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Abstract. Lung squamous cell carcinoma (LUSC) represents the second most prevalent histological subtype of
non-small cell lung cancer and is characterized by a high level of genomic instability, elevated mutational burden, and
marked immune infiltration. These features underscore the potential of immunotherapy in this context; however, clinical
responses remain heterogeneous. One of the promising molecular biomarkers of immune activation is the [IFNy-associated
gene signature, which comprises the expression of ten transcriptomic markers involved in the interferon-gamma (IFNy)
signaling cascade: IDO1, IRF9, CCR5, STAT1, CXCL9, CXCL10, CXCL11, PRF1, IFNG, and HLA-DRA. The objec-
tive of this study was to evaluate the association between the expression level of the IFNy gene signature and clinico-
pathological as well as molecular characteristics in patients with squamous cell carcinoma of the lung, using open-access
data from the TCGA-LUSC cohort. The analysis included 419 patients with complete clinical, pathological, tran-
scriptomic, survival, and mutation data (TP53, TTN, PIK3CA, KEAP1/NFE2L2). The IFNy signature score was calcu-
lated as the mean log2(RSEM+1) of ten genes. ROC analysis set a threshold at 7.32, stratifying patients into low (n=196)
and high (n=223) expression groups. Statistical analysis in Stata 19.5 included 2 tests for categorical variables, Spear-
man’s correlation (visualized as a heatmap), Kaplan—Meier survival curves with log-rank testing, and multivariate Cox
regression (HRs, 95 % Cls, p-values). Significance was set at p<0.05.

Correlation analysis revealed a high degree of concordance in expression across most genes within the signature,
particularly for IDO1 (p=0.74), as well as CXCL9, CXCL10, and CXCLI11 (all p~0.40), suggesting common transcrip-
tional regulation mechanisms. In the demographic analysis, the mean age was 67.0+£8.53 years, with no significant dif-
ferences between expression groups (p=0.930); similarly, sex (p=0.750) and disease stage (p=0.503) were not associated
with the level of IFNy signature expression. Mutation analysis indicated that TTN, TP53, and PIK3CA mutations were
not significantly associated with IFNy signature expression levels (p>0.05); however, KEAP1/NFE2L2 mutations were
more frequently observed in patients with high expression of the signature (35.9 % vs. 18.9 %, p<0.0001). Kaplan—Meier
analysis showed a median overall survival of 55.2 months in the high-expression group versus 44.8 months in the low-
expression group; however, the log-rank test did not reveal a statistically significant difference (y*(1)=0.37, p=0.5453).
In the Cox regression model, the IFNy signature was not independently associated with survival (HR=0.94; 95 % CI:
0.70-1.28; p=0.711), unlike TP53 (HR=0.53; p=0.009) and TTN mutations (HR=0.58; p=0.005), which were associated
with reduced mortality risk.

In conclusion, the results demonstrate a high transcriptional concordance among genes within the IFNy signature
and its association with certain molecular characteristics; however, the signature does not appear to possess independent
prognostic value in patients with lung squamous cell carcinoma.

Keywords: IFNy-associated gene signature, lung squamous cell carcinoma, immunotherapy, prognosis, bi-
omarker.

Introduction. Lung squamous cell carcinoma
(LUSC) is the second most common histological subtype
of non-small cell lung cancer, characterized by an aggres-
sive clinical course, a high degree of genomic instability,
and a limited spectrum of actionable therapeutic targets [1,
2]. Given the high mutational burden and frequent immune
infiltration of tumors, patients with LUSC represent a crit-
ical subgroup for evaluating the effectiveness of immuno-
therapy, particularly immune checkpoint inhibitors (IClIs)
[3, 4].

However, the response to immunotherapy is
highly variable, highlighting the urgent need for accurate
biomarkers of immune activity [5, 6]. One promising can-
didate is the IFNy-associated gene signature, which re-
flects the expression of genes transcriptionally activated in
response to interferon gamma (IFNy), a key Th1-type cy-
tokine with potent antitumor properties [7, 8].

The aim of the study. The genes constituting the
IFNy signature (including CXCL9, CXCL10, CXCL11,
IDO1, IRF9, CCR5, STATL, PRF1, IFNG, and HLA-
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DRA) are involved in immune cell chemotaxis, T lympho-
cyte activation, antigen presentation, and tumor cell elim-
ination [9, 10]. Previous studies have shown that high ex-
pression of this gene signature is associated with favorable
prognosis and enhanced responsiveness to ICIs in various
malignancies, including lung adenocarcinoma [11, 12].

