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EPIDERMAL GROWTH FACTOR RECEPTOR
(EGFR) POLYMORPHIC VARIATIONS
(-216G/T & -191 C/A) POSE A HIGH RISK
TO PATIENTS WITH MALIGNANT GLIOMA

Background. Malignant gliomas are the most frequent and lethal brain tumors. Their molecular aspects remain
intangible but current studies have pointed to certain genetic polymorphic loci that pose the risk. The polymorphic
sequence variations of the epidermal growth factor receptor gene (EGFR) pathway play a vital role in the glioma risk,
and the EGEFR variants (216G>T and 191C>A) are identified to affect the risk for the development of different tu-
mors including glioma. Aim. To examine genetic variations of EGFR T rs712829 (216G/T) and rs712830 (191C>A)
with respect to glioma risk. Materials and Methods. 129 confirmed glioma cases were genotyped against 180 ma-
lignancy-free healthy controls by polymerase chain reaction-restriction fragment length polymorphism technique
(RFLP). Results. The frequency of the TT homozygous variant of the EGFR -216 G/T genotype differed significantly
between cases and controls (49.6% vs. 23.0%) (p < 0.0001). The EGFR -216 G>T allele “T” was found significantly
more frequently in cases (0.56 vs. 0.33 in controls; p < 0.0001). The EGFR -191C>A homozygous AA’ genotype was
implicated significantly more frequently in cases than in controls (p < 0.0001). The distribution of the A’ variant allele
was also more frequent in cases (41.9%) than in controls (14.0%) (0.55 vs. 0.30; p < 0.0001). TC and TA haplotypes
showed varied frequency in cases and controls. Conclusion. EGFR -216 G>T and -191 C>A variants and haplotypes
(TA and TC) of the EGER gene are very strong risk factors in the development of glioma in the Kashmiri population.

Keywords: germline, genetic variants, epidermal growth factor receptor gene, haplotype, glioma, allele.

Citation: Zahoor W, Pandith AA, Nisar S, Qasim I, Surana M, Ganie FA, Manzoor U, Arif SH, Rasool SUA, La-
teef A, Shah P, Bhat RA. Epidermal growth factor receptor (EGFR) polymorphic variations (-216G/T & —191 C/A) pose a high
risk to patients with malignant glioma. Exp Oncol. 2023; 45(2): 203-210. https://doi.org/10.15407/exp-oncology.2023.02.203

© Publisher PH «Akademperiodyka» of the NAS of Ukraine, 2023. This is an open access article under the CC BY-
NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)

ISSN 1028-0987. Experimental Oncology. 2023. (2) 203



W. Zahoor, A.A. Pandith, S. Nisar, I. Qasim, M. Surana, EA. Ganie, U. Manzoor, S.H. Arif, S.U.A. Rasool et al

Glioma is the most frequent brain tumor [1].
Although we have witnessed a marked advance-
ment in its molecular biological study, it still
remains mostly incurable. By the histological
classification, most gliomas can be classified as
oligodendroglial astrocytic, mixed oligo-astro-
cytic or ependymal tumors by the World Health
Organization (WHO) criteria [2]. Glioblastoma
(GBM), a type of astrocytic tumors, is the most
frequent and malignant type of glioma. Even
though ependymal tumors are often relatively
restricted, the majority of astrocytic and oligo-
dendroglial tumors frequently metastasize to
the nearby brain tissue [3]. Among these, dif-
fuse gliomas are the most lethal cancers owing
to their aggressive mode of development and
insensitivity to the curative therapies. The inci-
dence of malignant gliomas is about 5 per 105
persons with GBM being the most common
among all glioma subtypes. A 5-year survival
varies significantly depending on the histo-
logical type of glioma and its grade with GBM
having the poorest survival rate [4]. There are
several noted factors, like occupations and en-
vironmental carcinogens that have been seen
to be linked to a growing risk of glioma [4].
Besides, genetic factors such as polymorphic
variations (SNPs) may contribute to a small
but absolute cancer risk either individually
or in combination and can be a reason for the
disproportion of crucial metabolic activities im-
plicated in cancer predisposition [5].

