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ABSTRACT  37 

BACKGROUND: CD155 immune checkpoint has recently emerged as a compelling immunotherapeutic 38 

target. Epigenetic DNA methylation changes are recognized as key molecular mechanisms in cancer 39 

development. Hence, the identification of methylation markers that are sensitive and specific for breast 40 

cancer may improve early detection and predict prognosis. We speculate that CD155 promoter 41 

methylation can be a valuable epigenetic biomarker, based upon strong indications for its 42 

immunoregulatory functions. 43 

METHODS: Methylation analyses were conducted on 14 CpGs sites in the CD155 promoter region by 44 

bisulfite pyrosequencing. To elucidate the related gene expression changes, a transcriptional study using 45 

RT-qPCR was performed. Statistical analyses were performed to evaluate correlations of CD155 46 

methylation profiles with mRNA expression together with clinical-pathological features, prognosis and 47 

immune infiltrate. 48 

RESULTS: CD155 promoter methylation profile was significantly associated with SBR grade, tumor size, 49 

molecular subgroups, HER2 and hormonal receptors expression status. Low CD155 methylation rates 50 

correlated with better prognosis in univariate cox proportional hazard analysis, and appeared as an 51 

independent survival predictor in cox-regression multivariate analysis. Further, methylation changes at 52 

CD155 specific CpG sites were consistent with CD155 membranous mRNA isoform expression status. 53 

Statistical analyses also showed a significant association with immune Natural Killer cell infiltrate when 54 

looking at the CpG7, CpG8, CpG9 and CpG11 sites. 55 

CONCLUSION: Altogether, our results contribute to a better understanding of the impact of CD155 immune 56 

checkpoint modality expression in breast tumors, revealing for the first time that specific CpG sites from 57 

CD155 promoter may be a potential biomarker in breast cancer monitoring.   58 
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INTRODUCTION  105 

Immune checkpoint molecules act in co-stimulatory and inhibitory pathways that tightly regulate the 106 

immune response and maintain self-tolerance under normal physiological conditions. Tumors have been 107 

shown to dysregulate these pathways to build immune resistance mechanism creating an 108 

immunosuppressive microenvironment leading to immune evasion of cancerous cell [1], [2]. Indeed, 109 

extensive studies revealed a crucial role for the immune system both in tumor suppression and promotion, 110 

by regulating adaptive and innate immune pathways involving especially T cells and Natural killer (NK) 111 

cells. Therefore, immune checkpoints molecules which target these immunoregulatory pathways hold 112 

promise to strengthen the body’s immunological function against tumors [3].  113 

The most known immune checkpoint regulators are programmed cell death 1 (PD-1)/PD-1 ligand 1 (PD-114 

L1), cytotoxic T lymphocyte antigen-4 (CTLA-4), T cell immune-receptor with immunoglobulin (Ig) and ITIM 115 

domains (TIGIT) [4], [5] and several others are currently being evaluated as potential therapeutic targets 116 

to improve the anti-tumor immunity. Recently, TIGIT and its ligand poliovirus receptor (PVR, CD155) have 117 

entered the limelight as novel immune checkpoints [6]. Besides, CD155 has an immunoregulatory potential 118 

upon interaction with the co-stimulatory immune receptor CD226 (DNAM-1) and the inhibitory checkpoint 119 

receptors TIGIT and CD96, which are differentially regulated at the cell surface of NK cells and T cells [6], 120 

[7]. The integration of signals from CD155 cognate receptors results in activation or inhibition of NK cell 121 

mediated innate immunity. In addition, CD155 overexpression has also been observed in various tumor 122 

types, including colon cancer, lung adenocarcinoma, melanoma, pancreatic cancer glioblastoma [8]–[12] 123 

and breast cancer [13]–[15]. Interestingly, we have recently reported the clinical significance and the 124 

prognostic value of CD155 protein expression in human breast cancer [14]. CD155 can be expressed in the 125 

cytoplasm or at the plasma membrane level, suggesting different immunoregulatory roles in the tumor 126 

microenvironment. Moreover, CD155 undergoes alternative splicing, generating four unique splice 127 

isoforms [16], [17]. It can be produced as soluble forms lacking the transmembrane domain, encoded by 128 

alternative splicing isoforms β and γ [18], or as a membrane-bound protein encoded by two alternative 129 

splicing forms, α and δ, referenced as the transmembrane isoforms [17]. Whereas transmembrane CD155 130 

acts as an activating ligand of NK cells and cytotoxic T lymphocytes (CTLs), other studies suggest that 131 

overexpression of soluble CD155 isoforms could act as a cancer-specific immune resistance mechanism 132 

against the cell mediated immune response by masking the signaling effect of transmembrane CD155 133 

isoform [19]. 134 

Moreover, expression of immune checkpoint molecules is further controlled by epigenetic mechanisms 135 

which add another regulatory layer to immune modulation. Since aberrant 136 
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hypermethylation/hypomethylation patterns frequently result in adverse tumorigenic gene expression 137 

and impaired immune checkpoint regulation,  differentially methylated loci might represent useful 138 

biomarkers in immune-oncology [20], [21]. More precisely, studies showed that altered gene expression, 139 

and/or deregulated epigenetic machineries display central roles in the onset and progression of breast 140 

cancer [22]. Particularly, DNA promoter methylation studies in patients with breast cancer using normal 141 

and cancer tissues showed hypomethylation irrespective of the immune checkpoint PD-L1 expression 142 

status [23]. Accordingly, a number of clinical biomarker assays are needed for early detection and to 143 

predict prognosis of cancer, combining therapies of DNA demethylating agents with immune checkpoint 144 

inhibitors [24], [25]. 145 

Therefore, we studied the differential expression of immune checkpoint CD155 in relation to its promoter 146 

methylation pattern in breast cancer patients. 147 

MATERIAL AND METHODS 148 

Study population and tumor samples 149 

This is a retrospective cohort study of females diagnosed with invasive breast carcinoma who underwent 150 

surgical resection prior to any treatment at the Department of Gynecology and Obstetrics of the Hedi 151 

Chaker University Hospital in the south of Tunisia. All procedures performed in this study were in 152 

compliance with the ethical standards of the institutional and the national research committee of Habib 153 

Bourguiba University Hospital and with the 1964 Helsinki declaration and its later amendments or 154 

comparable ethical standards. We collected a total of n = 116 well characterized primary breast cancer 155 

tissues, and n =11 non-tumor breast tissue samples from women without cancer used as healthy control. 156 

Samples were retrieved from the tumor bank of the Department of Pathology of the Habib Bourguiba 157 

