin (IL)-17 and IL-17 re-
ceptor and MMP-9 in human pituitary adenomas.
Pituitary. 2011 Sep;14(3):266-75. doi: 10.1007/
s11102-011-0292-5. PMID: 21279695.

16.

17.

18.

19.

20.

21.

Sav A, Rotondo F, Syro LV, Di leva A, Cusimano
MD, Kovacs K. Invasive, atypical and aggressive
pituitary adenomas and carcinomas. Endocrinol
Metab Clin North Am. 2015 Mar;44(1):99-104.
doi: 10.1016/j.ec1.2014.10.008. Epub 2014 Nov 4.
PMID: 25732646.

Turner HE, Nagy Z, Esiri MM, Harris AL, Wass
JA. Role of matrix metalloproteinase 9 in pituitary
tumor behavior. J Clin Endocrinol Metab. 2000
Aug;85(8):2931-5. doi: 10.1210/jcem.85.8.6754.
PMID: 10946906.

Turner HE, Nagy Z, Gatter KC, Esiri MM, Harris
AL, Wass JA. Angiogenesis in pituitary adenomas
and the normal pituitary gland. J Clin Endocrinol
Metab. 2000 Mar;85(3):1159-62. doi: 10.1210/
jeem.85.3.6485. PMID: 10720055.

Vieira JO Jr, Cukiert A, Liberman B. Magnetic reso-
nance imaging of cavernous sinus invasion by pitu-
itary adenoma diagnostic criteria and surgical find-
ings. Arq Neuropsiquiatr. 2004 Jun;62(2B):437-43.
doi:  10.1590/50004-282x2004000300011.  Epub
2004 Jul 20. PMID: 15273840.

Voron T, Colussi O, Marcheteau E, Pernot S, Nizard
M, Pointet AL, et al. VEGF-A modulates expression
of inhibitory checkpoints on CD8+ T cells in tu-
mors. J Exp Med. (2015) 212:139-48. doi: 10.1084/
jem.20140559

Yarman S, Kurtulmus N, Canbolat A, Bayindir
C, Bilgic B, Ince N. Expression of Ki-67, p5S3 and
vascular endothelial growth factor (VEGF) con-
comitantly in growth hormone-secreting pituitary
adenomas; which one has a role in tumor behavior
? Neuro Endocrinol Lett. 2010;31(6):823-8. PMID:
21196926.

13