The epidermal growth factor receptor (EGFR)
is involved in gliomagenesis and also confers
the prognosis of these tumors by interacting
with alkylating agents of chemotherapy. EGFR
pathway plays a prominent part in regulating
cell growth, apoptosis, and differentiation in
cancer. Apart from the somatic genetic changes,
polymorphic variations in the EGF/EGFR path-
way have also been observed to be implicated in
tumor risk, the response to chemotherapy, and
patient’s outcome [6—8]. There are two promi-
nent SNPs located in the essential promoter re-
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gion of the EGFR gene (216G>T and 191C>A),
where T variant in the 216G>T is found to en-
hance the promoter activity in an Sp1-dependent
manner, which causes higher gene expression [9].

Keeping in view the important role in cellu-
lar growth and development, the disruption of
EGEFR at genetic or protein level is proposed to
be linked with tumorigenesis. The significance
of EGFR sequence variations in defining glioma
susceptibility was supported by the data pub-
lished by Costa et al. [10], with potential applica-
tion of personalized therapies in GBM patients,
whose molecular stratification is evident. The
predictive role of three EGFR polymorphisms
(191C>A 216G>T and (CA)n) and the prognos-
tic value of 191C>A genotype have been found
in GBM patients. In particular, it has been sum-
marized that the EGFR intron 1 homozygous
(CA)n repeat short genotypes pose a strong risk
of the glioma development and the heterozy-
gous 191C>A genotype is a prognostic marker
of poor survival in GBM patients [10]. There-
fore, EGFR polymorphic sequence variations
could add to the divergence between different
populations or ethnic groups with respect to the
risk of the disease and consequently may act as
promising candidates for glioma treatment. Few
studies have analyzed the role of the EGFR gene
sequence variations in glioma development. We
carried out a case-control study to analyze the
distribution and/or association of EGFR gene
variants (rs712829 and rs712830) with glioma
cases in our population (Kashmir, North India).

Materials and Methods

Patients and samples. The study included 129
histologically confirmed glioma cases referred
from the Departments of Medical Oncology
and Neurosurgery at Sher-I-Kashmir Insti-
tute of Medical Sciences (SKIMS), J&K (In-
dia). A pre-informed consent was taken from
all patients. The blood and corresponding tu-
mor tissue samples were taken from all these
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patients. The surgically resected glioma tissue
samples were divided into two parts: one part
was placed into sterile vials containing phos-
phate buffered saline (pH = 7.2) for molecular
investigations, and the other was sent for histo-
pathological examination for the confirmation
of the glioma type and stage/grade. The biopsy
samples were reviewed by neuropathologists to
substantiate the diagnosis of malignant glioma.
Further, 180 blood samples were collected from
healthy controls without history of malignancy
from the same region and with the same ethnic
background. The sample size of the study was
determined as 80% using nMaster2.0 statistical
software. The peripheral blood (5 ml) was taken
from both cases and controls in EDTA contai-
ning vials and stored at -20 °C till processing for
DNA extraction.

Extraction of genomic DNA. The blood sam-
ples from both cases and controls were subjected
to DNA extraction by the phenol-chloroform
method and/or by using DNA isolation kit
(Zymo Research Corporation, USA).

Polymerase chain reaction for amplifica-
tion of EGFR gene. The PCR amplification re-
action was carried out in 25 pl reaction mixture
containing 250 ng/ml of DNA, 1x PCR buf-
fer mix (Biotools, Spain) with dNTPs (dATP,
dCTP, dGTP, dTTP, 0.2 mM each), 10 pM
primers (Sigma-Aldrich, USA) in sterile wa-
ter, and 1 U/ul Taq DNA polymerase (Bioto-
ols, Spain). The set of the primers used for the
amplification of the two SNPs were as follows:
F:  5-CTCCTCCTCCTCTGCTCCTC-3, R:
5-GGGGCTAGCTCGGGACTC-3" encompas-
sing 197 bp with both SNPs of the interest
EGFR-216 G>T and 191C>A within this locus.
The thermal conditions used for PCR were: ini-
tial denaturation at 95 °C for 5 min, 30 cycles of
denaturation at 95 °C annealing at 63 °C and ex-
tension at 72 °C for 30 s with a final extension of
72 °C for 5 min.