University Hospital (Sfax, Tunisia) and they included 101 frozen tissues and 15 formalin-fixed and paraffin-158 

embedded (FFPE) tissues. The clinical pathological data acquired by retrospective medical records included 159 

age, histological grade, histological type, molecular subtype, tumor size, lymph node status, distant 160 

metastasis, lymphovascular invasion, menopausal status, adjuvant therapy status and clinical stage 161 

according to the 8th edition of TNM (tumor, node, metastasis) classification adopted by the International 162 

Union Against Cancer. The clinical-pathological characteristics of 116 breast cancer patients are 163 

summarized in Supplementary Table 1. Overall survival (OS) and disease-free survival (DFS) were 164 

investigated to evaluate CD155 influence upon patient prognosis at the department of medical oncology 165 

of the Habib Bourguiba University Hospital (Sfax, Tunisia). The overall follow-up time ranged from 1 to 151 166 
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months, with a median follow-up of 78.5 months, during which 25 patients underwent cancer relapse and 167 

29 died. 168 

Breast cancer subtyping  169 

Breast cancer molecular classification is based on the expression of classical biomarkers including estrogen 170 

(ER) and progesterone (PR) receptor, the human epidermal growth factor receptor 2 (HER2) and Ki-67 171 

labeling index as a cell proliferation biomarker. Expression of all biomarkers was carried out using 172 

immunohistochemical method. Hormone receptors (ER and PR) were considered positive when >1% of 173 

infiltrating tumor cell nuclei were stained. Tumors were considered positive for HER2 if immunostaining 174 

was scored as 3+ according to Wolff criteria [26] and cancers with HER2 scored as 2+ (indeterminate) were 175 

assessed through fluorescent in situ hybridization [FISH]. Ki-67 was visually scored for percentage of tumor 176 

cell nuclei with positive immunostaining above the background level using a cutoff at 20% of expression. 177 

Five molecular subtypes were defined: Luminal A (LA) if ER/PR+, HER2- and Ki-67 < 20%; Luminal B like (LB-178 

Like) if ER/PR+, HER2− and Ki-67 > 20%; Luminal B (LB) if ER/PR+ and HER2+; HER2 positive (HER2) if ER/PR179 

− and HER2+; Triple Negative Breast Cancer (TNBC) if ER/PR− and HER2− as described previously [14]. 180 

 181 

Immune infiltrate evaluation  182 

TILs evaluation was performed by a standardized methodology which relies on visual assessment of 183 

hematoxylin and eosin sections. According to the international TILs Working group recommendations (ref), 184 

TILs were detected by a semiquantitative evaluation by light microscopy. Briefly, all inflammatory 185 

mononuclear cells in the stromal compartment within the borders of the invasive tumor were evaluated 186 

and reported as a percentage than as a level (TILs grade). TILs outside the tumor border, around ductal 187 

carcinoma in situ and normal breast tissue, as well as in areas of necrosis were not taken into account. TILs 188 

expression levels were classified into 3 grades: low (0-10%), medium (10%-50%), and high (50%-90%) as 189 

described previously [27]. NK-TILs infiltration was assessed by immunohistochemistry using the anti-CD56 190 

antibody (NCL-L CD56-1B6, Leica Novocastra). NK-TILs were evaluated as CD56+ lymphocytes tissues count 191 

and distribution in ten randomly selected areas, and then evaluated at higher magnification (×40 192 

objectives). Scoring of NK-TILs immunostaining was determined as low (negative or weak) cell presence or 193 

high (moderate or strong) cell presence by a cut-off value of five cells as described previously [14]. 194 

 195 

 196 
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DNA extraction and qualification 197 

Five 10 μm thick OCT (Optimal Cutting Temperature compound) embedded frozen tissue and FFPE tissue 198 

sections were cut for each case. Sample matched genomic DNA was extracted by standard Proteinase K 199 

digestion with slight modification [28], followed by phenol–chloroform extraction and ethanol 200 

precipitation. FFPE tissues were deparaffinized in xylene followed by subsequent rehydration through 201 

graded alcohols prior to any extraction step. For each case, tissues were homogenized in 490 µl of 202 

proteinase K buffer (0.5M EDTA pH 8, 2M Tris, 1.5M NaCl, H2O) with a mixer mill (MM 400, RETSCH) using 203 

adapter Rack for 10 Reaction Vials and 10 mm stainless steel grinding balls at 30 Hz for 1 min. Samples 204 

were then incubated with 10 µl proteinase K (20mg/ml) at 56°C for four hours, after incubation the tissue 205 

dissolves completely. DNA was extracted by adding an equal volume of phenol-chloroform-isoamyl alcohol 206 

(25: 24: 1) and precipitated overnight with sodium acetate and ethanol at −20°C. The DNA pellet of each 207 

sample was collected by centrifugation for 20 minutes at 4°C, purified with cold 70% ethanol and air dried 208 

at room temperature. DNA was resuspended in 20 µl of sterile distilled water. Extraction yield was 209 

evaluated with Nanodrop 2000 spectrophotometer (Thermo Scientific, Wilmington, DE, USA). Extracted 210 

DNAs were then assessed for their integrity by a control PCR reaction designed to amplify a fragment of 211 

250 bp of the β-globin gene as described previously [29]. 212 

DNA bisulfite conversion and qualification 213 

Genomic DNA (500 ng) was bisulfite converted using the EZ DNA methylation kit (Zymo Research, 214 

Cambridge Bioscience, Cambridge, UK) according to manufacturer’s instructions. Bisulfite-treated 215 

genomic DNA was re-quantified using a Qubit 4.0 fluorometer (Life Technologies) according to the 216 

manufacturer’s protocol. Successful bisulfite conversion was confirmed by the amplification of a 208 bp 217 

amplicon of the SALL3 gene as described previously [30], under the following conditions: 95°C 15 min; then 218 

45 cycles of 94°C 30 sec, 55°C for 30 sec, 72°C for 30 sec; followed by 72°C for 10 min using the primer 219 

set: SALL3-Fw:5'-GTTTGGGTTTGGTTTTTGTT-3'; SALL3-Rev:5'-ACCCTTTACCAATCTCTTAACTTTC-3'. 220 

Successful PCR amplification was evaluated by TBE (Tris-Borate-EDTA) electrophoresis at 2% agarose gel 221 

and visualized by GelRed™ staining. 222 

CD155 pyrosequencing 223 

For CpG site-targeted bisulfite pyrosequencing, we used the PyroMark assay design 2.0 software for 224 

forward, biotinylated-reverse and sequencing CD155 primers design. Targets of interest were PCR 225 
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amplified using the PyroMark PCR kit (Qiagen, Hilden, Germany) according to manufacturer's instructions. 226 

For each sample, 50 ng of bisulfite-treated DNA was subsequently used for PCR amplification in a final 227 

volume of 25 μL containing 10 μM of forward primer and biotin-labeled reverse primer. The primers 228 

sequences are summarized in Table 1. Cycling conditions started with an initial PCR activation at 95°C for 229 

