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Introduction. Esophageal squamous cell carcinoma is a dangerous oncological disease for which there are no relevant
molecular-biological and biochemical markers for diagnosis, monitoring, and prognosis. Non-coding RNAs, whose aberrant
expression is characteristic of many neoplasms may be promising candidate markers.

Aim. To investigate the clinical significance of the expression of long non-coding RNAs (IncRNAs) SNGH18, LCAL1, IGFL2-AS1,
LINC02301 and LINC01508 in esophageal squamous cell carcinoma depending on the phenotype of the tumor stroma.
Materials and methods. The study included 17 patients with esophageal squamous cell carcinoma, who were examined
and treated at the N.N. Blokhin National Medical Research Center of Oncology. Gene expression levels were assessed using
real-time polymerase chain reaction. Immunohistochemical analysis was conducted to evaluate the expression of CD68,
(D163 and inducible nitric oxide synthase. Statistical analysis of the obtained results was performed using GraphPad
Prizm v. 10. Differences in IncRNA expression between tumor samples and conditionally normal tissues were assessed
using the Wilcoxon test for paired samples. Correlation analysis was carried out by calculating Spearman’s correlation
coefficient. Survival analysis was conducted using Kaplan—Meier survival curves. A p-value of less than 0.05 was
considered statistically significant.

Results. Aberrant expression of the [ncRNAs LCAL1, LINC01508 and LINC02301 was observed in tumor tissue compared
to conditionally normal tissue. Specifically, the expression of LCAL1 and LINC01508 was increased in tumor tissue
(p=0,001 and p = 0,007), while the expression of IncRNA LINC02301 was decreased (p = 0,004). The expression of IncRNAs
SNGH18 and IGFL2-AS1 showed no significant changes. ROC-analysis indicated that examining these IncRNA expressions
is not suitable for diagnosing esophageal squamous cell carcinoma. Clinical significance analysis revealed no correlation
between the studied IncRNA expressions and the clinicopathological characteristics of the disease correlation analysis
of the IncRNAs SNGH18, LCAL1, IGFL2-AS1, LINC02301 and LINC01508 with the phenotype of tumor stroma macrophages
demonstrated that LINC01508 was significantly and positively correlated with both the total number of macrophages
(r=0.579; p =0.017) and the number of macrophages with cytotoxic and immunosuppressive phenotypes (r = 0.567;
p=0.004 and r=0.496; p = 0.045, accordingly). In contrast, LCAL1 expression was inversely correlated with the number
of cytotoxic macrophages (r = -0.490; p = 0.037). Prognostic analysis revealed that only IncRNA IGFL2-AS1 expression
was associated with favorable prognosis in esophageal squamous cell carcinoma (hazard ratio 0.374; p = 0.039).
Conclusion. Long non-coding RNAs are important regulatory elements in both normal and tumor cells, offering certain
advantages for the diagnosis of oncological diseases due to their high specificity and stability in both tissues
and circulating body fluids. Growing evidence from scientific research highlights the potential clinical application
of IncRNA expression analysis as markers for early diagnosis and as potential therapeutic targets. In this study,
we conducted a retrospective investigation and determined the clinical significance of IncRNAs SNGH18, LCAL1, IGFL2-AS1,
LINC02301, LINC01508 in esophageal squamous cell carcinoma, thereby expanding our understanding of the molecular
changes observed in the development of this disease.
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KnuHuyeckas 3Ha4YMMOCTb 3KCNpeccuu ANuHHbIX Hekoaupylowux PHK npu pake nuwesoaa
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BBepeHue. M10CKOKNETOYHBI paK NUILEBOfA ABAAETCA ONACHBIM OHKONOTMYECKMM 3aboneBaHWeM, [l KOTOPOrO HeT
peNeBaHTHbIX MONEKYNAPHO-OMONOTNYECKUX U BUOXMMUYECKNX MAPKEPOB UArHOCTUKM, MOHUTOPUHIA U NporHo3a. OgHuMu
U3 NMepCneKTUBHbIX MapKEPOB MOryT BbicTynath Hekoaupylowue PHK, abeppaHTHas 3Kcnpeccus KOTOpbIX XapaKTepHa
AN MHOTMX HOBOOOPA30BaHUM.