Genotyping by restriction fragment length
polymorphism (RFLP). A 10 ul of the PCR prod-
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ucts were subjected to endonuclease restriction
digestion with BSER1 (EGFR 216 G/T) and SaclI
(EGFR191C>A) with 5 U at 37 °C for 16 h (Ge-
nie, USA). EGFR 216 G>T generated 171 bp and
26 bp for wild “T'T’, 197 bp, 171 bp, 26 bp for het-
erozygote (GT) and 197 bp uncut for GG vari-
ant while as EGFR_191C>A generated 197 bp
for homozygous variant ‘AA’ and 197 bp, 171 bp,
26 bp for heterozygotes (CA). Supplementary
Fig. 1! depicts the genotyping of EGFR -216 G>T
and -191 C>A. The PCR products were visual-
ized on a 3% agarose gel containing 0.5 pg/ml
ethidium bromide and photographed in gel
documentation system (Protein Simple, Alpha
Imager, UK). Distilled water as a negative con-
trol was used for quality control as an alternative
of DNA template. About 20% randomly selected
samples from both cases and controls were re-
peatedly analyzed by RFLP to ascertain the re-
producibility of the results.

Statistical analysis. IBM Statistics SPSS soft-
ware (Version-23) was employed for the statis-
tical evaluation of the values. A goodness-of-fit
chi-square test was conducted to determine if
the polymorphisms between cases and controls
were in the Hardy — Weinberg equilibrium.
Estimates of the odds ratios (OR) were used for
the relative risk, and 95% confidence intervals
(CI) were evaluated to observe the association
between certain genotypes or other related risk
factors of glioma. p value < 0.05 was considered
significant.

Results

This study included 129 glioma cases and 180
healthy controls without differences in gen-
der and smoking habits between the groups
(p > 0.05). Almost all types of malignant glio-
ma were included in the study: GBM accounted

! Supplementary materials are posted at https://fig-
share.com/articles/dataset/Supplementary_material
docx/23996640
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for 65 (50.4%) cases, oligodendroglioma for 24
(16.3%) cases, and astrocytoma for 21 (16.3%)
cases. The clinical details of other clinic-path-
ological characteristics are provided in Supple-
mentary Table SI.

The genotypic and allelic frequencies of EGFR
-216 G>T and EGFR -191 C>A in both the cases
and controls are shown in Table 1. EGFR -216
G>T and EGFR -191 C>A SNPs in controls were
in the Hardy — Weinberg equilibrium.

The distribution of the EGFR -216G/T geno-
types GG, GT, and TT observed in glioma cases
were 36.4%, 13.9%, and 49.6 as compared to
57.0%, 20.0%, and 23.0% in controls respecti-
vely (p < 0.05). The frequency of TT homozy-
gous genotype in cases was 49.6% vs. 23.0% in
controls with OR = 3.4 (1.9—5.5; p < 0.0001).
EGFR -216G/T GT heterozygous genotype fre-
quency was comparable between two groups
(p = 0.8). Further, the frequency of the variant
“T” allele was found to differ significantly be-
tween two groups (cases 0.56 vs. controls 0.33)
with OR = 2.7 (CI = 1.8—3.6; p < 0.0001). The
combined variant genotype (GT + TT; domi-
nant model) also was implicated significantly
more frequently in cases (63.6%) than controls
(43%), OR = 2.29 (1.4—3.6; p = 0.0005). Except
age, no another characteristic feature of glioma

cases showed an association with EGFR -216
G>T genotype variation (Table 2).

In the glioma cases, the combined geno-
type (GT + TT) was present more frequently
in higher grade tumors (G IV). Likewise, the
combined genotype GT+TT was present signi-
ficantly more frequently in GBM (62.2%) than
the wild type GG genotype (OR 9.4; p < 0.0001)
(Table 2).

The frequencies of the EGFR -191C>A geno-
types CC, CA, and AA in glioma cases were
found as 31.8%, 26.4%, and 41.9% vs. controls
(54%, 32%, and 14%, respectively, Table 1). The
frequency of EGFR -191C>A homozygous AA
genotype was significantly higher in the cases
than in controls (41.9% vs. 14.0%, p < 0.0001)
with OR =4.9 (2.7—38.9). The distribution of the
variant allele was significantly more frequent in
the cases (0.55) than controls (0.30) with adjus-
ted OR =2.9 (2.1—3.8; p < 0.0001).

