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Background: Immune checkpoint inhibitors have achieved limited clinical effectiveness in colon cancer. Stem memory T cells 
(TSCMs) and in-situ cytotoxic T cells are dominant contributors to host immunity. Currently, data on the correlation between TSCM 
and T cell abundance and clinicopathological characteristics in colon cancer are largely unavailable.
Methods: In-situ cytotoxic T cells are identified based on the quantification of CD3+ and CD8+ markers using immunohistochemistry 
(IHC) in the core of the tumor and the invasive margin of the tumor. The expression of representative markers of TSCMs, CD27 and 
CD95, was assayed using IHC in colon cancer tissues. Correlations between the levels of each marker and the clinicopathological 
characteristics as well as prognosis were evaluated.
Results: High densities of CD3+ and CD8+ T cells correlated with stage I-II tumors, whereas a lower infiltration of cytotoxic T cells 
correlated with advanced-stage tumors. CD27 and CD95 were both expressed in the membrane of T cells present in the tumor stroma 
and their levels showed a negative correlation with the TNM stage. CD3, CD8, and CD27 were expressed at the same locations 
simultaneously, indicating their coordinated action against cancer. In addition, cytotoxic T cell densities and CD27 and CD95 
expression remained independent prognostic factors for overall survival.
Conclusion: In-situ cytotoxic T cells and TSCMs play important roles in colon cancer development. TSCMs marker CD27 and CD95 
were both indicators of survival in patients with colon cancer. Thus, it is believed that TSCMs represent a desirable population for 
future use in combination immunotherapy.
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Introduction
Colorectal cancer (CRC) is one of the most aggressive cancers in digestive system and incidence and mortality rank third 
and second, respectively.1 As the prognosis of CRC patients is largely heterogeneous, it has come a long way in terms of 
prognosis prediction accuracy for patients. Immune score was considered a better predictor than AJCC/UICC TNM 
classification in colorectal cancer.2 In-situ immune cell infiltration in tumors is associated with a favorable prognostic 
effect. Accordingly, immunotherapies, characterized primarily by the use of programmed cell death 1 (PD-1) signaling 
inhibitors, have made remarkable advances in many solid tumors;3,4 however, limited effect has been reported in CRC.5 

Molecules that exist independent of the PD-1 signaling pathway but play important roles in the immune microenviron-
ment could be present, which could help predict patient prognosis.

Stem memory T cells (TSCMs), a rare population of memory lymphocytes with stem cell-like abilities to self-renew 
and supply additional memory and effector subsets, have recently been identified. TSCMs were first discovered in human 
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peripheral blood in 2011 by Gattnoni and were found to account for approximately 2–4% of CD4+ or CD8+ T cells.6 

Later, these cells were identified in renal and bladder tumors. Patients with high TSCM infiltration exhibited a long 
disease-free survival after operation.7,8 Researchers studying immunotherapy have been interested in TSCMs because of 
these traits as well as new indications of their potential function in immunological reconstitution in immunodeficient 
hosts and their capacity to mediate improved anti-tumor immunity in humanized mice models.9,10 However, their role in 
CRC remains poorly understood.

CD27 and CD95 are important molecular markers of TSCM.11 As a subset of T-cell co-stimulatory TRAF-interacting 
TNFRSF receptors, CD27 activates signaling pathways that, in turn, activate MAP kinases and members of the NF-κB 
family of transcription factors. CD27 increases cellular proliferation and triggers anti-apoptotic proteins by activating 
these pathways.12 A recent study showed that CD27 activation using an agonistic CD27 antibody works in conjunction 
with a blocking antibody that recognizes the ligand of the inhibitory programmed death (PD)-1 receptor13 (PD-L1) to 
restore the functionality of CD8+ T lymphocytes. The death receptor prototype, CD95 (also known as Fas), appears to 
primarily activate non-apoptotic signaling pathways including, NF-κB, MAPK, and PI3K, which are involved in cell 
migration, differentiation, survival, and cytokine production.14 In addition, naive T cell differentiation and activation can 
be altered by the CD95-mediated PI3K/Akt signaling pathway, regardless of whether it is activated in memory CD4+ or 
CD8+ T cells.15 Nevertheless, CD95 stimulates cell proliferation in neural progenitors and cancer stem cells by triggering 
TCF/β-catenin signaling in terminally differentiated neurons, where it induces apoptosis through the creation of a death- 
inducing complex.16 Taking into account the newly discovered function of TCF/β-catenin signaling in the development 
and maintenance of memory T cells,17 in addition to serving as a marker for memory T cells, CD95 may also be crucial 
for the durability and renewal potential of these cells.