15 min, then 45 cycles of 95°C for 30 sec, 56°C for 30 sec, 72°C for 30 sec, followed by a final extension at 230 

72°C for 10 min. Successful PCR amplification was confirmed by TBE electrophoresis at 2% agarose gel and 231 

visualized by GelRed™ staining.  232 

After the amplification, pyrosequencing was performed using the PyroMark Advanced Q24 System 233 

according to the manufacturer’s guidelines (Qiagen, Hilden, Germany). In brief, Biotin-labeled PCR 234 

products were immobilized on Streptavidin-coated Sepharose beads (High Performance, GE Healthcare, 235 

Uppsala, Sweden) in the PyroMark binding buffer (Qiagen, Hilden, Germany). The mixtures were agitated 236 

at room temperature for 15 min under constant mixing (1400 rpm). The DNA-coated beads were 237 

subsequently captured by the PyroMark vaccum Q24 workstation, washed and denaturated. The beads 238 

with single-stranded DNA templates were then released into a 24-well plate with 20 µl of PyroMark 239 

annealing buffer (Qiagen, Hilden, Germany) containing the corresponding sequencing primer at a final 240 

concentration of 0.4 µM (Table 1) for 2 min at 80°C. The PyroMark plate was placed into a PyroMark Q24 241 

Advanced instrument (Qiagen, Hilden, Germany) and the sequencing procedure was performed by the 242 

cyclic dispensation of substrates, enzymes, and four different nucleotides in a pre-specified order 243 

(PyroMark Advanced Reagents, Qiagen, Hilden, Germany). Following pyrosequencing, the completed run 244 

files were imported into PyroMark Q24 Advanced software (version 3.0.0; Qiagen) and cytosine 245 

methylation was quantified. 246 

RNA extraction and real-time reverse transcriptase polymerase chain reaction analysis 247 

Frozen tissues (30 mg) were disrupted using a mixer mill (MM 400, RETSCH) until they are uniformly 248 

homogeneous. Total RNA was isolated from frozen tissues using the AllPrep DNA/RNA Mini Kit (Qiagen) 249 

according to the manufacturer’s protocol. Extraction yield was evaluated with Nanodrop 2000 250 

spectrophotometer (Thermo Scientific, Wilmington, DE, USA). First-strand cDNA was synthesized from 1μg 251 

of total RNA using PrimeScript RT reagent Kit (Takara Bio Inc., Otsu, Japan) according to the manufacturer’s 252 

recommendations. cDNAs were used as template for PCR using specific primers for CD155 and β-Actin 253 

(housekeeping gene/endogenous control). All samples were done in duplicate for both target and 254 

reference gene. Real-time quantitative PCR (RT-qPCR) were performed in a CFX96 Real Time PCR detection 255 

system (Bio-Rad, Hercules, CA, USA) and carried out in a final volume of 10 μl using 5ng of cDNA, 0.3μl of 256 
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each primer (10 μM), 5 μl of the TB Green Premix Ex Taq II (TliRNaseH Plus, Takara Bio, Japan) and RNase 257 

free water (DEPC-Treated). The thermal cycling conditions were as follows: 30 s at 95°C and 39 cycles of 258 

10 s at 95°C, 30 s at 64°C and 5 s at 72°C. 259 

CD155 primer set was carefully designed to amplify relevant transcripts without genomic DNA 260 

contamination. PCR primer sequences were as follows: CD155-Fw:     5’- ACTCAGGCATGTCCCGTAAC-3’   261 

and   CD155-Rev:     5’- CTGTACTCGAGGGACACAGATG-3’; for β-Actin amplification the following primer 262 

set was used: β-Actin-Fw: 5’ -CATCGAGCACGGCATCGTCA -3’ and β-Actin-Rev: 5’ -263 

TAGCACAGCCTGGATAGCAAC-3’ (211bp). Melt curve analysis was performed for all PCR products following 264 

RT-PCR run using the Bio-Rad CFX Manager software 3.1 (Bio Rad, Redmond, WA, USA). The CD155 mRNA 265 

expression level is given as relative copy numbers normalized against β-Actin housekeeping gene 266 

transcripts. 267 

Statistical analysis 268 

The methylation data imported into R studio (version 3.6.1) were processed, correlations of the 269 

methylation percentages results with patients clinical-pathological features and with CD155 expression 270 

levels were assessed with Student’s t test and Anova test. 271 

In multivariate analysis, the calculation of the hazard ratios and their 95% confidence interval was carried 272 

out using a Cox model. Survival analyses were performed using SPSS 20.0 statistical software for Windows 273 

(SPSS Inc., IBM). 274 

For all the statistical tests used in this work, associations were retained as significant for a p-value ≤ 0.05. 275 

RESULTS 276 

Genomic designing and technical concept for CD155 promoter methylation analysis 277 

Primer sets with one biotin-labelled primer were used to amplify the bisulfite converted DNA. New primers 278 

for CD155 gene were designed using PyroMark Assay Design software version 2.0 (Qiagen), amplicons 279 

were kept short with lengths between 90 and 150 base pairs (bp) to enable subsequent studies on FFPE 280 

specimens. Primers were located in promoter CpG islands identified by MethPrimer, depending on where 281 

the design of the assay allowed for optimal primers. Due care was taken to avoid any primer overlapping 282 

CG dyads to prevent amplification biases.  283 

The choice of the genomic region sensitive to methylation was carried out by the CpGs island prediction 284 

software the Li Lab Tools and Databases (http://www.urogene.org/cgi bin/methprimer/methprimer.cgi). 285 
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CD155 genomic sequence was extracted from genomic databases (Genome Browser) by adopting the 286 

annotation proposed by Ensembl genome browser (http://www.ensembl.org). Selection was performed 287 

on the entire genomic sequence with the addition of 2 kbp in upstream of its first ATG.  288 

Li Lab Tools Software displays the potential CpGs islets of the submitted selection, regions with the highest 289 

score were considered for primers design. The in-silico study showed that the CD155 gene has 8 exons and 290 

7 introns and that the first 2000 nucleotides of its promoter contain a single CpG island (Figure 1).  291 

Regions of interest were then submitted to the software provided by Qiagen "PyroMark Assay Design 2.0". 292 

The corresponding converted sequence after bisulfite treatment were provided and the corresponding 293 

primer sets are automatically generated containing both PCR primers and sequencing primers. Each set of 294 

primers is associated with a quality index assigned in the form of a score based on several parameters 295 

specific to the pyrosequencing analysis. The selected primer set had a score equal to 80%. The reverse 296 

primer of the selected primer set has the particularity of being coupled to a biotin molecule, allowing its 297 

purification during pyrosequencing. We quantified methylation percentages of the CpG sites of CD155 298 

gene promoter by pyrosequencing using a CD155 sequencing primer. The targeted region in our study 299 

displays 14 CpG sites (Figure 1). According to UCSC genome browser and ENCODE data, this region is 300 

located in a CpG island encompassing several enhancers and regulatory elements, suggesting that this 301 

region is involved in the active transcription of CD155. 302 

Evaluation of CpG sites methylation rates of CD155 gene promoter by pyrosequencing 303 