Nonetheless, the role of the IFNy signature in
LUSC remains poorly understood. In particular, it is un-
clear to what extent its expression correlates with key so-
matic mutations (e.g., TTN, TP53, PIK3CA, and
KEAP1/NFE2L2), tumor immune microenvironment
characteristics, and overall patient survival [13, 14].

We hypothesize that the IFNy-associated gene
signature may serve as a potential marker of immune acti-
vation linked to mutational status and clinical outcomes in
patients with LUSC. Therefore, the objective of this re-
search was to analyze the association between the expres-
sion of the IFNy-associated gene signature and clinicomo-
lecular characteristics, as well as to evaluate its prognostic
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significance in patients with lung squamous cell carcinoma
based on TCGA data.

Materials and methods.

Data Collection

For this study, clinical and molecular genetic data
were obtained from three public cancer genomics reposi-
tories: UCSC Xena Browser (https://xenabrowser.net),
cBioPortal (https://www.chioportal.org/), and The Cancer
Genome Atlas (TCGA, https://portal.gdc.cancer.gov/).
The study cohort consisted of patients diagnosed with lung
squamous cell carcinoma (LUSC) and enrolled in the
TCGA-LUSC project (n=504). A final dataset of 419 pa-
tients was selected based on the availability of complete
clinical and molecular information. Inclusion criteria
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encompassed documented survival status and duration, pa-
tient age, tumor stage, sex, mutation status for TP53, TTN,
PIK3CA, and KEAPL1/NFE2L2, as well as transcriptomic
data for the following genes: CXCL9, CXCL10, CXCL11,
IDO1, IRF9, CCR5, STATL, PRF1, IFNG, and HLA-DRA
(Fig. 1).

The study was approved by the Bioethics Com-
mittee for Experimental and Clinical Research of the Edu-
cational and Scientific Medical Institute of Sumy State
University (Protocol No. 3/12, December 17, 2024). As the
medical data used were publicly available and analyzed
retrospectively, written informed consent was not re-
quired.
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Fig. 1. Flowchart illustrating the selection of patients with lung squamous cell carcinoma from public

cancer repositories for inclusion in the study

Evaluation of IFNy-associated gene signature
expression

To quantify the expression of the IFNy-associated
gene signature, transcriptomic expression data for ten
genes involved in IFNy-mediated immune responses —
IDO1, IRF9, CCR5, STAT1, CXCL9, CXCL10,CXCL11,
PRF1, IFNG, and HLA-DRA [7] — were downloaded from
the UCSC Xena Browser repository. The gene expression
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values were provided as normalized transcriptomic levels
(log2(RSEM+1)) and required no additional processing.
The expression score of the IFNy-associated gene signa-
ture was calculated for each sample as the arithmetic mean
of the log-transformed expression values of the aforemen-
tioned genes. Based on the results of receiver operating
characteristic (ROC) analysis, a threshold value of 7.32
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log2(RSEM+1) was established to stratify patients into low
(<7.32) and high (>7.32) expression groups.

Statistical analysis

Correlation analysis of immune regulatory genes
comprising the IFNy-associated gene signature, along with
other statistical assessments, was performed using Stata
version 19.5. Spearman’s rank correlation method was ap-
plied to evaluate pairwise relationships between variables.
Correlation matrix visualization was generated using the
external package heatplot, installed from the official SSC
repository (ssc install heatplot). Descriptive statistics for
categorical variables were presented as absolute counts
and percentages. Associations between gene signature ex-
pression and categorical variables were tested using the ¥?
test. Overall survival and prognostic value of clinicopatho-
logical and molecular factors were assessed using Kaplan—
Meier survival analysis, the log-rank test, and multivariate
Cox proportional hazards regression. For each prognostic
factor, hazard ratios (HRs), p-values, and 95 % confidence
intervals (Cls) were reported. Forest plots were generated
to visualize Cox model results. Statistical significance was
defined as p < 0.05.

Research results and their discussion.

Correlation analysis of IFNy gene signature ex-
pression

To evaluate the coherence of gene expression
within the IFNy-associated signature, Spearman correla-
tion analysis was performed. All ten analyzed genes —
CXCL9, CXCL10,CXCL11, I1DO1, IRF9, CCR5, STATL,
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PRF1, IFNG, and HLA-DRA - are considered key com-
ponents of the [FNy-activated signaling cascade.

