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Морфологічні особливості просторового розподілу Т-лімфоцитів  
при колоректальному раку з метастазами в регіонарні лімфатичні вузли

С. І. Тертишний, О. Г. Чуча, М. Д. Зубко

Мета роботи – визначити характер, інтенсивність і просторовий розподіл CD3+ і CD8+ Т-лімфоцитів при колоректальному 
раку (КРР) із метастазами в регіонарні лімфовузли та визначити імунні фенотипи на основі кластерного аналізу.
Матеріал і методи. Проведено імуногістохімічне дослідження з антитілами до CD3+ і CD8+ операційного матеріалу 
від 27 пацієнтів з КРР і метастазами в регіонарні лімфатичні вузли. Досліджено ділянки центра пухлини та інвазив-
ного краю, в яких аналізували локалізацію і характер розподілу CD3+ і CD8+ клітин в умовно стандартизованому 
полі зору площею 100 × 100 мкм2. Кількісні дані наведено як медіану та міжквартильний розмах (IQR). Просторову 
неоднорідність оцінено за квартильним коефіцієнтом дисперсії (QCD). Для порівняння показників між центром 
пухлини та інвазивним краєм застосовано критерій Вілкоксона. Ієрархічний кластерний аналіз виконано методом 
Варда після стандартизації даних.
Результати. Медіанна щільність CD3+ лімфоцитів статистично значущо вища на інвазивному краї порівняно з центром 
пухлини (7,30 [5,55; 13,55] і 4,80 [3,32; 5,18] клітин на поле зору; p < 0,001). Аналогічну закономірність виявлено для CD8+ 
лімфоцитів (3,40 [2,60; 4,00] і 1,70 [1,20; 2,50] клітин на поле зору; p < 0,001). Найбільшу просторову варіабельність ви-
значено для CD3+ клітин на інвазивному краї пухлини (QCD = 0,419). За результатами кластерного аналізу розрізняли три 
імунні фенотипи: immune-cold (44,44 %), immune-excluded (37,04 %) та immune-hot (18,52 %).
Висновки. Колоректальний рак із метастазами у регіонарні лімфатичні вузли характеризується просторовою неоднорідні-
стю Т-клітинної інфільтрації та переважним накопиченням CD3+ і CD8+ лімфоцитів на інвазивному краю пухлини. Аналіз 
просторової організації імунного інфільтрату дає змогу ідентифікувати біологічно відмінні імунні фенотипи, може бути 
використаний для прогнозування перебігу захворювання і персоналізації імунотерапевтичних підходів.
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Aim. To determine the nature, intensity, and spatial distribution of CD3+ and CD8+ T-lymphocytes in colorectal cancer (CRC) with 
regional lymph node metastases and to identify immune phenotypes by cluster analysis.
Materials and methods. An immunohistochemical study was performed with antibodies to CD3+ and CD8+ on surgical specimens 
from 27 patients with histologically verified CRC and metastases to regional lymph nodes. The tumor center and invasive mar-
gin were analyzed for the localization and distribution pattern of CD3+ and CD8+ cells in a standardized field of view (SFV) of 
100 × 100 μm2. Quantitative data were expressed as median and interquartile range (IQR). Spatial heterogeneity was assessed 
using the quartile coefficient of dispersion (QCD). Differences between tumor compartments were evaluated with the Wilcoxon 
signed-rank test. Hierarchical cluster analysis was performed using Ward’s method after data standardization.
Results. The median CD3+ lymphocytes density was significantly higher at the invasive margin than in the tumor center (7.30 [5.55; 
13.55] vs. 4.80 [3.32; 5.18] p < 0.001). The same pattern held for CD8+ lymphocytes (3.40 [2.60; 4.00] vs. 1.70 [1.20; 2.50] cells 
per SFV; p < 0.001). The highest spatial variability was observed for CD3+ cells at the invasive margin (QCD = 0.419). Cluster 
analysis identified three immune phenotypes: immune-cold (44.44 %), immune-excluded (37.04 %), and immune-hot (18.52 %).
Conclusions. Colorectal cancer with regional lymph node metastases exhibits pronounced spatial heterogeneity of T-cell infiltration 
and preferential accumulation of CD3+ and CD8+ lymphocytes at the invasive margin. Immune phenotyping based on spatial CD3+/
CD8+ analysis enables biologically meaningful tumor stratification and may inform prognosis and personalize immunotherapy 
selection.

Ключові слова:  
колоректальний 
рак, метастази 
в лімфатичні 
вузли, пухлино-
інфільтруючі CD3-, 
CD8-лімфоцити, 
просторова 
гетерогенність 
імунної інфільтрації.

Запорізький  
медичний журнал. 
2026. Т. 28, № 5(158).  
С. 459-466

Keywords:  
colorectal cancer, 
lymph node 
metastasis, tumor-
infiltrating CD3, CD8-
lymphocytes, spatial 
heterogeneity of 
immune infiltration.