CD155 promoter methylation was investigated in 116 primary breast carcinoma samples taken from FFPE 304 

and frozen cancerous breast tissue biopsies. In addition, 11 healthy breast samples taken from frozen 305 

tissues were included in our study as healthy controls. The pyrograms obtained display methylation rates 306 

calculated by comparing the heights of C and T peaks at each CpG site. The results of pyrosequencing of 307 

the selected region show that the methylation rates are relatively low and range between 1 to 46%. FFPE 308 

samples were successfully analyzed and were therefore included for pyrosequencing analysis, samples 309 

ranged in their degree of methylation between 0% and 43.02%. Likewise, frozen samples were successfully 310 

analyzed and were further investigated for their promoter methylation. Frozen cancerous breast tissue 311 

DNAs ranged in their degree of methylation between 0% and 45.83%, while healthy frozen samples ranged 312 

between 0% and 30.08%. To ensure our results credibility, samples were pooled for subsequent analyses 313 

taking into account the significant difference between FFPE and frozen samples using correction 314 

coefficient.  315 



11 

 

Statistical analyses showed no evidence for significant differences in global methylation level (overall 316 

methylation mean percentage) of cancer tissues as compared to healthy controls, although cancer tissues 317 

were slightly higher in methylation (p-value = 0.508) 318 

Association between CD155 methylation status, clinical indicators and immune infiltrate data 319 

Table 2 summarizes all the correlations established between the CD155 gene promoter CpG sites 320 

methylation status, and the clinico-pathological data. We evaluated the differences in global DNA 321 

methylation according to clinical-pathological features. Although methylation appeared to be higher for 322 

the tumor SBR grades II and III, the correlation did not reach statistical significance (p-value = 0.064, Fig 2, 323 

a). However, a significant correlation was found between CD155 methylation status and tumor size where 324 

higher levels of methylation were correlated with higher tumor size (p-value = 0.001, Fig 2, b). 325 

Statistical analyses also showed a significant association with molecular groups. Most importantly, the 326 

Her2, LB and TNBC groups had almost the same trend with higher global methylation rates compared to 327 

the LB-like and LA groups (p-value = 0.00343, Fig 2, c). On the other hand, statistical analysis showed a 328 

significant and positive correlation between a higher methylation and the expression of the HER2 receptor 329 

(p-value = 0.005, Fig 2, d). Meanwhile, negative correlations with progesterone (RP) and estrogen (RE) 330 

receptors expression status (p-value = 0.007 and p-value = 0.03, respectively, Fig 2, e-f) were found.  331 

Next, we assessed the difference in overall methylation mean percentage according to Tumor infiltrating 332 

lymphocytes (TILs) and NK cells (NK-TILs) in breast cancer patients. No association with the immune 333 

infiltrate was found (Table 2). 334 

Profiling of differentially methylated CpG sites related to clinical-pathological data 335 

We determined which of the 14 individual CpG sites were better suited to be related to clinical-336 

pathological indicators, we therefore scanned the entire region to refine our search. Table 3 reports the 337 

different correlations between the methylation rates of the 14 individual CpG sites and clinical-338 

pathological features. With SBR grade, a statistically significant difference in methylation between the 339 

three groups was observed when looking at CpG7 and CpG9 (p-value = 2.17e-2, p-value = 2.46e-2, 340 

respectively) with the same trend observed when comparing global methylation mean percentage with 341 

SBR grade. Moreover, a significant correlation was found with molecular group, this difference is observed 342 

in almost all CpG sites particularly in CpG1, CpG3 to CpG10, CpG12 and CpG13. Statistical analysis also 343 

demonstrated significant associations with the expression of the HER2 receptor, a positive correlation 344 

between higher methylation rates and a HER2 + status was observed, the differences were significant for 345 
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CpG2 to CpG10 and CpG13 sites. On the other hand, a negative correlation with the receptors of RP and 346 

RE was found where RE + and RP + tumors were lower in methylation at CpG1, CpG3 to CpG9 and CpG13 347 

sites for the RE receptor, and the CpG4 to CpG9 and CpG13 sites for the RP receptor. In addition, a 348 

significant association was found between methylation status of all CpG sites and tumor size where larger 349 

tumors were higher in methylation compared to tumors with lower size. Further, we found a significant 350 

association with metastasis when looking at CpG4 where a higher methylation percentage correlated 351 

positively with metastasis.  352 

Statistical analyses also showed a significant association with NK cell infiltration when looking at the CpG7, 353 

CpG8, CpG9 and CpG11 sites (p-value = 3.53e-2, p-value = 0.0347, p-value = 1.39e-2 and p-value = 0.0119, 354 

respectively), where we noted a correlation between a higher methylated status and a dense infiltrate of 355 

NK-TILs (Figure 3, a-d). 356 

These results showed that the methylation percentages of CpG4 to CpG9 sites were better suited to be 357 

associated with clinical-pathological parameters than the average global CD155 methylation percentage. 358 

Therefore, CpG4 to CpG9 sites mean percentage methylation was used in the subsequent analyses. Thus, 359 

all analyses were performed with the average (sub_mean) of CD155 methylation over all six CpGs (CpG4 360 

to CpG9) and this did not affect the general conclusions (Table 2). 361 

CD155 membranous mRNA isoform expression analysis 362 

We studied the expression profile of CD155 by quantitative real-time PCR. We already highlighted that 363 

CD155 is expressed in several isoforms corresponding to splicing variants, it is expressed at the cytoplasmic 364 

or membrane level, this localization is tightly related to these isoforms. In fact, CD155 undergoes 365 

alternative splicing, generating four unique splicing isoforms. It can be expressed in a soluble form lacking 366 

a transmembrane domain, encoded by alternative splice isoforms β and γ, or as a membrane bound 367 

protein encoded by two alternative splicing isoforms, α and δ. To analyze the relative expression of CD155 368 

transcripts, we designed a primer set which amplifies cDNA but not genomic DNA. This primer set amplifies 369 

the sequence that covers the transmembrane domain, one primer of this set is located on exon 6 which 370 

corresponds to the transmembrane domain (α isoform) while the other is located on the junction exon 6 371 