The results were visualized as a heatmap (Fig. 2),
displaying the Spearman correlation coefficients (p) be-
tween all gene pairs and their association with the compo-
site [IFNy signature score. The highest positive correlations
with the overall signature score were observed for IDO1
(p=0.74), CXCL9, CXCL11, and CXCL10 (all p=0.40),
indicating the leading contribution of these genes to the
signature. Most gene pairs exhibited weak to moderate
positive correlations (p > 0), while a few showed weak
negative correlations (e.g., CXCL9 and STAT1: p=-0.34;
IRF9 and CCR3: p =-0.37).

Overall, the findings support the conclusion that
the IFNy signature reflects coordinated transcriptional reg-
ulation of key immune response genes, including chemo-
kines, transcription factors, and effector molecules. The
high degree of inter-gene coherence — especially among
IDO1 and the CXCL family — underscores the reliability
of the signature as an integrated biomarker of IFNy path-
way activation.

Patient characteristics

The study analyzed the clinicopathological and
molecular genetic characteristics of 419 patients with lung
squamous cell carcinoma in relation to the expression lev-
els of the IFNy-associated gene signature. Patients were
stratified into two groups based on the expression level of
the gene signature: low expression (n=196) and high ex-
pression (n=223) (Tabl. 1).

1.0

0.8

-0.6

-0.4

-0.2

Spearman correlation coefficient (p)

- 0.0

-0.2

STAT1 =
PRF1

IFNy-signature

Fig. 2. Heatmap illustrating the correlation among CXCL9, CXCL10, CXCL11, IDO1, IRF9, CCRS5,

STATL, PRF1, IFNG, and HLA-DRA gene expressions
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Table 1

Clinicopathological and molecular genetic characteristics of patients with LUSC and their association
with the expression of the IFNy-associated gene signature

Low expression of the | Hight expression of the
Variables Total, n=419 IFNy-associated gene IFNy-associated gene P
signature, n=196 signature, =223
,,\AA%%i(a/ﬁ]ars), n (%) 67.048.53 65.0+9.98 65.5410.17
260 82 (19.4) 38 (19.4) 44 (19.7) 0.930
Se0 337 (80.4) 158 (80.6) 179 (80.3)
oo e(%) 106 (25.3) 51 (26.0) 55 (24.7) 0.750
Male 313 (74.7) 145 (74.0) 168 (75.3) :
ftage' n (%) 181 (43.2) 76 (38.8) 105 (47.1)
I 124 (29.6) 64 (32.7) 60 (26.9)
i 58 (13.8) 28 (14.3) 30 (13.5) 0.503
vy 5(1.2) 3 (1.4) 2(0.8)
Unknown 51 (12.2) 25 (12.8) 26 (11.7)
i 0
;l'g'em”ta“o”* n (%) 356 (85.0) 164 (83.7) 192 (86.1) 0,488
Atoert 63 (15.0) 32 (16.3) 31 (13.9)
a3 nuation, 1 (76) 377 (90.0) 177 (90.3) 200 (89.7) 0,833
Aboart 42 (10.0) 19 (9.7) 23 (10.3)
REAPUNFE2LZ mutation. n (#) | 117 (27.9) 37 (18.9) 80 (35.9) <0.00
Aboart 302 (72.1) 159 (81.1) 143 (64.1) 01
PIKSCA mutation, 1 () 56 (13.4) 29 (14.8) 27 (12.1) 0420
Aboart 363 (86.6) 167 (85.2) 196 (87.0) :

The mean age of patients was 67.0 £ 8.53 years,
with no statistically significant difference between the low
and high IFNy expression groups (p =0.930). Similarly,
there was no significant association between IFNy signa-
ture expression and patient sex (p = 0.750) or tumor stage
(p=0.503). Mutations in TTN, TP53, and PIK3CA genes
also showed no association with IFNy signature expression
levels (p > 0.05 for all comparisons).

In contrast, mutations in KEAP1 or NFE2L2 were
significantly more frequent in patients with high IFNy sig-
nature expression (35.9 % vs. 18.9 % in the low-expression
group, p<0.0001). This association may suggest a poten-
tial role of these mutations in shaping the tumor immune
microenvironment.