Zaporozhye  
Medical Journal.  
2026;28(5):459-466

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license

Оригінальні дослідження

https://zmj.zsmu.edu.ua/
https://doi.org/10.14739/2310-1210.2026.5.361372
https://orcid.org/0009-0002-7155-2307
https://orcid.org/0009-0003-4239-1329
https://orcid.org/0000-0002-3683-4010
https://creativecommons.org/licenses/by/4.0/


460 ISSN 2306-4145	 https://zmj.zsmu.edu.ua	 Zaporozhye Medical Journal. Volume 28. No. 5, September – October 2026

Colorectal cancer (CRC) remains one of the leading causes 
of cancer incidence and mortality worldwide, ranking third 
in prevalence and second in mortality among malignant 
neoplasms [1,2]. Modern studies show that the course 
and prognosis of CRC are determined not only by its 
morphological characteristics but also substantially by the 
features of the tumor immune microenvironment [3,4]. Over 
recent decades, convincing evidence has accumulated that 
the intensity and spatial distribution of tumor-infiltrating 
lymphocytes are independent prognostic factors in CRC 
[5,6]. Of greatest importance is the density of CD3+ and 
CD8+ lymphocytes in the tumor center and at its invasive 
margin, as this topographic assessment more accurately 
reflects the antitumor immune response than total lympho-
cyte counts alone [7].

CD3+ is a pan-T-cell marker reflecting the total T-cell 
infiltrate and allowing assessment of the overall adaptive 
cellular immune response intensity. Spatial analysis of CD3+ 
cells (intratumoral, peritumoral and stromal localization) is 
important, because different infiltration patterns are asso-
ciated with different tumor progression. It has been shown 
that ahigh density of CD3+ lymphocytes in the tumor center 
and at the invasive margin was associated with a reduced 
risk of recurrence and better overall survival [8].

Conversely, insufficient intratumoral infiltration may 
indicate the formation of an immunosuppressive microen-
vironment. CD8+ is a cytotoxic T-lymphocyte marker and a 
key effector of antitumor immunity in the tumor microenvi-
ronment. In studies, CD8+ cells are evaluated both by total 
number and by spatial distribution [4]. This spatial-quanti-
tative assessment underpins the “immune context” con-
cept – a generalized characteristic of the immune tumor 
microenvironment and explains why the density of CD8+ 
infiltrate often correlates with the clinical course of the 
disease. A recent study has shown, that CD8+ lymphocyte 
density at the invasive margin provides independent prog-
nostic information: cancer-specific survival was superior in 
patients with high CD8+ density both in the primary cohort 
and during independent validation [9].

According to the pattern of CD8+ T-cell infiltration, 
distinct tumor immune phenotypes have been described 
[10]. The immune-hot phenotype is characterized by a high 
density of CD8+ cells both in the tumor center and at the 
invasive margin, corresponding to active antitumor immunity 
and a more favorable prognosis. The immune-cold pheno-
type is characterized by low T-cell infiltration throughout the 
tumor, indicating impaired immune recognition and a worse 
prognosis. The immune-excluded phenotype is defined by 
accumulation of immune cells in the peritumoral stroma 
without penetration into tumor nests, creating a microenvi-
ronmental barrier effect.

Particular attention is directed to immune infiltration 
in relation to the depth of tumor invasion – in the mucosa, 
the muscularis propria, and at the interface with adipose 
tissue. Spatial heterogeneity of T-cell infiltration may reflect 
the staging of the immune response and the progression of 
the tumor process. In 2006, the Immunoscore methodology 
(immune infiltration index of the tumor) was introduced as a 
quantitative index of intratumoral immune infiltration for pre-
dicting recurrence risk. This methodology was subsequently 
validated by an international consortium [11] and was based 
on determining the density of lymphocytes infiltrating the tu-

mor, which and demonstrated superior prognostic accuracy 
for patient survival compared with classic TNM staging.

However, despite a substantial body of research on the 
role of CD3+ and CD8+ T-lymphocytes in CRC [12,13], a 
number of aspects of the local antitumor immune response 
remain insufficiently studied. In particular, the morphological 
analysis of the spatial organization of the T-cell infiltrate in 
CRC with metastatic involvement of regional lymph nodes 
has received limited attention.

Aim
The aim of the study is to determine the nature, intensity, 
and spatial distribution of CD3+ and CD8+ T-lymphocytes in 
colorectal cancer with regional lymph node metastases, and 
to identify immune phenotypes based on cluster analysis.

Materials and methods
The study included surgical specimens from 27 patients 
with histologically verified CRC in whom histological ex-
amination confirmed revealed in regional lymph nodes. 
Histological evaluation identified well-differentiated (n = 2), 
moderately differentiated (n = 7), and poorly differentiated 
adenocarcinomas (n = 18). Surgical specimens were fixed 
in 10 % neutral buffered formalin for 24 hours with subse-
quent standard processing and paraffin embedding. Serial 
sections 3–4 μm thick were prepared from paraffin blocks, 
stained with hematoxylin and eosin for routine histological 
assessment. An immunohistochemical (IHC) study was 
performed using monoclonal antibodies to CD3+ and CD8+. 
T-lymphocytes were labeled in paraffin sections using 
monoclonal antibodies Mo a-Hu CD8+ (clone SP16), CD3+ 
clone (EP41) and the DAKO EnVision visualization system 
(all reagents from DAKO, Denmark).

Deparaffinization and rehydration of sections were 
performed by the standard method. Antigen retrieval was 
carried out by heat-induced epitope retrieval in a buffer solu-
tion according to the manufacturer’s protocol. After blocking 
endogenous peroxidase activity, primary antibodies were 
applied, followed by incubation with a secondary horse-
radish peroxidase-conjugated visualization system. The 
immunoreaction was visualized using 3.3’-diaminobenzidine 
(DAB); nuclear counterstaining was performed with hema-
toxylin. Positive and negative controls were included in each 
staining series in accordance with IHC quality standards.