– exon 7. CD155 transcripts were detected in most patients, although at different levels. The relative 372 

expression of each gene was normalized with respect to the housekeeping gene β-Actin (ACTB). The overall 373 

transcriptome patterns displayed a similar distribution of the normalized intensity values among all 374 

samples with no significant differences between the affected and control groups (p-value= 0.50). Relative 375 

mRNA abundance was determined by the 2ΔΔCq method (ΔΔCqx: [Cqx gene test−Cqx endogenous control] − 376 
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mean of ΔCq healthy control), and results are summarized as the mean ± s.d of two independent 377 

experiments. Correlations of CD155 mRNA expression profile with clinical indicators are summarized in 378 

Table 2. The only significant association was observed with histological type (p-value= 0.045). 379 

Correlations between DNA hypomethylation variations and transcriptional expression data 380 

CD155 mRNA transcripts were analyzed to verify possible associations with global changes in DNA 381 

methylation levels (sub_mean methylation percentage) for each patient. Samples lacking DNA methylation 382 

revealed relatively higher trend of CD155 transcription levels though not statistically significant (p-value: 383 

0.370, Figure 4, a). Consistent with these results, patients with strongest transcription levels for this 384 

checkpoint molecule were highly hypo-methylated, when methylation was dichotomized according to its 385 

median into highly or weakly hypomethylated tumors (p-value =0.159, Figure 4, b). 386 

Altogether, association between methylation and transcription levels for this gene was found insignificant, 387 

suggesting that CD155 expression might not be exclusively regulated by DNA methylation. 388 

Correlations between CD155 membranous mRNA isoform expression and protein localization 389 

We have earlier reported CD155 protein expression as strong prognostic parameter that is associated with 390 

breast cancer progression and patient’s outcome. Beforehand, we characterized two protein localizations 391 

via an immunohistochemistry detection method (IHC), which showed different contributions of each 392 

isoform in BC progression [14]. This prompted us to investigate potential correlations between CD155 393 

membranous mRNA isoform expression and protein localization. Therefore, we attempted to confirm 394 

whether CD155 membranous mRNA isoform expression is related to protein localization. To this end, we 395 

assessed the correlations between CD155 mRNA expression levels and CD155 protein expression. Despite 396 

the limited statistical significance, our results suggest that CD155 membranous mRNA isoform expression 397 

is positively related to membranous CD155 (m-CD155) protein localization, where high m-CD155 protein 398 

expression tumors reveal high transcription levels which are clearly reduced in tumors with high 399 

cytoplasmic CD155 protein expression (cyt-CD155). Although there was no significant correlation with 400 

transcription levels for both protein localizations, Fig. 5a, b shows a clear reciprocal trend, although with 401 

poor statistical significance. 402 

CD155 promoter methylation impact on patient’s outcome 403 

Overall survival (OS) and disease-free survival (DFS) were investigated by survival analysis over a 5-year 404 

period. Cox proportional hazard analyses were performed to determine the prognostic value of CD155 405 

overall methylation mean and CpG4-> CpG9 average methylation (sub_mean) in breast cancer patients.  406 



14 

 

Cox proportional hazard models were fit to estimate the effect of the non-dichotomized CD155 global 407 

methylation mean and CpG4 -> CpG9 average methylation percentages, accounting for tissue type. A 408 

significant association between CD155 global methylation mean or CpG4-> CpG9 average methylation and 409 

overall survival could be confirmed. The trend towards a negative effect of methylation percentage on 410 

patient survival was observed. In univariate Cox proportional hazard analysis, increased CD155 global 411 

methylation mean percentage (Hazard ratio [HR] = 1.051, 95% confidence interval (CI) = 1.010 to 1.095, p-412 

value = 0.015) or sub_mean methylation percentage (HR = 1.044, 95% CI = 1.003 to 1.087, p-value = 0.033) 413 

were significantly associated with reduced OS. Changes in DNA methylation at specific CpG sites showed 414 

a significant correlation between increased methylation at CpG7 individual site and reduced overall 415 

survival (HR = 1.049, 95% CI = 1.007 to 1.094, p-value = 0.023) 416 

Multivariate Cox proportional hazard analyses including SBR grade, molecular group, tumor size, distant 417 

metastasis, TILs and NK-TILs infiltration, and the expression of both cytoplasmic and membranous CD155 418 

protein added significant prognostic information with regard to OS and DFS for CD155 global methylation 419 

mean percentage (HR = 1.106, 95% CI = 1.038 to 1.177, p-value = 0.002 for OS ; HR = 1.064, 95% CI = 1.008 420 

to 1.122, p-value = 0.024 for DFS) or CpG4 -> CpG9 average methylation percentage (HR = 1.097, 95% CI = 421 

1.031 to 1.167, p-value = 0.003 for OS ; HR = 1.059, 95% CI = 1.004 to 1.116, p-value = 0.036 for DFS). These 422 

results confirm that CD155 methylation is an independent predictor of survival. 423 

Since CD155 mRNA expression and DNA methylation seem to be related, we next sought to determine 424 

their value in predicting clinical outcome. Multivariate analysis further confirmed that CD155 methylation 425 

is an independent risk factor for breast cancer patients. The impact of other covariates (adjustment 426 

factors), including CD155 membranous mRNA isoform expression, SBR grade, molecular group, tumor size, 427 

metastasis, TILs and NK-TILs infiltration, and the expression m-CD155 and cyt-CD155 protein on overall 428 

survival and disease-free survival, was tested and showed a significant and unfavorable effect of CpG4-> 429 

CpG9 average methylation percentage (sub_mean) on survival (HR = 1.103, 95% CI = 1.024 to 1.187, p-430 

value = 0.010 for OS ; HR = 1.059, 95% CI = 1.001 to 1.121, p-value = 0.048 for DFS). Furthermore, the 431 

prognostic value of CD155 membranous mRNA isoform expression on OS was also verified in the combined 432 

analysis, and the results showed that lower expression pointed to poorest overall survival (HR = 0.874, 433 

95% CI =0.712 to 1.074). In addition, the impacts of CD155 membranous mRNA isoform expression and m-434 

CD155 protein expression on patient’s outcome are consistent (HR = 0.472, 95% CI =0.132 to 1.691). 435 