Survival analysis

To evaluate the relationship between IFNy-asso-
ciated gene signature expression and overall survival in pa-
tients with lung squamous cell carcinoma, Kaplan—Meier
survival analysis followed by the log-rank test was per-
formed.

In the low-expression group, the median overall
survival was 44.8 months, compared to 55.2 months in the
high-expression group. Despite the observed difference in
median survival, the log-rank test did not identify a statis-
tically significant difference between the groups
(x*(1)=0.37; p=0.5453), indicating no association be-
tween IFNy signature expression level and overall survival
in this cohort (Fig. 3).

To assess the independent impact of clinicopatho-
logical and molecular genetic variables on overall patient

survival, a Cox proportional hazards regression analysis
was performed using the Breslow method (Fig. 4).

The most significant prognostic factors were mu-
tations in the TP53 and TTN genes. Specifically, the pres-
ence of a TP53 mutation was associated with a reduced
risk of death (HR =0.53; 95 % CI: 0.33-0.85; p=10.009),
as was the presence of a TTN mutation (HR =0.58; 95 %
Cl:0.40-0.85; p=0.005), suggesting a potential protective
effect of these mutations in this cohort.

Other variables, including age, sex, disease stage,
mutations in PIK3CA and KEAP1/NFE2L2, and the level
of IFNvy-associated gene signature expression, did not
show a statistically significant association with overall sur-
vival (p>0.05 for all variables). In particular, the IFNy
signature was not an independent prognostic factor
(HR =0.94; 95 % CI: 0.70-1.28; p=0.711).

In this study, we evaluated the relationship be-
tween the expression of the IFNy-associated gene signa-
ture and clinicomolecular characteristics in patients with
lung squamous cell carcinoma (LUSC), based on data
from the TCGA-LUSC project. Although the IFNy signa-
ture showed a notable correlation with KEAP1/NFE2L2
mutational status, it was not identified as an independent
prognostic factor for survival. These findings provide
grounds for further investigation into the role of the IFNy
signaling pathway within the immune microenvironment
of LUSC.
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Fig. 3. Kaplan—Meier survival curves for patients with lung squamous cell carcinoma stratified by IFNy-

associated gene signature expression levels

Age o
I
I
Sex :%
I
I
Stage ol
I
I
IFNy-signature - +
I
I
PIK3CA mutation - o,

TP53 mutation-| -o—

TTN mutationq -

KEAP1/NFE2L2 mutation - =

HR = 1.1966 Cl = 0.7919-1.8081 P = 0.394

HR = 1.3694 Cl = 0.9624-1.9485 P = 0.081

HR = 0.8776 Cl = 0.7430-1.0366 P = 0.125

HR = 0.9447 CI = 0.6994-1.2758 P = 0.711

HR = 0.9985 CI = 0.6474-1.5401 P = 0.995

HR = 0.5315 Cl = 0.3311-0.8534 P = 0.009

HR = 0.5816 CI = 0.3998-0.8462 P = 0.005

HR = 0.8348 CI = 0.5929-1.1756 P = 0.301

T

5

Fig. 4. Forest plot showing the effect of factors associated with overall patient survival in the Cox regres-
sion model. The vertical dashed line represents the neutral hazard ratio value (HR = 1), indicating no effect of the

variable on mortality risk

Our results align with previous studies demon-
strating that IFNy-associated genes (e.g.,, CXCLS9,
CXCL10, IDO1) are key mediators of antitumor re-
sponses, promoting T cell recruitment and creating an im-
munologically favorable context for ICI therapy. In partic-
ular, Papalexi et al. [15] revealed that these genes actively
regulate inhibitory immune checkpoints and may shape tu-
mor responsiveness to immunotherapy by fostering a
"highly immunogenic" phenotype. In our analysis, high
expression levels of CXCL9, CXCL10, and IDO1 were
most strongly correlated with the overall IFNy signature,
reaffirming their pivotal contribution.

An intriguing observation was the significantly
higher frequency of KEAP1/NFE2L2 mutations among
patients with elevated IFNy signature expression. This
finding supports the hypothesis of immunometabolic inter-
actions, as discussed by Xu et al. [16], who showed that
KEAP1-mutant tumors often exhibit oxidative stress,
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which can activate antiviral signaling cascades, including
IFNy. Therefore, KEAP1/NFE2L2 mutations may contrib-
ute to increased immune infiltration and IFNy-driven re-
sponses. In the context of LUSC, where these mutations
are relatively common, such insights may have practical
relevance for predicting immunotherapy responsiveness.