Morphometric analysis was performed on tissue 
regions free of necrotic changes or hemorrhages in two 
compartments: the tumor center (within tumor nodules) 
and the invasive margin (defined as the peritumoral zone 
encompassing the tumor invasion front and adjacent stromal 
tissue). To characterize the immune response, resection 
margins without evidence of tumor growth were additionally 
examined as a reference (non-neoplastic) control.

Morphological and morphometric evaluations of the 
specimens were performed by light microscopy using a 
Carl Zeiss Axio Scope A1 microscope (Germany) equipped 
with a Jenoptik Progres Gryphax® SUBRA series camera 
(Germany). In each case, 10 fields of view were analyzed 
using the Videotest – Morphology 5.2.0.158 software. The 
localization and distribution pattern of CD3+ and CD8+ cells 
were analyzed in the histological specimens. The density 
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of CD3+ and CD8+ immunopositive cells was expressed as 
the number of cells per standardized field of view (SFV) 
with an area of 100 × 100 μm2.

Statistical analysis was performed using non-parametric 
methods. Quantitative evaluation of CD3+ and CD8+ lym-
phocytic infiltration was conducted separately in the tumor 
center and at the invasive margin. In each case, the analysis 
was carried out across 10 standardized fields of view, and 
the results were presented as median and interquartile 
range [Q1; Q3].

To assess parameter variability and the spatial hetero-
geneity of immune infiltration, the interquartile range (IQR) 
was determined and calculated as the difference between 
the third and first quartiles (IQR = Q3 − Q1). Additionally, 
the quartile coefficient of dispersion (QCD) was calculated 
using the formula: QCD = (Q3 – Q1) / (Q3 + Q1).

The QCD values were utilized as a measure of the spa-
tial heterogeneity of immune cell distribution, independent of 
the influence of extreme values. QCD <0.10 was interpreted 
as low spatial heterogeneity, 0.10–0.30 as moderate, and 
>0.30 as high heterogeneity.

Comparison of CD3+ and CD8+ lymphocyte densities 
between the tumor center and the invasive margin was 
performed using the Wilcoxon signed-rank test. Results 
were considered statistically significant at p < 0.05.

To characterize the relationship between total T-cell 
infiltration and the cytotoxic T-cell response, the CD3+/
CD8+ ratio was calculated separately for the tumor center 
and the invasive margin based on the median values of the 
respective parameters.

To identify natural tumor groups based on immune 
microenvironment characteristics, hierarchical cluster ana
lysis was performed. The analysis included CD3+ and CD8+ 
densities in the tumor center and at the invasive margin, 
standardized to Z-scores (mean = 0, SD = 1) in Microsoft 
Excel. The resulting standardized feature matrix was used 
for further hierarchical cluster analysis using Ward’s linkage 
method via Euclidean distance in the Statistica 12 program.

Results were visualized as a dendrogram; clusters were 
assigned to immune-hot, immune-cold, and immune-ex-
cluded phenotypes based on their median CD3+ and CD8+ 
density profiles.

Results
Immunohistochemical examination of the colorectal mu-
cosa at tumor-free resection margins revealed moderate 
physiological expression of CD3+, corresponding to the 
normal distribution of T-lymphocytes within the intestinal 
wall. CD3+-positive cells appeared as small mononuclear 
elements with distinct membranous-cytoplasmic staining, 
localized predominantly periglandularly around the crypts 
and occasionally intraepithelially between crypt enterocytes. 
The highest density of CD3+ cells was observed in the upper 
regions of the lamina propria; fewer cells were found in the 
basal regions of the crypts. Isolated cells were localized 
within the muscularis mucosae. Cell distribution was rela-
tively uniform, without the formation of dense aggregates 
or pronounced diffuse infiltration. The cell density per SFV 
was 5.5 (5.0; 8.0). In areas with chronic inflammation, fre-
quently observed in CRC patients, the CD3+ cell density was 
increased, and distribution became uneven. CD3+ cells were 

not detected within the muscularis propria of the intestine 
in any examined case.

The distribution of CD8+ cells within the lamina propria 
exhibited a similar pattern, although their count was sig-
nificantly lower at 2.5 (1.5; 3.0) per SFV, with substantial 
inter-case variability.

In CRC, both intratumoral and peritumoral components 
of T-cell infiltration were identified. T-lymphocytes were 
localized between tumor cells, occasionally penetrating 
glandular structures; however, their density within the stro-
ma was typically much higher than their intratumoral density. 
Weakly expressed or moderate, diffuse, and relatively 
uniform infiltration of CD3+ cells was observed in the tumor 
center. Single cells predominated; small groups of immu-
nopositive cells were less frequent, forming minor clusters 
around tumor glands and more prominent aggregations in 
the perivascular space (Fig. 1). The cell density in the tumor 
center was 4.80 (3.32; 5.18) cells per SFV.

The stroma in the tumor center was weakly or moder-
ately developed, represented by loose connective tissue 
with signs of desmoplastic reaction. The majority of immu-
nopositive cells were localized in the stroma peritumorally. 
Moderate density of CD3+ cells was determined in connec-
tive tissue layers, where cells were located mainly diffusely, 
sometimes in minor clusters and separated individual tumor 
glands. With significant desmoplastic changes, focal areas 
of high CD3+ T-lymphocyte density were observed around 
tumor complexes (Fig. 2), while within tumor complexes 
only isolated cells were present. The density of CD3+ cells 
at the invasive margin was 7.30 (5.55; 13.55) cells per SFV. 
Spatial heterogeneity analysis demonstrated moderate 
variability of CD3+ cells in the tumor center (QCD = 0.219).