 436 
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DISCUSSION 437 

Breast cancer is known to be one of the most complex, multi-factorial and multi-signal biological process 438 

in carcinogenesis. Gene mutations and epigenetic modifications are factors resulting in tumorigenesis and 439 

cancer progression of breast tumors. Besides, aberrant DNA methylation patterns are associated with 440 

transcriptional repression, abnormal activation or inactivation of signaling pathways, abnormal apoptotic 441 

mechanisms, activation of proto-oncogenes and the promotion of tumorigenesis. One of the most 442 

attractive routes is the panel of immune checkpoint molecules which seems to have an important role in 443 

the physiopathology of cancers. Among these molecules, CD155 expression has been recently described 444 

with its pivotal function in a wide range of malignant cancers due to its complex interactions and 445 

associated roles in the immune response [8]–[11], [14], [31]. More specifically, we have previously 446 

reported the differential contribution of CD155 protein expression according to its localization site in 447 

breast cancer progression and outcome. We provided evidence that CD155 is expressed at the cytoplasmic 448 

or membranous level, thereby differential localization seems to have an importance in the tumor 449 

microenvironment designing and physio-pathological features [14]. Interestingly, CD155 gene 450 

transcription leads to mRNA products that can be alternatively spliced into different isoforms and 451 

ultimately translated in four possible proteins, two transmembrane forms and two soluble forms [17]. For 452 

this, we have hypothesized an epigenetic regulation, we precisely speculate changes in methylation status 453 

of CD155 gene. In this study, we have evaluated the potential use of CD155 promoter methylation as a 454 

prognostic biomarker in breast cancer. DNA methylation changes were validated by pyrosequencing, the 455 

targeted region in our study contains 14 specific CpGs sites in the promoter region of CD155 gene. 456 

We tempted to elucidate whether CD155 expression is under direct epigenetic control in breast cancer 457 

patients. Indeed, transcriptional analyses were carried out in order to ascertain if hypomethylation 458 

variations would affect CD155 mRNA expression. Our results showed consistent patterns where trends 459 

were consistently negative for all CpG sites. Thus, we observed higher but not statistically significant CD155 460 

membranous mRNA isoform transcription levels among samples lacking DNA methylation. Previously, 461 

many studies have reported that gene expression is a complex process and that the interplay between 462 

many different genetic, epigenetic, and epi-transcriptomic factors may also be involved in regulation of 463 

gene expression [32]–[34]. Besides, differences in methylation levels might be necessary but not sufficient 464 

for genes expression. Our data seem to point into the same direction; thus, this might explain the lack of 465 

significative association between CD155 methylation and mRNA expression. Further, in order to clarify the 466 

interplay between protein and mRNA expression, we aimed to confirm whether CD155 membranous 467 
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mRNA isoform expression is related to protein localization. Our results showed a positive association 468 

between CD155 membranous mRNA isoform overexpression and high membranous CD155 (m-CD155) 469 

protein localization. The consistency between CD155 mRNA isoform expression and protein localization 470 

suggests that the expression of m-CD155 protein reflects the transcription of the corresponding isoform 471 

and is likely to be regulated at the transcriptional level in breast cancer tissues. This conclusion is supported 472 

by previous study showing the relationship between gene expression measured at the mRNA level and the 473 

corresponding protein level in lung adenocarcinomas [35].  474 

Our results identify for the first time that the CD155 promoter methylation pattern is a reliable 475 

clinicopathological biomarker of immune checkpoint regulation in solid tumors. Previous studies have only 476 

shown the expression of CD155 by cancer cells but no study has reported its promoter methylation status. 477 

Herein we have initially described the clinical impact of CD155 promoter methylation pattern. Statistical 478 

analyses demonstrated that higher levels of CD155 promoter methylation correlated with higher tumor 479 

size. In agreement with this observation, previous studies reported that CD155 expression level was 480 

significantly associated with tumor size in breast cancer, soft tissue sarcoma and in primary small cell 481 

carcinoma of the esophagus [36]–[38]. Further, CD155 methylation levels among molecular subgroups 482 

showed significant results, most importantly, the Her2, LB and TNBC groups correlated with higher 483 

methylation rates. In contrast, recent studies reported that the proportion of patients with CD155 484 

expression was higher in TNBC compared to LA groups [15], [39]. Our conclusion does not differ from 485 

previous reports as methylation rates in our study remain relatively low. In addition, we identified a strong 486 

and positive correlation between a higher methylation percentage and the expression of the HER2 487 

receptor. Meanwhile, negative correlations with progesterone and estrogen receptors expression status 488 

were identified. Thus, on the basis of data obtained from the publicly available database from The Cancer 489 

Genome Atlas (TCGA), we compared clinical DNA methylation data from the TCGA with differentially 490 

methylated DNA within the targeted CpG motifs in CD155 gene promoter, and we obtained similar 491 

conclusions. In fact, CD155 expression and its promoter methylation status are negatively correlated, 492 

which is confirmed by the Pearson correlation coefficients. Besides, a comprehensive study by the TCGA 493 

Network [40], [41], have demonstrated clear differences in CD155 expression and methylation, as well as 494 

HER2, estrogen and progesterone receptor status, and molecular subtypes between the different breast 495 

cancer samples.  496 

Moreover, when comparing patient’s distant metastasis and lymphovascular invasion according to CD155 497 

promoter methylation or protein expression in breast cancer tissues, data show a limited significant but 498 



17 

 

interesting association between no distant metastasis or lymphovascular invasion and CD155 promoter 499 

methylation and with loss of m-CD155 protein expression in breast cancer tissues as we previously 500 

reported [14]. Our results clearly show that CD155 promoter methylation correlated with CD155 protein 501 

expression and the invasion process implying that methylation of the CD155 promoter may affect tumor 502 

progression in advanced breast cancer tissues via the regulation of protein expression at the membranous 503 

localization. This may be due to changes in the tumor microenvironment resulting from CD155 aberrant 504 

methylation. Further studies investigating the mechanism behind this process may offer insights into 505 

potential therapeutic targets or prognostic biomarkers in breast cancer disease monitoring. Indeed, 506 

checkpoint inhibitors have become an efficient way for cancer therapy. Notably, monoclonal antibodies 507 

targeting the PD-1/PD-L1 signaling axis have shown striking clinical success against multiple malignancies. 508 

However, while these therapies are very efficient in certain tumors, others showed low response rates to 509 

PD-1/PD-L1 blockade [42]. This discrepancy might be explained by the immune infiltrate, the differential 510 

expression status of target molecules, and the impact of the tumor microenvironment. Interestingly, 511 

CD155, which interacts with receptors expressed on T and NK cells, recently emerged as a compelling 512 

immunotherapeutic target [43], [44]. CD155 has an immunoregulatory potential upon interaction with 513 

DNAM-1, CD96, and TIGIT, resulting in two distinct profiles of effector cell activation. In the setting of 514 

cancer, TIGIT is under active investigation as a target for immune checkpoint blockade owing to its 515 

inhibitory effects on T cell proliferation and function [45]. In preclinical models, it was recently reported 516 

that TIGIT blockade has limited efficacy as a monotherapy but is able to significantly potentiate the efficacy 517 

of PD-1 and CD96 blockade [46]. It was demonstrated that TIGIT/PD-1 is expressed on CD8+ lymphocytes, 518 

suggesting that cancerous cells may be able to upregulate PD-L1 and CD155 during immune evasion, by 519 

interacting with their ligands expressed on TILs to suppress their cytotoxic activities. Additionally, CD155 520 

overexpression on malignant epithelium in high-grade serous ovarian cancer suggests that the disease 521 

may be subject to therapeutic strategies targeting CD155, such as oncolytic poliovirus, which is showing 522 

promising results in phase I trials against malignant glioma [43]. Finally, it was demonstrated that 523 