In this study, we investigated the correlation between the extent of in-situ immune cell infiltration, considering factors 
such as the density of T cells and CD27+ and CD95+ TSCMs, and the overall survival (OS) of patients with colon cancer. 
To avoid the influence of preoperative radiotherapy and chemotherapy on the immune system, cases of rectal cancer were 
excluded. Early-stage (TNM stage I to III) patients who did not undergo neoadjuvant therapy were included.

Materials and Methods
Patients
The records of 155 patients with colon cancer who underwent primary tumor resection at the Affiliated Wuxi People’s 
Hospital of Nanjing Medical University between 2012 and 2014 were reviewed. These patients represented a continuous, 
unselected cohort of patients. Memory T cell infiltration in primary tumors isolated from patients with stage I–III colon 
cancer was evaluated. Histological diagnosis and staging were established according to TNM classification (stage I, 
n=10; II, n=73; III, n=72), according to standard criteria. Samples were discarded if the patient did not meet the inclusion 
criteria (clinical quality control; for example, if the patient had metastatic cancer, had received neoadjuvant chemother-
apy, had a Tis/Tx tumor, or if their mortality status data were missing), if counting data were missing, if the staining 
intensity was too low, or if the staining intensity was insufficient (biomarker quality control). Table 1 lists the essential 
patient and tumor characteristics. During diagnosis, the median age of patients was 63 years (from 38 to 89 years). The 
majority of patients were diagnosed with Stage II disease, and the right colon was the most typical location for the initial 
tumor. The patients underwent routine follow-up care following surgery. The typical period of follow-up was 66.2 
months (range 0.5–192.2 months). Patients with high-risk Stage II CRC were defined as having either T4 stage II disease 
or biomarkers for venous emboli, lymphatic invasion, or perineural invasion (VELIPI+). Meanwhile, low-risk stage II 
CRC was defined by either T1-3 stage II or VELIPI- biomarkers. An ethics review board provided approval for the legal, 
ethical, and social ramifications of the study. Written consent was provided by each patient, and our study complies with 
the Declaration of Helsinki.

IHC Staining
Formalin-fixed and paraffin-embedded tissue samples from 155 primary colon tumors were available. For the CD3 and 
CD8 assays, expert pathologists selected one tumor block containing the colon tumor and an invasive margin (IM) from 
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each patient. Two paraffinized tissue sections of 4 µm were processed for IHC staining. IHC staining was performed 
using a rabbit Ultraview Universal DAB IHC Detection Kit (Ventana, Tucson, AZ, USA). IHC staining was performed 
using rabbit monoclonal IgG anti-CD3 (Cat. ab135372) or CD8 (Cat. ab237709) antibody (Abcam, UK). For CD27 and 
CD95 detection, conventional tumor blocks from each patient were selected. Rabbit monoclonal IgG anti-CD27 (Cat. 
ab131254) or anti-CD95 (Cat. ab133619) antibodies were also selected from Abcam.

For each case, the number of CD3+ and CD8+ cells in the core of the tumor (CT) and in its IM is determined based on 
the sum of numbers in the high-power fields (100×) selected at random. Two pathologists evaluated the results 
independently. High and low immunoscores were plotted according to the cutoff value of cell numbers defined at the 
median of the cohort (50% of patients with high cell number and 50% of patients with low cell number).18

For CD27 and CD95 expression assessment, typical whole tissue samples, whole tumor samples, and the peritumoral 
region were examined under a light microscope. The abundance of cells expressing the markers and the dye intensity 
were used to grade expression. The marker-expressing cell populations were graded as 0 (5%), 1 (5–25%), 2 (25–50%), 3 
(51–75%), or 4 (>75%), depending on the intensity of the dye color and the number of cells expressing the molecules. 
The two grades were combined, and specimens were graded on a scale of 0 to 2 (negative) and >2 (positive).

Statistical Analysis
SPSS 11.5 was used to analyze the data (SPSS Inc, IL, USA). The χ2 test was used to assess data from a frequency table. 
To ascertain the correlation between two variables, Spearman analysis was performed. For single variant analysis, both 
Kaplan–Meier technique and Log rank test were used. The Cox’s proportional hazards regression model was used to 
conduct a multivariate survival study. Parameters for the Cox regression included sex, age, site of tumor, differentiation 
grade, tumor size, lymph node metastasis, stage of disease, T cell density, CD27 expression, and CD95 expression. The 
multivariate model included explanatory factors that were substantially linked with the OS in the univariate study. 
P values less than 0.05 were considered significant.