The density of CD8+ T-lymphocytes in the tumor center 
was determined at 1.70 (1.20; 2.50), corresponding to a 
low level of infiltration (Fig. 3); however, cluster analysis 
revealed the presence of different types of immune microen-
vironment within the tumor, and accordingly, the median 
density of CD8+ T-lymphocytes also varied across different 
clusters. Areas with an almost complete absence of CD8+ 
cells, zones with CD8+ cells confined to the stroma without 
penetration into tumor complexes, and foci of increased 
infiltration density were all identified. A pronounced spa-
tial heterogeneity of CD8+ T-cell infiltration was thereby 
confirmed (QCD = 0.351); the cytotoxic component was 
reduced and spatially disorganized.

The CD3+/CD8+ ratio in the tumor center was 2.30 
(1.95; 3.18), indicating a relative deficit of cytotoxic T-lym-
phocytes within the total T-cell population. The obtained 
results suggest a dissociated T-cell response, character-
ized by preserved total T-cell infiltration with a reduced 
cytotoxic component and moderate spatial heterogeneity 
(QCD = 0.250).

The density of CD3+ T-lymphocytes at the invasive CRC 
margin demonstrated a moderately high level (7.30 [5.55; 
13.55] cells per SFV) with pronounced spatial heterogeneity 
(QCD = 0.419). The IQR in this group was 8.00, substan-
tially exceeding the IQR values in other groups (range 
1.30–1.86). The density of CD3+ cells was markedly in-
creased in some areas, indicating a local immune response 
within the tumor invasion zone (Fig. 4). Overall, the invasive 
margin showed significantly higher CD3+ infiltration than the 
tumor center, suggesting more active immune interaction 
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in this compartment; however, cell penetration into tumor 
complexes was extremely limited.

The density of CD8+ T-lymphocytes at the invasive CRC 
margin was 3.40 (2.60; 4.00) cells per SFV, corresponding 
to low-to-moderate cytotoxic infiltration.

Across all cases, a relatively lower density of CD8+ effec-
tor T-lymphocytes compared with CD3+ cells was observed, 
and no dense, continuous accumulation of effector cells was 
identified at the tumor–stromal interface (Fig. 5). The CD3+/
CD8+ ratio was 2.27 [1.74; 3.08], indicating a predominance of 
the total T-cell infiltrate over the cytotoxic effector component, 

suggesting limited efficacy of the antitumor immune response 
at the invasive tumor margin. The spatial heterogeneity index 
indicated moderate spatial non-uniformity for the CD8+ cell 
distribution at the invasive margin (QCD = 0.212).

Based on the density of CD3+ and CD8+ lymphocytes 
in the tumor center and the invasive margin, hierarchical 
cluster analysis using Ward’s method identified specific 
features of the immune microenvironment in CRC with re-
gional lymph node metastases. This analysis yielded three 
clusters differing in the intensity and spatial organization of 
T-cell infiltration.

	

	

	

Fig. 1. CD3+ expression in the tumor center. IHC. Mag. ×200.

Fig. 2. High density of CD3+ lymphocytic infiltration in desmoplastic stroma around tumor 
glands. IHC. Mag. ×100.

Fig. 3. CD8+ expression in the tumor center. IHC. Mag. ×400.

Fig. 4. Density of CD3+ T-lymphocytes at the invasive margin of CRC. IHC. Mag. ×100.

Fig. 5. Low level of CD8+ lymphocytic infiltration at the invasive tumor margin. IHC. 
Mag. ×200.
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The first cluster included 10 patients (37.04 %) and was 
characterized by a relatively low density of CD8+ cytotoxic 
T-lymphocytes in the tumor center, with significantly higher 
values at the invasive margin. The median CD8+ cell density 
in the center was only 1.7 (1.15; 2.08), whereas at the inva-
sive margin, it reached 2.7 (2.38; 3.55). A similar gradient 
was observed for CD3+ cells: 5.7 (4.97; 6.40) in the center 
versus 12.56 (9.05; 14.05) at the invasive margin. The CD3+/
CD8+ ratio in the tumor center and at the invasive margin 
was 3.22 and 4.11, respectively.

The second cluster comprised only 5 cases (18.52 %) 
with the highest values of intratumoral T-cell infiltration 
among the three clusters. The median density of CD3+ cells 
in the tumor center was 5.10 (4.80; 5.10) and of CD8+ cells 
was 2.70 (2.50; 2.70). T-cell infiltration at the invasive margin 
was the highest across all clusters: 13.80 (7.30; 14.20) and 
6.60 (6.40; 7.30) for CD3+ and CD8+ lymphocytes, respec-
tively. The CD3+/CD8+ ratio in the tumor center and at the 
invasive margin was 1.78 and 2.16, respectively.

The third cluster included 12 cases (44.44 %) with mod-
erate values of CD3+ and CD8+ cells in both compartments. 
The median CD3+ cell density in the center was 3.31 (2.25; 
4.09) and CD8+ was 1.43 (0.90; 1.50); at the invasive margin 
the corresponding values were 5.55 (3.98; 6.63) and 3.25 
(2.78; 3.60). The CD3+/CD8+ ratio in the tumor center and 
at the invasive margin was 2.35 and 1.93, respectively. 
Although the median CD8+ density at the invasive margin 
was somewhat higher compared to the immune-excluded 
phenotype, the overall level of T-cell infiltration remained 
relatively low.

The dendrogram of the hierarchical cluster analy-
sis using Ward’s method (Fig.  6) demonstrates three 
well-separated groups of patients based on the density 
of CD3+ and CD8+ lymphocytes in the tumor center and 

at the invasive margin. The distances on the dendrogram 
reflect the degree of similarity in the immune profile 
among the patients.