CD155/PVR is commonly expressed in TILs negative tumors suggesting that targeting the CD155/TIGIT 524 

pathway might prove complementary to PD-1/PD-L1-directed approaches [46]. The deeper mechanisms 525 

underlying this relationship deserves further exploration, and more particularly the significance of CD155 526 

promotor methylation status in immunotherapy. 527 

To further evaluate CD155 influence upon patient prognosis, multivariate analyses were conducted and 528 

showed that decreased CD155 methylation mean percentage is significantly associated with better 529 

patients’ survival, which clearly reflects an unfavorable prognosis of CD155 methylation. It has been largely 530 
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demonstrated that CD155 has a pivotal role in a broad range of malignant tumors. A recent study reported 531 

that overexpression of CD155 in cancer cells correlated with an unfavorable prognosis of patients with 532 

lung adenocarcinoma [31], another study demonstrated that patients with pancreatic cancer displaying 533 

higher CD155 expression levels had significantly poor prognosis [11]. Likewise, upregulated CD155 534 

expression correlated with aggressive clinical-pathological features and unfavorable prognosis in patients 535 

with Cholangiocarcinoma [47] and with Primary Small Cell Carcinoma of the Esophagus [38]. While these 536 

previous studies reported that CD155 expression was a poor prognostic marker, other studies reported 537 

opposite results. Thus, studies on breast carcinoma and hepatocellular carcinoma showed that tumors 538 

overexpressing CD155 correlated with good prognosis [14], [48]. These discrepancies suggest that CD155 539 

may serve dual functions owing to its immunological and non-immunological mechanisms in various types 540 

of human cancers. Our finding is in good agreement with previous studies showing that the expression of 541 

CD155 is positively correlated with good prognosis in breast cancer and hepatocellular carcinoma [14], 542 

[48]. Our results showed consistency with m-CD155 protein expression findings and further elucidated 543 

that CD155 methylation is an independent predictor of prognosis. With the analysis above, we believe that 544 

CD155 methylation may be a prospective biomarker to predict the prognosis of breast cancer patients. 545 

Taken together, we speculate CD155 methylation as a potential regulator of CD155 expression and as an 546 

independent predictor of overall survival and disease-free survival in breast cancer patients. 547 

CONCLUSION 548 

Data generated in our study provide more evidence in respect to the identification of new reliable 549 

epigenetic biomarkers which is important in achieving a better prognosis. To date, CD155 immune 550 

checkpoint methylation has not been analyzed in breast cancer or any type of cancer. Our study suggests 551 

that quantification of CD155 promoter methylation levels by pyrosequencing is a promising diagnostic 552 

biomarker assay approach to predict breast tumor evolution and prognosis. Specifically, we identified six 553 

CpGs sites in CD155 gene promoter which perform well compared to the global methylation of all 14 CpGs. 554 

Hence, combining CD155 CpG4 -> CpG9 methylation rates could improve its sensitivity to correlate with 555 

clinical-pathological parameters and disease outcome. One of the intriguing findings of our study is that 556 

single CpG site 7 showed significant correlations with NK cell infiltrate, clinical parameters and prognosis. 557 

The level of methylation at this site deserves confirmation for therapeutic approaches as a potential target. 558 

Thus, further research on the role of CD155 methylation would be of considerable interest and will 559 

certainly add to our understanding of the regulation of gene products. 560 

 561 
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FIGURE LEGENDS 697 

Figure 1: Schematic representation of the human CD155 gene with its promoter region and selected CpG 698 

Island. The studied 14 CpG sites are shown as lollypops within the promoter range. 699 

 700 

Figure 2: CD155 promoter methylation mean according to clinical pathological features. The x-axis shows 701 

the mean percentage of global methylation and y-axis shows (a) SBR grade, (b) Tumor size, (c) Molecular 702 

group, (d) Her2 receptor, (e) RE receptor, (f) RP receptor. 703 

 704 

 705 

Figure 3: CD155 promoter methylation percentage of individual CpGs sites according to NK-TILs. The x-706 

axis shows the methylation percentage of (a) CpG7, (b) CpG8, (c) CpG9 and (d) CpG11 sites and y-axis 707 

shows NK-TILs.  708 

 709 

Figure 4: Different DNA methylation patterns for CD155 with respect to transcription levels (a) 710 

Distribution of methylation mean percentage across six CpG sites and (b) methylation dichotomized 711 

according to its median into highly or weakly hypomethylated tumors according to CD155 membranous 712 

mRNA isoform expression (2∆∆Cq). 713 

 714 

Figure 5: Correlations between CD155 membranous mRNA isoform expression analyzed by RT-qPCR and 715 

protein localization determined by IHC. Boxplot representation showing a comparison of (a) m-CD155 716 

and (b) cyt-CD155 distribution with respect to CD155 membranous isoform transcription levels (2∆∆Cq). 717 
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Table 1: Sequences and amplicon size of primers used for CD155 pyrosequencing. 731 

 732 

 733 

 734 

 735 

 736 

 737 
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 739 

 740 

 741 

 742 

 743 

 744 

 745 
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 747 

 748 

 749 

 750 

 751 

 752 

Gene PCR primers Product length Sequencing primer 

CD155 
5’-ATTTGGAATGTGGGAGATTTTATATAGGAA-3’ 

5’-BIOTIN-AAACCACCCAAACTAACCC-3’ 142 bp 5’-GAAGTAGTTTTTTTTAGTGGGTA-3’ 
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Table 2: Associations of CD155 promotor methylation (overall mean methylation or sub_mean methylation 753 

values) and CD155 mRNA expression (normalized counts) with clinical-pathological and immunological 754 

parameters.  755 

Variable N (%) 
Mean Methylation Sub_mean Methylation mRNA expression (2∆∆Cq) 