Nonetheless, the IFNy signature did not emerge
as an independent prognostic factor in our cohort. This
contrasts with findings in other lung cancer subtypes —par-
ticularly adenocarcinoma — where high IFNy signature lev-
els have been associated with prolonged survival [17, 18].
It is possible that other immunoregulatory mechanisms
play a more dominant role in LUSC. For instance, Shi et
al. [19] highlighted the significance of MAIT cells in de-
termining ICl response, which may function inde-
pendently of IFNy signaling.

Another plausible explanation for the lack of
prognostic relevance of the IFNy signature may involve
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tumor hypoxia. Robles-Oteiza et al. [20] demonstrated that
hypoxic conditions can suppress IFNy-related signaling
and promote acquired resistance to ICIs — even in immu-
nologically active tumors. Given the frequent hypoxia in
LUSC, particularly in central tumor masses, this could par-
tially account for the weak association between the IFNy
signature and survival outcomes.

From a clinical perspective, it is noteworthy that
mutations in TP53 and TTN, unlike the IFNy signature,
were independently associated with improved survival in
our Cox regression model. These findings are partially
consistent with data from Liu et al. [21], who reported that
TTN mutations shape a distinct transcriptomic landscape
characterized by immune activation. Qi et al. [22] also em-
phasized the role of TTN-associated long noncoding
RNAs in modulating tumor progression and the immune
microenvironment. In our cohort, TTN mutations may
have reflected increased immune pressure, thereby con-
tributing to better outcomes.

From a practical standpoint, it is important to em-
phasize that the IFNy signature should not be considered
an isolated biomarker. Its effectiveness likely depends on
integration with other tumor characteristics, including mu-
tational status, hypoxia, the presence of specific T-cell
subsets, or mature tertiary lymphoid structures [18]. Com-
prehensive approaches — such as multimodal single-cell
analyses [15] — may provide a deeper understanding of the
biological mechanisms underlying ICI response in LUSC.

Finally, emerging therapeutic strategies targeting
or modulating the IFNy pathway merit attention. Notably,
CAR-T cell-derived exosomes described by Zheng et al.
[23] can simultaneously deliver cytotoxic agents and in-
duce local immune responses through IFNy activation.
These combined approaches may be particularly effective
for patients with high IFNy signature expression who do
not respond to conventional immunotherapy.

Thus, our study contributes to the existing body
of evidence on the complex role of the IFNy-associated
gene signature in lung squamous cell carcinoma. Although
it did not emerge as an independent prognostic factor, its
association with KEAP1/NFE2L2 mutations and key im-
mune genes indicates a potential role in shaping the tumor
immune microenvironment [24].

This study has several limitations. First, the anal-
ysis was based on retrospective data from TCGA, limiting
the generalizability of the findings to broader populations.
Second, we did not account for the effects of treatment,
temporal changes in the immune microenvironment, or the
influence of other immune cell populations that may criti-
cally modulate IFNy signaling. Third, the method used to
quantify the IFNy signature was relatively simple and did
not reflect the full functional activity of the signaling cas-
cade. Future prospective studies are needed to validate and
extend these findings.

Conclusions. The IFNy-associated gene signa-
ture demonstrates strong internal consistency and a statis-
tically significant association with KEAP1/NFE2L2 muta-
tions in lung squamous cell carcinoma. However, its ex-
pression level was not associated with key clinicopatho-
logical characteristics or patient survival and did not serve
as an independent prognostic factor in multivariate analy-
sis. These results suggest that the IFNy signature reflects
immune activation within the tumor microenvironment,
yet its prognostic utility in LUSC remains limited. Further
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research is needed to clarify its role, accounting for tumor
spatial heterogeneity, immune context, and treatment-re-
lated effects.

Prospects for further researches. We plan to in-
vestigate the prevalence of driver mutations in a cohort of
surgically treated patients with non-small cell lung cancer.