Llenb uccnepoBaHusa — n3yyeHne KAMHUYECKOI 3HAYMMOCTM IKCNPECCUM ANUHHBIX Hekopupytowmx PHK (aHPHK) SNGH18,
LCAL1, IGFL2-AS1, LINC02301 1 LINCO1508 npu nj1oCKOKNETOYHOM paKe NuLLeBosa B 3aBUCMMOCTU OT heHOTUNA ONyXo-
NeBON CTPOMbI.

Matepunanbl u MeToAbl. B peTpocnekTBHOE MccnefoBaHue BKNOYEHbl 17 NaLMEHTOB C NNOCKOKIETOYHbIM PAKOM nuLie-
BOJa, NPOXOAMBIIMX 06CnefoBaHne v NeyeHue B HauMoHanbHOM MeAMLIMHCKOM UCCNe0BaTENbCKOM LLEHTPE OHKONOTUM
um. H.H. bnoxuHa. YpoBeHb akcnpeccum reHoB uccnegyemslix gHPHK oueHmBanu ¢ nomowwbio nonMmepasHoi LenHoOM pe-
aKLWK B peanbHOM BpeMeHU. IMMYHOTrMCTOXMMUYECKMM METOLOM NpoBeaeH aHanu3 akcnpeccuun CD68, CD163 u uHayLmn-
6enbHOIl CMHTa3bl OKCMAa a3oTa. CTaTUCTUMYECKMI aHANN3 NONYYEHHBIX PE3YLTATOB BLIMOMHANM C UCMOJIb30BAHUEM NPO-
rpammHoro pewenus GraphPad Prizm v. 10. Pasnuuus 3kcnpeccun fHPHK mexpy o6pasuamu onyxoneii u ycnoBHO
HOPManbHbIX TKAHE! OLEHWUBANK C NOMOLWbID KPUTEPUA YUIKOKCOHA ANA NapHbIX BbI6opoK. KoppensaunoHHbI aHanus
NpOBOAWAN NOCPELCTBOM ONpeAeneHns KoaduumeHTa paHrooii koppensauun CnupmeHa. BoixxnBaemMocTb aHanu3npoBa-
AN NyTeM NOCTPOEHUA KpMBbIX fOXUTUA no meTody Kannana—Maitepa. Pa3nnumnsa cuntanucb CTaTUCTUYECKN 3HAYUMbIMU
npw p <0,05.

Pesynbrarbl. Buisenero, uto ans gHPHK LCAL1, LINC01508 v LINC02301 Habntoganack abeppaHTHas 3KCNpeccus B ony-
X0J1eBOM TKAHW NO CPABHEHUIO C YCNOBHOM HOpMoii. Tak, B onyxonesoi TkaHu 3kcnpeccus LCALL u LINCO1508 oka3anach
nosblweHHoM (p = 0,001 n p = 0,007), B To Bpema Kak ans LINCO2301 Habnopanock cHuxeHue skcnpeccum (p = 0,004).
Jkcnpeccus gHPHK SNGH18 u IGFL2-AS1 3Haunmo He nameHsanacb. Pesynsratel ROC-aHanM3a NnpoAeMOHCTPMPOBANH, YTO
uccnepoBaHue kcnpeccum aanHbix AHPHK He noAxoAnT Ans AMarHOCTMKM NAOCKOKNETOYHOro paka nuuesofa. AHanu3s
KAMHWUYECKON 3HAYMMOCTH 3KCpeccum ulyyaembix AHPHK nokasan, 4to 3ToT napameTp He KOppenupyeT € KNMHUKO-MOP-
(honornyecKMMn xapaktepuctTukamm 3abonesanus. KoppenaumoHHsiii aHanus skcnpeccuu gHPHK SNGH18, LCAL1, IGFL2-AS1,
LINC02301 » LINC01508 c deHoTMNOM Makpodaros cTpoMmsl onyxonu npogemoHctpupoBsan, yto gHPHK LINC01508 3Ha-
4MMO NPAMO KOPPENUPYET C COAepX)aHueM Kak obuero yucna makpodaros (r=0,579; p = 0,017), Tak n makpocdaros Lu-
TOTOKCMYECKOTO M MMMyHOCYnpeccopHoro tdeHoTunos (r = 0,567; p = 0,004 u r = 0,496; p = 0,045 COOTBETCTBEHHO),
a akcnpeccus LCAL1 o6paTHO KOppenupyeT C COAEpKaHUEM LIUTOTOKCUYeCcKkux Makpotaros (r=-0,490; p=0,037). AHanu3s
NPOrHOCTUYECKOW 3HAYMMOCTM NOKa3aJ, YTo ToNbKO 3kcnpeccus AHPHK IGFL2-AS1 sBnsetca hakTopom 6naronpuaTHOro
NporHo3a npu NIOCKOKNETOYHOM pake nuwesoaa (oTHoweHue puckos 0,374; p = 0,039).