Mean ± SD Min Max p-value Mean ± SD Min Max p-value Mean ± SD Min Max p-value 

Age     0.191    2.46E-01    0.707 

≤40 18.1 3.5±4.6 0.19 19.41  3.58±6.06 0 24.68  2.47±5.5 0.05 25.29  

>40 81.9 4.01±6.27 0.62 40.56  4±6.82 0.51 40.38  2.18±2.92 0.007 15.84  

Menauposal Status     0.545 
   

5.67e- 1 
   

0.858 

Menauposed 52.6 4.25±6.9 0.62 40.56  4.2±7.5 0.51 40.38  2.2±2.9 0.013 15.84  

Premenauposed 47.4 3.63±4.81 0.19 23.67  3.6±5.7 0 24.68  2.3±4.2 0.007 25.29  

SBR 
 

 
  0.064  

  5.84E-02  
  0.207 

I 18.1 1.55±0.5 0.54 2.7  1.34±0.39 0.51 2.16  1.35±1.27 0.02 4.34  

II 37.9 3.96±5.35 0.19 29.23  3.95±6.04 0 27.6  3.05±4.9 0.02 25.29  

III 44 4.91±7.34 0.69 40.56  4.94±8.16 0.62 40.38  1.97±2.78 0.007 15.84  

GM 
 

 
  0.003  

  0.0001  
  0.787 

LA 25.9 1.63±0.67 0.54 3.3  1.37±0.43 0.66 2.16  1.95±2.62 0.02 11.39  

LB 12.9 5.75±6.98 1.03 29.23  5.67±7 0.83 27.6  2.96±6.87 0.007 25.29  

LB-Like 32.8 2.8±3.44 0.19 19.41  2.25±3.15 0 19.19  2.48±3.23 0.03 15.48  

HER2 11.2 7.2±6.89 1.58 19.44  8.94±9.92 1.26 26.11  1.01±1.37 0.02 4.3  

TNBC 17.2 6.06±9.59 0.74 40.56  6.2±9.87 0.74 40.38  2.22±2.39 0.04 7.16  

Histological type     0.631    6.53E-01    0.045 

CCI 80.2 3.25±5.77 0.19 40.56  3.79±6.47 0 40.38  1.86±3.33 0.007 25.29  

Others 19.8 4.44±6.79 0.62 29.23  4.39±746 0.51 27.6  3.66±4.08 0.04 15.84  

Lymphovacular 

invasion 
    0.228    2.14E-01    0.612 

No 59.5 3.44±5.95 0.19 40.56  3.38±6.4 0 40.38  2.38±3.73 0.007 25.29  

Yes 40.5 4.75±5.98 0.62 29.23  4.75±7.02 0.51 27.6  2±3.28 0.013 15.84  

ER expression     0.007    7.58E-04    0.128 

Negative  33.6 5.82±8.12 0.74 40.56  6.42±9.4 0.74 40.38  3.09±5.33 0.02 25.29  

Positive 66.4 2.96±4.16 0.19 29.23  2.59±4.07 0 27.6  1.87±2.4 0.007 11.39  

PR expression     0.0302    5.03E-03    0.846 

Negative  41.4 5.24±7.47 0.19 40.56  5.67±8.66 0 40.38  2.33±3.38 0.019 15.84  

Positive 58.6 2.99±4.38 0.54 29.23  2.62±4.28 0.51 27.6  2.18±3.68 0.007 25.29  

Her2 expression     0.0052    5.58E-04    0.939 

Negative  75.9 3.16±5.42 0.19 40.56  2.87±5.52 0 40.38  2.25±2.89 0.02 15.84  

Positive 24.1 6.46±6.98 1.03 29.23  7.25±8.69 0.83 27.6  2.19±5.47 0.007 25.29  

Tumor size     0.001    3.75E-04    0.56 

T1 ≤ 2 cm 19.8 3.9±5.18 0.8 23.67  3.87±6.31 0.66 24.64  2.91±5.29 0.019 25.29  

2 < T2 ≤ 5 cm 55.2 2.85±3.19 0.19 19.41  2.63±3.55 0 19.19  1.82±2.7 0.007 11.39  

T3 > 5 cm 11.2 3.32±4.42 0.54 17.76  3.57±5.72 0.73 22.45  3.15±4.42 0.06 15.84  

T4 13.8 8.76±11.55 0.72 40.56  9.26±12.27 0.66 40.38  2.22±2.3 0.06 7.95  
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Bold numbers indicate statistically significant correlations with p-values less than 0.05. 756 

 757 

 758 

 759 

 760 

 761 

 762 

 763 

 764 

 765 

 766 

 767 

 768 

Lymphnode status     0.79    4.52E-01    0.68 

N0 44 4.03±7.07 0.54 40.56  3.86±7.44 0.51 40.38  2.56±4.33 0.007 25.29  

N1 31 3.69±5.18 0.19 29.23  3.45±5.27 0 27.6  1.78±2.07 0.01 7.95  

N2 17.2 3.42±4.69 0.72 17.76  3.55±6.14 0.66 22.45  2.39±3.41 0.02 11.39  

N3 7.8 5.62±4.43 0.93 14.85  6.79±7.46 0.7 24.68  0.93±1.07 0.05 2.72  

Metastasis     0.0969    6.88E-02    0.378 

M0 88.6 3.52±5.54 0.19 40.56  3.35±6.02 0 40.37  2.34±3.72 0.007 25.29  

M1 11.4 6.21±8.06 0.93 29.23  6.34±8.55 0.7 27.6  1.28±1.45 0.02 4.63  

TNM stage     0.264    1.41E-01    0.75 

I 14.9 3.36±5.36 0.8 23.67  2.96±5.1 0.66 22.49  3.22±5.81 0.09 25.29  

IIA 26.3 3.09±3.65 0.62 19.41  2.75±3.83 0.51 19.19  1.73±2.34 0.007 7.56  

IIB 21.9 2.86±3.12 0.19 14.17  2.75±3.71 0 17.13  2.15±3.51 0.01 15.84  

IIIA 13.2 3.08±3.99 0.77 17.76  3.02±5.21 0.88 22.45  3.07±3.75 0.02 11.39  

IIIB 9.7 6.76±11.85 0.72 40.56  7.1±12.7 0.66 40.38  2.24±4.42 0.06 7.95  

IIIC 2.6 3.95±1.68 1.62 5.56  3.98±2.63 1.38 7.59  0.2±0 0.2 0.2  

IV 11.4 6.21±8.06 0.93 29.23  6.34±8.55 0.7 27.6  1.28±1.45 0.02 4.63  

NK-TILs 
    0.081 

   0.0682 
   0.719 

High  78.8 3.25±5.38 0.19 40.56 
 

3.1±5.9 0 40.38 
 

2.3±3.97 0.028 25.29 
 

Low  21.2 3.32±6.38 0.77 23.67  5.42±6.94 0.88 22.49  1.94±2.19 0.007 6.17  

TILs 
    0.596 

   8.63E-01 
   0.765 

Low 53.5 3.45±4.95 0.54 29.23  3.47±5.56 0.51 27.6  2.67±4.4 0.02 25.29  

Moderate 28.1 4.65±7.7 0.62 40.56  4.05±7.6 0.7 40.38  1.81±2.56 0.007 10.67  

High 18.4 3.83±5.3 0.19 19.44  4.05±6.63 0 26.11  1.79±1.82 0.09 5.49  
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FIGURE 1 769 
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FIGURE 2 784 
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FIGURE 3 786 
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FIGURE 4 796 

 797 

 798 

 799 

 800 

 801 

FIGURE 5 802 

 803 

 804 

 805 

 806 