On the stratification of various parameters
(Table 3), the EGFR -191C>A combined geno-
type (CA + AA) was found to be significantly
more often in the cases than controls (68.2% vs.
46.1% and OR = 2.5 (CI=1.5—4.0; p = 0.0001)).
Similarly, the combined genotypes were pre-
sent more frequently in patients > 40 years age
in cases than in controls with frequencies 82.9%

Table 1. The genotypic and allelic frequencies of EGFR -216 G/T

and EGFR -191 C/A in both cases and controls

Cases Controls
SNP Genotype =129 (%) n =180 (%) OR (95% CI) p
EGFR GG 47 (36.4) 102 (57) Reference
-216G/T GT 18 (13.9) 36 (20) 1.1 (0.5—2.1) 0.8
TT 64 (49.6) 42 (23) 3.4 (1.9—5.5) <.0001
G 112 (43.4) 240 (67) Reference
T 146 (56.6) 120 (33) 2.7 (1.8—3.6) <.0001
EGFR CC 41 (31.8) 97 (54) Reference 0.2
-191C/A CA 34 (26.4) 57 (32) 1.4 (0.8—2.5) <.0001
AA 54 (41.9) 26 (14) 4.9 (2.7—8.9)
C 116 (44.9) 251 (70) Reference
A 142 (55.0) 109 (30) 2.9 (2.1—3.8) <.0001
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Table 2. Genotypic/allelic distribution of EGFR -216 G/T gene polymorphism
in glioma cases and healthy controls dependent on clinical-pathological characteristics

CASES CONTROLS
Parameter OR (95%CI) P
GG (%) GT+TT (%) GG (%) GT+ TT (%)

Overall genotype 47 (12.9) 82 (63.6) 102 (57) 78 (43) 2.29(1.4—3.6) 0.0005
Age

=240 35 (74.5) 65(79.3) 52 (51) 26 (33) 1.3 (0.6—3.1) 0.6

<40 12 (25.5) 17 (20.7) 50 (49) 52 (67) 0.5 (0.3 —0.9) 0.02
Sex

Male 23 (48.9) 44 (53.7) 55 (54) 41 (53) 1.2 (0.6—2.4) 0.7

Female 24 (51.1) 38 (46.3) 47 (46) 37 (47) 0.9 (0.5—1.8) 0.8
Residence

Urban 23 (48.9) 33 (40.2) 38 (37) 31 (40) 0.7 (0.3—1.4) 0.4

Rural 24 (51.1) 49 (59.7) 64 (63) 47 (60) 1.1 (0.6—2.0) 0.7
Tumor stage

GBM 14 (29.8) 51 (62.2) — — 4.8 (2.3—9.8) <0.001

ASTRO 15 (31.9) 6(7.3) 0.5(0.2—1.4) 0.1

OLIGO 4(8.5) 20 (24.4) 10.2 (3.1—33.2) |<0.001
Histological type

GI/GII 26 (55.3) 13 (15.9) - - 0.2 (0—1.4) 0.2

GIII 9(19.1) 19 (23.2) 2.7 (1.1—6.7) 0.03

GIV 12 (25.5) 50 (60.9) 5.5(2.6—11.6) |<0.0001
Table 3. Genotypic/allelic distribution of EGFR -191 C/A gene polymorphism
in glioma cases and healthy controls dependent on clinical-pathological characteristics

CASES CONTROLS
Parameter OR (95%CI) P
CC (%) CA + AA (%) CC (%) CA + AA (%)

Opverall genotype 41 (31.8) 88 (68.2) 97 (53.9) 83 (46.1) 2.5(1.5—4.0) 0.0001
Age

>40 27 (65.9) 73 (82.9) 42 (43) 36 (43) 3.1 (1.6—5.9) 0.0002

<40 14 (34.1) 15 (17.04) 55 (57) 47 (57) 1.2 (0.5—1.8) 0.3
Sex

Male 27 (65.9) 40 (45.5) 57 (59) 39 (47) 2.1 (1.2—4.0) 0.01

Female 14 (34.1) 48 (54.5) 40 (41) 44 (53) 3.1 (1.5—6.4) 0.003
Residence

Urban 18 (43.9) 38 (43.2) 37 (38) 32(39) 0.9 (0.5—2.1) 1.0

Rural 23 (56.1) 50 (56.8) 60 (62) 51 (61) 1.0 (0.5—1.9) 1.0
Tumor stage

GBM 20 (48.8) 45 (51.1) — — 0.9 (0.3—2.7) 1

ASTRO 6 (14.6) 15 (17.04) 0.8 (0.3—2.2) 0.6

OLIGO 6 (14.6) 18(20.5) 2.0 (0.8—5.7) 0.2
Histological type

GI/GII 14 (34.1) 25 (28.4) — — 0.5(0.2—1.5) 0.2

GIII 6 (14.6) 22 (25) 0.9 (0.4—2.1) 1

GIV 21 (51.2) 41 (46.6)
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vs. 43% respectively (p = 0.0002) with OR = 3.1
(CI1.6—5.9).