3aknioueHue. [InuHHble Hekopmpytowwme PHK ABNAOTCA BaXKHbIMU PEryNAaTOPHBIMU 31€MEHTaMU B HOPMaNbHbIX U OMyX0-
NIeBbIX KNETKax U 0671afaloT onpefeneHHbIMIU NpenMyLLecTBaMKU NPU [UATHOCTUKE OHKONOTMYeckux 3aboneBaHuin 6naro-
Japs CBOEN BbICOKO cneyndUyHOCTH 1 CTaOUNBLHOCTY KaK B TKAHAX, TaK U B LLUPKYJIMPYIOLLUX KUAKOCTAX opraHu3ma. Bee
60ble AaHHBbIX, MOJyYEeHHbIX B XOA€ HAay4YHbIX UCCNEL0BAHUM, NOKA3blBAKOT NEPCNEKTUBLI NOTEHLMANBHOTO KINHUYECKOTO
npuMeHeHUs aHanu3a akcnpeccumn AHPHK B kauecTBe MapKepoB paHHeW LUAarHOCTUKM U NOTEHLMANbHBIX TepaneBTUYeCKUX
MuweHeir. Mbl npoBenn peTpocnekTUBHOE UCCNe0BaHME U ONPeAennamn KnnHuyeckyo 3Hadnmocts AHPHK SNGH18, LCAL1,
IGFL2-AS1, LINC02301, LINCO1508 npu ni0oCKOKNETOYHOM paKe NUILEeBOA], YTO PACLUMPAET HALMW NPeSCTaBNEHUA O MOsie-
KYNAPHBIX U3MEHEHUSAX, HAONIOLAEMBIX NPU Pa3BUTUM LAHHOTO 3a60NeBaHUs.

KnioueBble cnoBa: nioCKOKNETOUYHbI pak nuuesopa, Hekopupyowue PHK, pgnnHHbie Hekopupylowme PHK,
MUKPOOKpYXeHue, makpocar
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Hekogupywowmx PHK npu pake nuwesoga B 3aBUCUMOCTM OT peHOTMNA OMYyXONEBON CTPOMBbI. Ycnexu MofeKynsapHoil
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INTRODUCTION resulting in late diagnosis and poor outcomes. Understanding
Esophagus squamous cell carcinoma (ESCC) is one  the mechanisms of tumor development and progression
of the most common types of malignant tumors in this condition contributes to the identification of new
of the digestive tract, characterized by a low 5-year survival ~ diagnostic markers and therapeutic targets. The literature
rate. In its early stages, the disease is often asymptomatic, describes numerous potential diagnostic and prognostic
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markers for esophageal cancer, as well as their combinations
for early diagnosis and disease monitoring [1—3]. However,
the available data remain insufficient for successful clinical
application.

It is well known that epigenetic factors, such as DNA
methylation, histone modifications, chromatin remodeling,
and regulatory non-coding RNAs (ncRNAs) play a significant
role in tumor progression. The primary types of these ncRNAs
are long non-coding RNAs (IncRNAs) and microRNAs.
In recent years, ncRNAs have increasingly been recognized
as potential diagnostic markers for various cancers, as their
expression levels differ between normal and tumor tissues.
Furthermore, they are regarded as markers for monitoring
and predicting disease progression [4]. Another important
factor in tumor pathogenesis is the tumor microenvironment,
particularly tumor-associated macrophages, which represent
the primary population of inflammatory infiltrating cells.

In esophageal cancer, as with certain other types
of gastrointestinal tumors, a high presence of tumor-
associated macrophages in the tumor stroma has been
shown to have favorable prognostic significance, which sets
this type of cancer apart from most other malignancies [5].
It is believed that tumor-associated macrophages,
depending on their phenotype, can either promote tumor
progression or inhibit its development [6]. However, this
paradigm has recently shifted, with new evidence suggesting
that all macrophages within the tumor, regardless of their
phenotype, may contribute to its progression. Specifically,
the cytotoxic activity of macrophages may lead
to the selection of more malignant cell clones that are
resistant to macrophage cytotoxicity, thereby promoting
tumor spread. In previous studies on prostate and lung
tumor models, we identified certain IncRNAs whose
expression changes were observed during the process of cell
resistance to cytotoxic activity [7].