Conflict of interest: absent.
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Pe3rome. [1110CKOKITITHHHA KapLUHOMA JIETEHb €
JPYTHM 32 TOIIUPEHICTIO MiATUIIOM HeAPIOHOKIITHHHOTO
paKy JereHb 1 XapaKTePU3YEThCS BHUCOKAM MYyTalliHHUM
HABAHTAXXCHHSAM Ta 3HAYHOK IMYHHOKO IH(IIBTpAIIETO,
0I0  BiAKpHBAaEe  MEPCIEKTHBHI  MOXIHBOCTI  JUIs
iMmyHoTepamii. BogHoyac BIAMOBiAP Ha JIIKyBaHHS
3JTAIIAETHCS Bapia0enbHOIO, o MAKPECITIOE
HEOOXimHICTh  HamiifHWX  OlomapkepiB. Y  IbOMY
JIOCTIDKeHHI Oynmo TpoaHami30BaHO MPOTHOCTHYHY
nigHicte  [FNy-acomifioBaHOTO TEHHOTO TMIiANUCY —
TPAHCKPHUIITOMHOTO iHAWKaTOpa IMyHHOI aKTHBHOCTI, IIIO
Bkmouae 10 xmouoBux reHiB (CXCL9, CXCLIO,
CXCL11, IDO1, IRF9, CCR5, STATI1, PRF1, IFNG,
HLA-DRA).

Byno Bukopucrano pgani 419 mnamieHTiB i3
mpoekty TCGA-LUSC. TlamientiB crparudikyBaid Ha
TPYIH 3 BUCOKOIO Ta HU3BKOIO eKkcrpecieto [FNy-mignucy
Ha OCHOBI IMOPOrOBOTO 3HAYeHHs, Bu3HaueHoro ROC-
ananizom (mopir: 7,32 l0g2(RSEM+1)). Cratuctndnuii
aHaJIi3 IpOBOIMIIH B cepenosuii Stata 19.5 3 piBHeM 3Ha-
gymocri p<0,05.

IFNy-nianuc IIPOJEMOHCTPYBAB BHUCOKY
BHYTPIIHIO Kopesiito, ocobmso st IDO1, CXCLY Ta
CXCL10. Xoya He Oyi0 BHSBICHO acomiarfii 3 BIKOM,
CTATTIO, CTAAIE0 MyXJauHKA a00 MyTartismu y TP53, TTN
yu PIK3CA, crioctepiranacs 10CTOBipHa KOPEJISILIis 3 My-
tamismu KEAPL/NFE2L2 (p<0,0001), mo Bka3zye Ha 11o-
TEHIIHHY B3aEMOJII0 MK METabONIYHUMHU ¥ IMYHHUMU
MeXaHI3MaMH.
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AHai3 BIDKMBAHOCTI HE NPOJEMOHCTPYBaB CTa-
TUCTUYHO 3HAYylIOl PI3HULI MDK TIpynamH excrpecii
IFNy-nignucy (p=0,5453). Pesynpratun perpecii Kokca
niaTBepawd, mo [FNy-mianuc He € He3aJIe)KHUM MPOTHO-
crnunnM ynHEUKOM (HR=0,94; p=0,711), Toxi sixk MyTaii
TP53 ta TTN acomiroBanucs 3 KpaluMy KIHIYHUMH pe-
3yJIbTaTaMH.

Ii maHi cBigUaTh, 110, HE3BAXKAIOUH HA 3IaTHICTh
IFNy-nianucy BimoOpakaTH iMyHHY aKTHBAIil0 B MiKpO-
OTOYCHHI MyXJIMHH, BiH HE Ma€ HE3aJIe)KHOI IPOTHOCTHY-
HOI IIHHOCTI TIPH IDIOCKOKJIITHHHIA KapIMHOMi JICTCHb.

HeoOxinHi mojanbmi JOCHIIKEHHs, CIPSIMOBaHI Ha BUB-
YEeHHsI TPOCTOPOBOI TE€TEPOr€HHOCTI IyXJIUHHU, BIUIUBY
JIIKYBaHHS, CKJIaly IMyHHHX KIIITHH, QyHKIIOHAIBHOT aK-
tuBHOCTI 1UIIXy IFNy Ta fioro B3aemonii 3 iHIIMMH Me-
XaHi3MaMH pe3UCTEeHTHOCTI 10 IMyHOTepalrtii.

Karouosi cioBa: IFNy-acomifioBannii reHHUI
MANAC, TIOCKOKITITHHHA KapIMHOMAa JIETeHb, IMyHOTe-
partis, IpoTrHO3YyBaHH:, 6ioMapkep.
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