The immune-excluded phenotype was characterized by 
accumulation of CD3+ and CD8+ lymphocytes predominantly 
at the tumor–stroma interface with limited intratumoral pen-
etration. A significant (p < 0.05) predominance of CD3+ and 
CD8+ T-lymphocyte density at the invasive margin versus 
the tumor center was identified. Such a phenotype was 
characterized by the formation of barriers that impede the 
migration of effector T-cells into the tumor tissue.

The immune-hot phenotype was the smallest cluster, 
characterized by a high density of T-lymphocytes both in 
the tumor center and at the invasive margin. Such a phe-
notype was associated with an active antitumor immune 
response and high cytotoxic activity of T-cells; however, no 
statistically significant differences were found in the density 
of CD3+ and CD8+ T-lymphocyte between the tumor center 
and the invasive margin (p=0.0625). The small proportion 
of this phenotype within the studied cohort indicates that 
tumors with pronounced intratumoral T-cell infiltration are 
relatively rare.

The immune-cold phenotype was a cluster character-
ized by a low-to-moderate density of CD3+ and CD8+ cells in 
both tumor compartments; with a significant invasive-margin 
predominance (p  =  0.00049). These changes reflected 
insufficient immune activation and limited involvement of 
adaptive immunity in controlling tumor growth.

Discussion
Contemporary studies demonstrate that the prognostic sig-
nificance of T-lymphocyte infiltration in CRC is determined 
not only by its quantitative characteristics but primarily by 
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its spatial organization, which dictates the clinical course of 
the disease [6]. Modern scientific publications emphasize 
that the spatial evaluation of immune infiltration and the 
heterogeneity of immune cell distribution between the tumor 
center and its invasive margin hold independent prognostic 
value [14].

Furthermore, the density of CD3+ and CD8+ T-lympho-
cytes is considered a key characteristic of the antitumor 
immune response in CRC; assessing their distribution in 
the tumor center and at the invasive margin provides higher 
prognostic value than simple confirmation of their presence, 
owing to pronounced intratumoral heterogeneity and the 
varying functional roles of immune cells in different tumor 
zones, as pointed out by several authors [15,16]. Recent 
studies have established that the total count of CD3+ cells 
correlated with the “ stage and the presence of perineural 
invasion, and a link has also been found between a higher 
N stage and low counts of CD3+ cells [17].

The immunohistochemical results obtained in our study 
demonstrate that the immune microenvironment of CRC 
with regional lymph node metastases is characterized by 
moderate and heterogeneous T-cell infiltration in both the 
tumor center and at the invasive margin. Along with areas 
of relatively low T-cell density, zones with more intense 
infiltration are present, a typical morphological feature of the 
invasive margin in CRC. In the tumor center, a slightly lower 
or less organized infiltration was identified, likely related to 
the formation of an immunosuppressive microenvironment, 
hypoxia, and impaired access of effector cells to tumor 
complexes [18].

Analysis of T-lymphocyte subpopulations revealed that 
the density of CD8+ cytotoxic T-lymphocytes was significant-
ly lower compared with CD3+ cells, forming a characteristic 
imbalance: while total T-cell infiltration (CD3+) is sufficient, a 
relative deficit of effector CD8+ cells is present. This pattern 
may indicate predominance of non-cytotoxic subpopulations 
(CD4+ T-helper cells, regulatory T-cells) or reflect functional 
exhaustion of CD8+ lymphocytes. Morphologically, this 
manifests as the absence of dense, continuous accumu-
lation of effector cells at the tumor – stroma interface. The 
identified changes allow us to characterize the immune 
phenotype of the studied tumors as functionally restricted, 
where infiltration coexists with the functional impairment of 
T-cells. The literature describes the phenomenon of T-cell 
exhaustion  /  dysfunction, which develops under chronic 
antigenic stimulation and immunosuppressive influence 
of the tumor microenvironment and is accompanied by 
increased expression of inhibitory receptors and reduced 
cytotoxic activity [19].

Cluster analysis confirmed the pronounced heteroge-
neity of the CRC immune microenvironment. The identi-
fication of three phenotypes, immune-hot, immune-cold, 
and immune-excluded, aligns with contemporary data on 
tumor phenotypes characterized by distinct spatial T-cell 
distribution patterns and varying efficacy of the antitumor 
immune response [20].

The immune-excluded phenotype may be associated 
with activation of TGF-β-dependent mechanisms of stromal 
remodeling, increased extracellular matrix density, or other 
immunosuppressive microenvironmental factors. However, 
as noted by several authors, the immune-excluded phe-
notype remains the most poorly defined among the three, 

lacks a universally accepted definition, and is frequently 
associated with poor clinical outcomes [21].

The immune-cold phenotype is characterized by a low 
density of effector T-lymphocytes, which may be associ-
ated with low tumor immunogenicity immunosuppressive 
microenvironment formation, and insufficient recruitment 
or functional exhaustion of CD8+ T-lymphocytes. This 
limits effective antitumor immunity and may promote the 
metastatic progression of CRC [22].

Overall, the predominance of immune-excluded and 
immune-cold phenotypes (combined 81.48 % of cases) indi-
cates that effective T-cell penetration into the tumor center is 
limited in the majority of studied tumors with regional lymph 
node metastasis. Conversely, the 18.52 % of cases pre-
senting as immune-hot tumors suggest an active antitumor 
immune response; according to literature data, such tumors 
are associated with a more favorable prognosis and better 
response to immunotherapy [23]. Meanwhile, it should be 
taken into account that the development of metastases in 
regional lymph nodes is a multifactorial process, therefore 
the spatial organization of the immune microenvironment 
should be considered as one of the independent potential 
prognostic factors in combination with other clinical and 
morphological characteristics of the tumor.