Aim. To investigate the clinical significance of the
expression of IncRNAs SNGH18, LCALI1, IGFL2-ASI,
LINC02301, and LINC01508 in squamous cell carcinoma
of the esophagus, depending on the phenotype of the tumor
stroma.

MATERIALS AND METHODS

A retrospective study included 17 patients with ESCC
at various stages of tumor progression, who underwent
examination and treatment at the N.N. Blokhin National
Medical Research Center of Oncology. All procedures
performed in the study involving patients complied with the
ethical standards of the organization’s ethics committee and
the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards. Informed voluntary consent
was obtained from each participant included in the study.
The clinical diagnosis of all patients was confirmed
by morphological examination of the tumor in accordance
with the International Histological Classification of Tumors
of the Digestive System (World Health Organization, 2019).
A description of the studied sample is provided in table 1.

Table 1. Clinical and morphological characteristics of esophagus
squamous cell carcinoma patients

Parameter Number of cases, abs. (%)

Age, years:

<60 8 (47)

>60 9 (53)
Gender:

male 15 (88)

female 2 (12)
Stage:

1-11 7 (41)

I-1v 10 (59)
Tumor size:

T2-3 12 (71)

T4 5(29)
Nodal status:

NO 8 (47)

N+ 9 (53)
Metastasis:

MO 14 (82)

M+ 3(18)
Grade:

G, 11 (65)

G, 6 (35)

The immunohistochemical study was conducted using
standard techniques on sections of formalin fixed paraffin
embedded tumor tissue. Antigen retrieval was performed
using a Tris-EDTA buffer with a pH of 9.0. Primary
antibodies to CD163 (clone 10D6; BIOCARE, 1:100),
inducible nitric oxide synthase (iNOS) (SAB5500152; Sigma,
1:150), and CD68 (clone GR021, 61-0184 Genemed, 1:100)
were applied to the sections and incubated for 60 minutes.
The UltraVision Quanto Detection System HRP DAB
(Thermo Scientific) universal two-component detection
system was used, following the manufacturer’s instructions.
The prepared slides were evaluated under an OLYMPUS
BX53 microscope at 200x magnification. The overall
expression of CD163, iNOS, and CD68 in the tumor stroma
was scored based on the percentage of antigen-positive cells:
0—<1%;1—<25%;2—25-50 %; 3 — >50 %. For further
analysis, groups were classified into low-expression (0—1)
and high-expression (2—3) categories.

Total RNA was isolated from the cells using the RNeasy
Kit (Qiagen) in combination with the Trizol reagent
following the standard protocol. Complementary DNA
(cDNA) synthesis was performed through reverse
transcription using the RevertAid RT Kit (Thermo
Scientific). Gene expression levels were assessed by real-time
polymerase chain reaction. Primer sequences are provided
in table 2. Amplification was carried out on a CFX96 Touch
amplifier (Bio-Rad) with the following thermal cycling
program: 95 °C for 5 minutes, followed by 40 cycles of 95 °C
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Table 2. Primer sequences

Gene Forward primer Reverse primer t,°C
SNGH18 5> CCTAATGCTAAACATTGGTACA 3’ 5> GCAACACAGCATCACCTGTAC 3’ 60
LCALI 5> TCCAGCTACCTGCCACTTGC 3’ 5> TGCCAACTGCTTGTTCACCTG 3’ 60
IGFL2-AS1 5’AGCCTATTTCCAGACAACT 3’ 5’AGAATCAACGACCTCTACAT 3’ 53
LINC01508 5> GTATGGGGTGTCTAATCAGGG 3’ 5> GACTGTGGCTTTGCTAATGG 3’ 57
LINCO02301 5> TCTGGGCAGAAGGATCTACG 3’ S’AGCATCTAGGCCATGTGACC 3’ 60
GAPDH 5> TCGGAGTCAACGGATTTGGT 3’ 5> TCCCGTTCTCAGCCTTGACG 3’ 60

for 10 seconds, 60 °C for 30 seconds, and 72 °C for 30 seconds.
All reactions were conducted in two independent biological
replicates. Data analysis was performed using the Bio-Rad
CFX Manager software. The housekeeping gene GAPDH
was used as the reference gene. The relative gene expression
levels were calculated using the fold change (FC) method
with the formulas:

ACt = Ct (gene of interest) — Ct (GAPDH),
AACt = ACt (sample) — ACt (control),
FC =240,

Statistical analysis of the obtained results was performed
using GraphPad Prism v. 10. Differences in IncRNA
expression between tumor samples and conditionally normal
tissues were assessed using the Wilcoxon test for paired
samples. The diagnostic method’s informativeness,
including its sensitivity and specificity, was analyzed
by constructing ROC curves and calculating the area under
the curve (AUC). Correlation analysis was conducted using
Spearman’s correlation coefficient. Survival analysis was
performed by constructing Kaplan—Meier survival curves.
The follow-up period was the time from surgery
to the patient’s death or their last medical visit. For the
analysis of long-term treatment outcomes, patients were
divided into two comparison groups based on the relative
level of IncRNA expression, either above or below
the median. The significance of differences was compared
using the log-rank test. To assess the potential impact
of various risk factors on survival, multivariate analysis was
additionally performed using Cox’s proportional hazards
model. Differences were considered statistically significant
at p <0.05.

RESULTS

In the first stage of the study, the expression levels
of the investigated IncRNAs were evaluated in both tumor
tissue and conditionally normal esophageal tissue.
Subsequently, the diagnostic method’s informativeness was
analyzed by assessing its sensitivity and specificity through
the construction of ROC curves and the calculation of the
AUC. The results are presented in fig. 1.

The analysis revealed that the investigated IncRNAs
exhibited aberrant expression in esophageal tumors
compared to normal tissue, with the changes being
bidirectional. Specifically, LCAL1 and LINCO01508
IncRNAs demonstrated significantly higher expression
in tumor tissue, while LINC02301 showed a decrease
in expression. The expression levels of SNGHI18
and IGFL2-AS1 IncRNAs did not change significantly
(fig. 1, a). ROC analysis indicated a trend, suggesting
the potential diagnostic value of these IncRNAs, but highlighting
the need for further analysis on a larger patient sample
to confirm these findings (fig. 1, b).

Next, a correlation analysis was conducted to examine the
relationship between the expression of the studied IncRNAs
and the clinicopathological characteristics of the disease.
The results of this analysis are presented in table 3.

As shown in the data presented in table 3, the expression
levels of the IncRNAs SNGH18, LCAL1, IGFL2-AS1,
LINCO02301, and LINCO01508 did not demonstrate any
significant correlation with the clinicopathological
characteristics of the disease.

In the next phase of the study, we assessed the prognostic
significance of the investigated IncRNAs. The results of this
analysis are shown in fig. 2.
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Fig. 1. Expression analysis of SNGH 18, LCAL 1, IGFL2-AS1, LINC01508, LINC02301 long non-coding RNA in ESCC: a — comparative analysis of SNGH 18,
LCALI, IGFL2-AS1, LINC01508, LINC02301 long non-coding RNA expression in conditionally normal and tumor tissue of esophagus. Analysis was performed
using the Wilcoxon test. The graphs show the p-value; b — ROC analysis for SNGH 18, LCAL 1, IGFL2-AS1, LINC01508, LINC02301 in esophagus squamous cell

carcinoma patients — SNGH 18, area under the ROC curve (AUC) is 0.696 (p = 0.052), LCAL1, AUC is 0.851 (0.0005*), IGFL2-AS1, AUC is 0.613 (p = 0.263),
LINCO1508AUC is 0.676 (p = 0.089), LINC02301, AUC is 0.875 (p = 0.0002*)
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Fig. 2. Analysis of overall survival depending on the expression of SNGH1S8, LCALI, IGFL2-AS1, LINC01508, LINC02301 in esophagus squamous cell

carcinoma tumor tissue

The results of the study indicated that, with the
exception of IGFL2-AS1, the expression of the investigated
IncRNAs is not a prognostically significant factor
in esophageal squamous cell carcinoma (ESCC). High
expression of IGFL2-AS1 was found to be a reliable
indicator of favorable prognosis. Specifically, patients
with low IGFL2-AS1 expression had a median survival
of 18 months, while those with high expression had
a median survival of 32 months.

Subsequently, we conducted both univariate
and multivariate analyses regarding patient survival based
on IncRNA expression levels. The results are presented
in table 4.