A haplotypic assessment analysis was carried
out to demonstrate the linkage disequilibrium
for EGFR -216 G>T and EGFR -191 C>A for
their mutual impact on the risk for glioma pa-
tients (Table 4). Interestingly, two haplotypes ex-
hibited significant risk for patients with glioma.
Haplotype TC showed a significantly varying
frequency of 0.19 in cases as compared to 0.03 in
controls and, similarly, TA haplotype was found
with a frequency of 0.23 vs. 0.083 between two
groups respectively. The estimated two marker
haplotypes frequencies in cases and controls
along with overall distribution of various haplo-
types are depicted in Table 4.

Discussion

The current molecular research in glioma fo-
cuses on the germ-line genetic polymorphism
to estimate the risk of glioma and the manage-
ment of the disease. The studies have confirmed
that the polymorphic variants implicated in the
EGFR pathway pose an increased risk of can-
cer and affect the patient’s outcome [7, 8, 10].
Accounting the plausible role of EGFR -216 G>T
and -191 C>A we conducted this study where
the variant genotype and the haplotype depic-
ted a strong association with glioma.

In our study, the frequency of EGFR -216, TT
homozygous variant showed 3.4 fold-increased
risk for glioma cases (p < 0.0001) and similarly

in EGFR -191C>A genotypes homozygous AA
genotype showed a significant 4.9-fold risk for
glioma cases (p < 0.0001). A strong association
found in glioma patients with both homozygous
variants of EGFR SNPs is possibly due to the in-
volvement of EGFR pathway, which is frequent-
ly altered in malignant gliomas where mostly
glioblastomas are known to have overamplified
and overexpressed EGFR, causing abnormal ac-
tivation of EGFR pathway [11—13]. In partial
agreement to our study, Costa et al. [10] also ob-
served EGFR-191C>A as a risk factor for glioma
and found it as a prognostic indicator for GBM,
while EGFR -216 G>T was observed to have no
association with glioma risk. On contrary, the
study by Carpentier et al. [14] is in agreement
with our study depicting -216T allele to confer
an increased risk for GBM. This incongruity
of the findings may be partly delineated by the
specific ethnic variations in the population un-
der study. Moreover, the frequency of -216G>T
allele in the healthy control population in our
study is in agreement with several reports [9].
The earlier investigations have substantiated that
EGEFR 15712829 and rs712830 are related to the
enhanced activity of the promoter of the gene
and the subsequent protein expression [15]. The
study found that homozygous variants of the
two EGFR SNPs rs712829 and rs712830 are sig-
nificantly associated with 2.7 and 2.9-fold risk for
glioma. Torres-Jasso et al. [16] found the relation
of both SNPs with gastric cancer. The importance
of rs712830and rs712830 have been substantia-

Table 4. Haplotype analysis of EGFR -216 G>T and EGFR -191 C>A
for overall association with malignant glioma cases and healthy controls

Haplotype
EGEFR -216 G>T Cases (%) Controls (%) OR (95% CI ) p
EGFR -191 C>A
G C 0.13 0.45 Ref.
G A 0.17 NIL — —
T C 0.19 0.03 10.5 (3.6—31.4) < 0.005
T A 0.23 0.083 9.1 (4.1—20.3) < 0.0001
208 ISSN 1812-9269. Experimental Oncology 45 (2). 2023
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ted with EGFR overexpression [9] in various
studies of GBM [14] and several other cancers
[17]. The haplotypic analysis was carried out to
observe a linkage disequilibrium for EGEFR -216
G>T and -191 C>A for their collective effect on
the risk to glioma patients. A haplotype-based
association approach is increasingly accepted for
genetic association studies [27]. Two haplotypes
of TC and TA were seen to confer significant risk
to patients with glioma. TA haplotype was also
seen to be increased in gastric cancer by Torres-
Jasso et al. [16] but not to a significant proportion
where GA combination was observed to increase
the risk. To summarize, EGFR gene alterations,
both sporadic and germline, play an important
role in glioma genesis.