The ratio of immune phenotypes observed in our study 
is broadly consistent with contemporary concepts regarding 
the biological heterogeneity of CRC. Given that tumors with 
a deficient mismatch repair system (MSI-H/dMMR – tumors 
with high microsatellite instability) are typically characterized 
by a pronounced infiltration of CD3+ and CD8+ T-lympho-
cytes and are considered immune-hot, whereas tumors with 
a proficient DNA repair system (MSS/pMMR – microsatellite 
stable tumors with proficient repair) more frequently exhibit 
an immune-cold or -excluded profile, the identified cluster 
structure may, hypothetically, reflect the distribution of these 
molecular subtypes within the studied cohort.

Conclusions
1. In the studied cases of colorectal cancer with me-

tastases to regional lymph nodes, spatial heterogeneity of 
T-cell infiltration was demonstrated. The density of CD3+ 
and CD8+ lymphocytes in all cases at the invasive margin 
was significantly higher than in the tumor center, indicating a 
predominance of antitumor immune activity in the tumor-tis-
sue interface zone.

2. The predominance of CD3+ cells over CD8+ within 
both studied compartments and the CD3+/CD8+ ratio indi-
cate the dominance of a non-cytotoxic T-cell population in 
the microenvironment of colorectal cancer with regional 
lymph node metastases.

3. Cluster analysis based on CD3+ and CD8+ infiltration 
parameters identified three immune phenotypes corre-
sponding to the contemporary immune-hot, immune-cold, 
and immune-excluded classification. 81.48 % of the studied 
colorectal cancers with metastases to regional lymph nodes 
corresponded to the immune-cold and immune-excluded 
phenotypes, while the immune-hot phenotype, which may 
be associated with a more pronounced antitumor immune 
response, was detected in only 18.52 % of cases.

4. The spatial distribution of CD3+ and CD8+ T-lym-
phocytes is a crucial characteristic of the colorectal cancer 
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immune microenvironment. Combined evaluation of these 
parameters in the tumor center and at the invasive margin 
enables identification of distinct immune phenotypes and 
provides a more accurate biological stratification of tumors.

Prospects for future research. Priority directions include 
a correlation analysis of immune cell density and topography 
with clinicopathological parameters (TNM stage, differen-
tiation grade, lymphovascular invasion, MSI/MMR status) 
and long-term treatment outcomes, which will help assess 
the prognostic value of spatial T-cell infiltration.

Ethical approval
The Bioethics Commission of Zaporizhzhia State Medical and 
Pharmaceutical University reviewed the materials presented in the 
article and confirmed that the study complies with applicable ethical 
standards, including the Declaration of Helsinki, the Council of Europe 
Convention on Human Rights and Biomedicine, and other relevant 
legal regulations. Written informed consent was obtained from all 
participants prior to their inclusion in the study. Ethical approval 
is documented by an extract from the minutes of the Bioethics 
Commission meeting (Protocol No. 9, dated June 11, 2026).

AI statement
The authors did not use artificial intelligence tools during the 
preparation of the manuscript.

Funding
The study was conducted without external financial support.

Conflict of interest: the authors declare no conflict of interest.
Конфлікт інтересів: відсутній.

Надійшла до редакції / Received: 19.05.2026
Після доопрацювання / Revised: 14.07.2026
Схвалено до друку / Accepted: 23.07.2026

Information about the authors:
Tertyshnyi S. I., MD, PhD, DSc, Professor, Head of the Department 
of Pathological Anatomy and Forensic Medicine, Zaporizhzhia State 
Medical and Pharmaceutical University, Ukraine.
ORCID ID: 0009-0002-7155-2307
Chucha O. H., MD, Assistant of the Department of Pathological 
Anatomy and Forensic Medicine, Zaporizhzhia State Medical and 
Pharmaceutical University, Ukraine.
ORCID ID: 0009-0003-4239-1329
Zubko M. D., MD, PhD, Associate Professor of the Department of 
Pathological Anatomy and Forensic Medicine, Zaporizhzhia State 
Medical and Pharmaceutical University, Ukraine.
ORCID ID: 0000-0002-3683-4010

Відомості про авторів:
Тертишний С. І., д-р мед. наук, професор, зав. каф. патологічної 
анатомії і судової медицини, Запорізький державний медико-
фармацевтичний університет, Україна.
Чуча О. Г., асистент каф. патологічної анатомії і судової медицини, 
Запорізький державний медико-фармацевтичний університет, 
Україна.
Зубко М. Д., канд. мед. наук, доцент каф. патологічної 
анатомії і судової медицини, Запорізький державний медико-
фармацевтичний університет, Україна.