Given that the clinical significance of tumor-associated
macrophages in esophageal tumors has not been definitively
established, and the investigated IncRNAs are associated
with tumor cells acquiring resistance to the cytotoxic activity
of macrophages, the next phase of our work involved
an immunohistochemical assessment of the expression
of macrophage markers CD68, CD163, and iNOS in tumor
samples.

We analyzed the clinical and prognostic significance
of tumor infiltration by macrophages of various phenotypes.
The presence of CD163+ macrophages was found
to significantly inversely correlate with disease stage (p = 0.05).
Additionally, only CD163+ macrophages showed a trend

2024

4 '



SKCNEPUMEHTAJIbHBIE CTATbU

Table 3. Correlation analysis of SNGH1S, LCAL1, IGFL2-AS1, LINC02301, and LINCO1508 long non-coding RNA expression with

clinical and morphologic characteristics of the disease

Parameter SNGH18 LCAL1

Age:

r —0,053 —0.109

p 0,840 0,674
Gender:

r 0,000 0,149

P 1,000 0,618
Stage:

r 0,122 —0,268

p 0,669 0,315
Tumor size:

r 0,264 —0,132

p 0,328 0,646
Nodal status:

r 0,000 —0,168

p 1,000 0,541
Metastasis:

r —0,094 —0,063

p 0,768 0,859
Grade:

r —0,126 0,075

P 0,660 0,808

Note. r — Spearman’s correlation coefficient; p — significance level.

IGFL2-AS1 LINC02301 LINC01508
—0,042 0,015 —0,169
0,874 0,956 0,513
0,112 0,075 —0,075
0,721 0,816 0,816
—0,073 0,173 0,099
0,813 0,530 0,736
0,184 0,160 0,267
0,506 0,569 0,321
—0,120 0,122 0,244
0,673 0,669 0,363
—0,346 —0,287 —0,096
0,197 0,294 0,766
—0,251 —0,204 0,178
0,350 0,456 0,518

Table 4. Statistical analysis of prognostic significance of long non-coding RNA SNGH18, LCAL1, IGFL2-AS1, LINC01508, LINC02301

Univariate analysis

Indicators studied

Hazard ratio
SNGH18 (high/low) 0,476
LCALL1 (high/low) 1,29
IGFL2-AS1 (high/low) 0,374
LINCO02301 (high/low) 0,682
LINCO01508 (high/low) 0,918

*Statistically significant.

towards prognostic significance. In cases of high tumor
infiltration by immunosuppressive phenotype macrophages,
the median survival was 20.1 months, whereas in low
infiltration cases, it was only 8.3 months. No patterns were
found for the overall macrophage content or for cytotoxic
phenotype macrophages.

Subsequently, a correlation analysis was performed
to examine the relationship between the presence
of different macrophage phenotypes in the tumor stroma

Multivariate analysis

J) Hazard ratio P
0,142 0,186 0,876
0,615 0,155 0,488
0,039* 2,454 0,692
0,462 8,346e+033 0,588
0,864 0,002 0,836

and the expression of the investigated IncRNAs. The results
of this analysis are presented in table 5.

As indicated by the results, IncRNA LINC01508 shows
a significant positive correlation with both the total number
of macrophages and the counts of cytotoxic
and immunosuppressive phenotype macrophages. This
suggests that LINC01508 may be expressed not only in
tumor cells but also in macrophages; however, this
hypothesis requires further investigation and verification.
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Table 5. Correlation analysis of SNGH 1S, LCAL1, IGFL2-AS1, LINC02301, and LINCO1508 IncRNA expression with the phenotype of

tumor stroma macrophages

Parameter SNGH18 LCAL1

CD68:

r 0,328 0,053

p 0,198 0,842
CD163:

r 0,225 0,186

p 0,382 0,472
iNOS:

r 0,359 —0,490

p 0,176 0,037*

*Statistically significant.
Note. r — Spearman’s correlation coefficient; p — significance level.

Interestingly, the expression of IncRNA LCALI displays
an inverse correlation with the presence of cytotoxic
macrophages in the tumor stroma.