Therefore, the current study further substanti-
ates the evidence of the association of EGFR gene
polymorphic variants -216 G>T -191 C>A and
haplotypes (TA and TC) as a strong risk factor
in glioma.
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[TOJIIMOP®HI BAPIAHTH PELIEIITOPA EITIJIEPMAJIBHOTO
®AKTOPA POCTY (EGFR) (-216G>T& —191 C>A) IK ®AKTOP
BIICOKOT'O PM3MKY PO3BUTKY 3/IOAKICHUX IJIIOM

Beryn. 3noskicHi miiomy € HajtOUIbII TOMMPEeHMY i CMepTeIbHYMY ITyX/IMHAMY FOJIOBHOIO MO3KY. MojeKyAapHi
aCIeKTH iX BUHMKHEHHs 3QIMIIAI0THCS MAJIO 3’ SICOBAHVIMI, ajle MIOTOYHI JOCTI/PKeHHs BKasyIOTb HA IIEBHI TeHe-
TUYHI OTiMOPQHI TOKyCH, SIKi ACOLHIOITHCA 3 PU3MKOM PO3BUTKY LIMX HOBOYTBOpeHb. IloniMopdHi BapiaHTu mo-
CTZOBHOCTI TeHa pelientopa emifepManbHOro gakropa pocty (EGFR) acoriitoBaHi 3 pu3iKOM PO3BUTKY IIIOMIL,
npudomy Bapiantt EGFR (216G>T i 191C>A) inenTndikoBaHo SIK Taki, 1[0 BIVIMBAIOTh Ha PU3UK POSBUTKY pis-
HMX ITyX/IMH, BKIOYaloun raiomy. Meta. [Jocnigutu 38’130k reHetnyHux Bapiantis EGFR T rs712829 (216G/T) ta
rs712830 (191C>A) 3 pusuKoM pO3BUTKY ITioM. Marepiamu Ta MeTou. 129 minTBep/pKeHNX BUNIAZIKIB I1ioMy Oy/In
TeHOTUIIOBAHI Ta CIIBCTaB/ICHH] 3 aHA/IOTIYHVIMY pe3y/IbTaTaMy SOCTikeHHs 180 30poBUX 0ci6 6e3 37m0sAKiCHUX
HOBOYTBOPEHb KOHTPOJIBHOI IPYIIN 3 BUKOPMCTAHHAM IIOiMePa3HOI JTaHIIOroBOI peakiii — MeToxy nomimMopgismy
TOBXVHY pecTpukuiliHnx ¢pparmenTis (RFLP). Pesynprarn. Yactora TT-romosnrorHoro Bapianra renorunry EGFR
-216 G/T icroTHO BinpisHAMacs y XBOPYX 3 [TiOMaMy IIOPiBHAHO 3 KOHTponeM (49,6% nportu 23,0%) (p < 0,0001).
Y nanienTis 3 rmiomamu anensb «T» EGFR -216 G>T BusasnaBcs 3HauHo vactimie (0,56 mportu 0,33 y KOHTPO/IbHIN
rpymi; p < 0,0001). 3a3HauMMO, 110 Y XBOPUX i3 I/TIOMaMM TaKOXX BYSIB/IEHO BUIIY YaCTOTY TOMOSUTOTHOTO F€HOTH-
ny «AA» EGFR -191C> (p < 0,0001). Posmogin aneni BapiaHTy «A» TakoX OYB 4acTilIMM y Hal{i€eHTIB i3 rmioMamu
(41,9%) nopiBHsAHO i3 3gopoBuMu ocobamm (14,0%) (0,55 mporu 0,30; p < 0,0001). Fanmorumu TC i TA nokasamm
Pi3HY YacTOTY B HALIiEHTIB i3 IIioMaMu B TOPIBHAHHI 3 KOHTPO/IBHOIO Ipynolo. BucHoBok. Bapiantn EGFR -216 G>T
i-191 C>A iramrorunu (TA i TC) rena EGFR € 3Hauymymy aKTopaMy pU3MKy po3BUTKY rmiomu B Kammipi.

Kitro4oBi croBa: 3apofixkoBa yiHist, TeHeTUYHI BapiaHTH, TeH eMiiepMaTbHOro GaKTopa POCTY, FAIUIOTHIL, I/IiOMA, ajleflb.
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