	 Сергій Тертишний (Serhii Tertyshnyi)
	 tertishniypath@gmail.com

References
1.	 Matsuda T, Fujimoto A, Igarashi Y. Colorectal Cancer: Epidemiology, 

Risk Factors, and Public Health Strategies. Digestion. 2025;106(2):91-
9. doi: 10.1159/000543921

2.	 Liu SC, Zhang H. Early diagnostic strategies for colorectal cancer. 
World J Gastroenterol. 2024;30(33):3818-22. doi: 10.3748/wjg.v30.
i33.3818

3.	 Dziąg-Dudek E, Semeniuk-Wojtaś A, Modzelewska M, Lubas A, Róg L, 
Górnicka B, et al. Disparities in Tumor Microenvironment Between 
Primary and Metastatic Colorectal Cancer: Impact on Immune Infil-
tration and Survival. Cancers (Basel). 2026;18(4):566. doi: 10.3390/
cancers18040566

4.	 Wankhede D, Halama N, Kloor M, Edelmann D, Brenner H, Hoff-
meister M. Prognostic Value of CD8+ T Cells at the Invasive Margin 
Is Comparable to the Immune Score in Nonmetastatic Colorectal 
Cancer: A Prospective Multicentric Cohort Study. Clin Cancer Res. 
2025;31(9):1711-8. doi: 10.1158/1078-0432.CCR-24-3275

5.	 Wagner PL, Xie J, Flaherty DC, Park H, Knotts C, Debelius J, 
et al. Intra-tumoral lymphocyte scoring in colorectal cancer: improv-
ing prognostic utility and correlation with underlying cancer biology. 
Front Gastroenterol (Lausanne). 2024;3:1493949. doi:  10.3389/
fgstr.2024.1493949

6.	 Williams C, Gray R, Hills RK, Shires M, Zhang L, Zhao Z, et al. 
Evaluation of CD3 and CD8 T-Cell Immunohistochemistry for Prog-
nostication and Prediction of Benefit From Adjuvant Chemotherapy in 
Early-Stage Colorectal Cancer Within the QUASAR Trial. J Clin Oncol. 
2024;42(29):3430-42. doi: 10.1200/JCO.23.02030

7.	 Alwers E, Kather JN, Kloor M, Brobeil A, Tagscherer KE, Roth W, et al. 
Validation of the prognostic value of CD3 and CD8 cell densities analo-
gous to the Immunoscore® by stage and location of colorectal cancer: 
an independent patient cohort study. J Pathol Clin Res. 2023;9(2):129-
36. doi: 10.1002/cjp2.304

8.	 Thomas CE, Takashima Y, Buchanan DD, Wesselink E, Qu C, Hsu L, 
et al. Density of T-cell Subsets in Colorectal Cancer in Relation to 
Disease-Specific Survival. Cancer Epidemiol Biomarkers Prev. 
2025;34(7):1122-33. doi: 10.1158/1055-9965.EPI-25-0287

9.	 Domingo E, Kelly C, Hay J, Sansom O, Maka N, Oien K, et al. Prognostic 
and Predictive Value of Immunoscore in Stage III Colorectal Cancer: 
Pooled Analysis of Cases From the SCOT and IDEA-HORG Studies. J 
Clin Oncol. 2024;42(18):2207-18. doi: 10.1200/JCO.23.01648

10.	 Ouyang P, Zhang J, He X, Yang C, Zeng D, Xu D. Infiltration charac-
teristics and regulatory mechanisms of CD8+ T lymphocytes in solid 
tumors: spatial distribution, biological functions, and interactions with 
the immune microenvironment. Front Immunol. 2025;16:1661545. 
doi: 10.3389/fimmu.2025.1661545

11.	 Pagès F, Mlecnik B, Marliot F, Bindea G, Ou FS, Bifulco C, et al. 
International validation of the consensus Immunoscore for the clas-
sification of colon cancer: a prognostic and accuracy study. Lancet. 
2018;391(10135):2128-39. doi: 10.1016/S0140-6736(18)30789-X

12.	 Cortés-Torres EJ, Flores-Betancourt M, González-Ojeda A, Fuent-
es-Orozco C, Cervantes-Guevara G, Cervantes-Pérez E, et al. Asoci-
ación de linfocitos T CD3+/T CD8+ en infiltración linfática y perineural 
en cáncer colorrectal [Association of T CD3+/T CD8+ lymphocytes 
in lymphatic and perineural infiltration in colorectal cancer]. Rev Med 
Inst Mex Seguro Soc. 2025;63(1):e6321. Spanish. doi:  10.5281/
zenodo.14200044

13.	 Karjalainen H, Sirniö P, Tuomisto A, Mäkinen MJ, Väyrynen JP. A prog-
nostic score based on B cell and plasma cell densities compared to T 
cell densities in colorectal cancer. Int J Colorectal Dis. 2023;38(1):47. 
doi: 10.1007/s00384-023-04322-y

14.	 Hsu MS, Leung SY. Implementing Immunoscore in colorectal cancer: 
lessons from cohort studies, limitations and barriers to adoption. J 
Pathol Clin Res. 2026;12(1):e70071. doi: 10.1002/2056-4538.70071

15.	 Wu X, Hou S, Ye Y, Gao Z. The prognostic value of immunoscore in 
the early-onset colorectal cancer. BMC Gastroenterol. 2025;25(1):513. 
doi: 10.1186/s12876-025-04055-y

16.	 Elomaa H, Ahtiainen M, Väyrynen SA, Ogino S, Nowak JA, Friman M, 
et al. Prognostic significance of spatial and density analysis of T 
lymphocytes in colorectal cancer. Br J Cancer. 2022;127(3):514-23. 
doi: 10.1038/s41416-022-01822-6

17.	 Fagarasan G, Gheban BA, Fagarasan V, Crisan D, Telecan T, 
Bintintan VV, et al. B and T Tumor-Infiltrating Lymphocyte Subtypes 
According to Subsite: A Colon Cancer Immunophenotyping Map. 
Biomedicines. 2025;13(12):2856. doi: 10.3390/biomedicines13122856