DISCUSSION

This study aims to explore the clinical and prognostic
significance of the IncRNAs SNGH 18, LCALI1, IGFL2-ASI,
LINC02301, and LINC01508, and to analyze the correlation
between their expression and macrophage infiltration
in the tumor stroma across different phenotypes. It is
known that a large portion of the human genome is
transcribed into non-coding RNAs, such as microRNAs
(miRNAs), IncRNAs, small nuclear RNAs, and others [8].
On one hand, most non-coding RNAs are still poorly
understood; on the other hand, some have been identified
as oncogenes or tumor suppressors, and their functional
mechanisms have been studied in detail [9]. IncRNAs are
molecules longer than 200 nucleotides that can regulate the
expression of various genes at transcriptional, post-
transcriptional, and epigenetic levels [10]. Aberrant
expression of IncRNAs in tumors can serve as diagnostic
and prognostic markers for many oncological diseases.

Previously, we demonstrated that tumor cells of various
etiologies can develop resistance to the cytotoxic activity
of macrophages. Transcriptome sequencing revealed
IncRNAs whose expression changed in cell lines resistant
to the cytotoxic activity of macrophages [7]. According
to the limited literature data, all the IncRNAs studied
in this work have tumor-promoting properties, and their
expression contributes to disease progression [11, 12]. It is
worth noting that the expression of SNGH18, LCALI,
IGFL2-AS1, LINCO02301, and LINC01508 in squamous
cell carcinoma of the esophagus has not been previously
studied. We were the first to show that the expression
of IncRNA LCAL1 and LINCO01508 in tumor tissue is higher
compared to normal tissue, while the expression of IncRNA
LINC02301 was found to be reduced. The expression
of IncRNAs SNGH 18 and IGFL2-AS|1 did not significantly

IGFL2-AS1 LINC02301 LINC01508
0,479 0,095 0,579
0,050* 0,938 0,017*
0,445 —0.021 0,496
0,075 0,713 0,045*
0,166 0,089 0,567
0,544 0,743 0,004*

change. The ROC analysis conducted showed that the
expression of these IncRNAs is not suitable for diagnosing
squamous cell carcinoma of the esophagus.

Literature indicates that IncRNA PGM5-AS1, which
acts as a tumor growth suppressor and is characterized
by reduced expression in esophageal tumors, can be used
for diagnosing this pathology [8]. Interestingly, in our study,
we observed higher expression of LINC01508 in esophageal
tumor tissue. In our previous research on non-small cell
lung cancer samples, we found that the expression of this
IncRNA was significantly decreased in tumor tissue
compared to normal tissue, indicating that the change
in expression of this molecule during tumor development
is not universal and is tissue-specific [13].

In tumors of various etiologies, the expression
of the IncRNAs we studied has been shown to hold clinical
significance. For example, high expression of SNHG18
promotes the proliferation and invasion of non-small cell
lung cancer cells [14] and is a predictor of poor prognosis
in bladder cancer [15]. In our study, no association was
found between the expression of IncRNAs SNGH18,
LCALI, IGFL2-AS1, LINC02301, and LINCO01508
with the clinicopathological characteristics of the disease,
such as tumor differentiation and stage; however,
a connection was established with disease prognosis
and the phenotype of macrophages infiltrating the tumor
stroma. We demonstrated that the expression of IncRNA
LINCO01508 significantly correlates positively with
the presence of macrophages of all phenotypes. This
suggests that this IncRNA may be expressed not only
in tumor cells but also in macrophages, although this
hypothesis requires validation and further investigation.
Interestingly, the expression of IncRNA LCALI inversely
correlates with the content of cytotoxic macrophages
in the tumor stroma, leading to the hypothesis that this
IncRNA may play a role in shaping the phenotype
of immune cells in the esophageal stroma and confirming
its tumor-promoting function in this type of tumor.
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Literature also presents data demonstrating a correlation
between the expression of IncRNA IGFLI1-AS1
and the total number of macrophages in the tumor stroma
[16], which is consistent with our findings.

Literature also indicates that IncRNAs IGFL2-AS1 and
SNGH 18 serve as markers of poor prognosis for various types
of tumors, such as colorectal cancer [16] and renal cell
carcinoma [17]. Our analysis of the prognostic significance
of the studied IncRNAs demonstrated that only IGFL2-AS1
is a prognostically significant factor, with its high expression
associated with better survival in patients with ESCC.
The median overall survival in patients with high expression
of IGFL2-ASI is twice as high compared to patients with low
expression. Similar patterns were observed for IncRNA
SNGHI18, where the median survival for patients with high
expression of this IncRNA is 20 months, while for patients with
low expression, it is 12.8 months; however, these results did not
reach statistical significance.

It is important to note the limitations of this study, such
as the small sample size, the retrospective nature
of the work, and the polymerase chain reaction analysis
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