18.	 Wang Q, Yu M, Zhang S. The characteristics of the tumor immune 
microenvironment in colorectal cancer with different MSI status and 
current therapeutic strategies. Front Immunol. 2025;15:1440830. 
doi: 10.3389/fimmu.2024.1440830

19.	 Wu Y, Wu Y, Gao Z, Yu W, Zhang L, Zhou F. Revitalizing T cells: 
breakthroughs and challenges in overcoming T cell exhaustion. Signal 
Transduct Target Ther. 2026;11(1):2. doi: 10.1038/s41392-025-02327-3

Оригінальні дослідження

https://zmj.zsmu.edu.ua/
https://orcid.org/0009-0002-7155-2307
https://orcid.org/0009-0003-4239-1329
https://orcid.org/0000-0002-3683-4010
mailto:tertishniypath%40gmail.com?subject=
https://doi.org/10.1159/000543921
https://doi.org/10.3748/wjg.v30.i33.3818
https://doi.org/10.3748/wjg.v30.i33.3818
https://doi.org/10.3390/cancers18040566
https://doi.org/10.3390/cancers18040566
https://doi.org/10.1158/1078-0432.CCR-24-3275
https://doi.org/10.3389/fgstr.2024.1493949
https://doi.org/10.3389/fgstr.2024.1493949
https://doi.org/10.1200/JCO.23.02030
https://doi.org/10.1002/cjp2.304
https://doi.org/10.1158/1055-9965.EPI-25-0287
https://doi.org/10.1200/JCO.23.01648
https://doi.org/10.3389/fimmu.2025.1661545
https://doi.org/10.1016/S0140-6736(18)30789-X
https://doi.org/10.5281/zenodo.14200044
https://doi.org/10.5281/zenodo.14200044
https://doi.org/10.1007/s00384-023-04322-y
https://doi.org/10.1002/2056-4538.70071
https://doi.org/10.1186/s12876-025-04055-y
https://doi.org/10.1038/s41416-022-01822-6
https://doi.org/10.3390/biomedicines13122856
https://doi.org/10.3389/fimmu.2024.1440830
https://doi.org/10.1038/s41392-025-02327-3


466 ISSN 2306-4145	 https://zmj.zsmu.edu.ua	 Zaporozhye Medical Journal. Volume 28. No. 5, September – October 2026

20.	 Nearchou IP, Gwyther BM, Georgiakakis E, Gavriel CG, Lillard K, 
Kajiwara Y, et al. Spatial immune profiling of the colorectal tumor mi-
croenvironment predicts good outcome in stage II patients. NPJ Digit 
Med. 2020;3:71. doi: 10.1038/s41746-020-0275-x

21.	 Tuomisto A, Sirniö P, Elomaa H, Karjalainen H, Äijälä VK, Kastinen M, 
et al. Integrating Tumor Intraepithelial CD8+ and Stromal FOXP3+ 
T-Cell Densities as an Enhanced Immune Prognostic Index in Col-
orectal Cancer. Lab Invest. 2025;105(11):104213. doi:  10.1016/j.
labinv.2025.104213

22.	 Clifton GT, Rothenberg M, Ascierto PA, Begley G, Cecchini M, Eder JP, 
et al. Developing a definition of immune exclusion in cancer: results of a 
modified Delphi workshop. J Immunother Cancer. 2023;11(6):e006773. 
doi: 10.1136/jitc-2023-006773

23.	 Talhouni S, Fadhil W, Mongan NP, Field L, Hunter K, Makhsous S, 
et al. Activated tissue resident memory T-cells (CD8+CD103+CD39+) 
uniquely predict survival in left sided “immune-hot” colorectal cancers. 
Front Immunol. 2023;14:1057292. doi: 10.3389/fimmu.2023.1057292

Original research

https://zmj.zsmu.edu.ua/
https://doi.org/10.1038/s41746-020-0275-x
https://doi.org/10.1016/j.labinv.2025.104213
https://doi.org/10.1016/j.labinv.2025.104213
https://doi.org/10.1136/jitc-2023-006773
https://doi.org/10.3389/fimmu.2023.1057292

	Tertyshnyi S. I., Chucha O. H., Zubko M. D. [Morphological features of the spatial distribution of T-lymphocytes in colorectal cancer with metastases to regional lymph nodes]
	Article info
	UDC
	DOI
	Key words

	Відомості про статтю
	УДК
	DOI
	Ключові слова

	Introduction
	Aim
	Materials and methods
	Results
	Discussion
	Conclusions
	Ethical approval
	AI statement
	Funding
	Information about the authors
	Corresponding author
	References
	Figures
	Fig. 1. CD3 expression in the tumor center. IHC. Mag. ×200.
	Fig. 2. High density of CD3 lymphocytic infiltration in desmoplastic stroma around tumor glands. IHC. Mag. ×100.
	Fig. 3. CD8 expression in the tumor center. IHC. Mag. ×400.
	Fig. 4. Density of CD3 T-lymphocytes at the invasive margin of CRC. IHC. Mag. ×100.
	Fig. 5. Low level of CD8 lymphocytic infiltration at the invasive tumor margin. IHC. Mag. ×200.
	Fig. 6. Hierarchical clustering of patients based on the CD3/CD8 profile (Ward’s method, Euclidean distance). Clusters labeled by immune phenotype. The X axis represents individual cases (patients) included in the cluster analysis; the Y axis represents the distance between clusters. The horizontal dashed line corresponds to the dendrogram cut level, at which three immune phenotypes are distinguished: immune-cold, immune-hot, and immune-excluded.