Table 1 Patients’ Clinic-Pathological Characteristics

Clinic-Pathological Characteristics Case Proportion

Sex
Female 71 45.81%

Male 84 54.19%

Age, y
>60 64 41.29%

≥60 91 58.71%

Site of primary tumor
Left 60 38.71%

Right 95 61.29%
Tumor differentiation grade

Grade 1 or 2 85 54.84%

Grade 3 70 45.16%
Tumor size (pT)

1 or 2 12 7.74%

3 or 4 143 92.26%
Lymph node metastasis (pN)

N0 83 53.55%

N1-2 72 46.45%
Stage of disease

Stage I–II 83 53.55%

Stage III 72 46.45%
Follow-up data of patients

Alive 96 61.94%

Died 59 38.06%
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Results
Associations Among T Cell Density, CD27 and CD95 Expression, and Clinicopathological 
Factors
Based on the measurement of cytotoxic CD3+ and CD8+ T cell abundance in the CT and IM, local immune infiltrates 
were identified. According to the median of the cohort’s threshold value for cell numbers (ie, 50% of patients had high 
cell numbers and 50% had low cell numbers), high and low immunoscores were provided. CD3 and CD8 were expressed 
primarily in the plasma membrane of T cells (Figure 1). The number of CD3+ cells was 1.5 times that of the number of 
CD8+ cells. Most CD3+ and CD8+ T cells infiltrated at the edge of invasive region, indicating their resistance to tumor 
invasion. Based on the cutoff value of 427, the cohort was divided into two groups: 77 patients received high immuno-
scores and 78 patients received low immunoscores. Furthermore, the immunoscore was inversely correlated with the 
TNM stage (P=0.002); an advanced disease stage was correlated with a lower immunoscore (Table 2).

Naive and memory T-cells, as well as certain immune cells, express CD27, which is of major importance for T cell 
co-stimulation. In our results, CD27 was expressed in the cell membrane of T cells in the stroma of tumors, in lymphoid 
follicles, and in normal intestinal mucosa (Figure 1). Among 155 cases, CD27 expression was observed in 71 (46%) 
patients. The pattern of CD27 expression did not correlate with the following variables: age, sex, pN, differentiation, 
tumor location. Notably, CD27 expression exhibited a significant negative correlation with the TNM stage (P=0.035, 
P=0.004, respectively) (Table 2). Furthermore, CD27+, CD3+, and CD8+ T cells appeared simultaneously in the tumor 
center and IMs, indicating their synchronized resistance to cancer spread (Figure 2).

In addition to serving as a marker for memory T cells, CD95 may also be crucial for the durability and self-renewal of 
these cells. It was expressed in the membrane of T cells present in the tumor stroma and also in tumor cells. Interestingly, 
the fusion of CD95+ T cells and tumor cells was observed, indicating the phagocytosis of tumor cells by T cells 
(Figure 1). We observed CD95 expression in 60 (39%) patients. A negative correlation was observed between CD95 
expression and the TNM stage (P=0.009, Table 2).

Figure 1 Representative IHC staining of CD3, CD8, CD27, and CD95 in the core of the tumor (CT) and in the tumor’s invasive margin (IM) in colon tumor tissue and in 
normal colon tissue (100×).
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Associations Among T Cell Density, CD27 and CD95 Expression, and OS
In view of the close correlation between T cell density, CD27 and CD95 expression, and clinicopathological factors, we 
conducted survival analysis using follow-up data. The survival rate and densities of T cells were found to be significantly 
correlated. Patients with a higher T cell density had a longer survival. The 3-year OS was recorded for 77 (96%) of 80 
patients with a higher T cell density and 40 (53%) of 75 patients with a lower T cell density. The 5-year OS was recorded 
for 71 (89%) patients with a higher T cell density and 36 (48%) patients with a lower T cell density (HR = 0.38, 95% CI: 
0.22–0.63, P < 0.001, Figure 3A).

Table 2 Associations Between Patients’ Characteristics and T Cell Density, CD27 and CD95 Expression

Clinic-Pathological 
Characteristics

T Cell Density P value CD27 P value CD95 P value

High Low − + − +

Sex

Female 33 38 0.655 38 33 0.461 43 28 0.864
Male 44 40 46 38 52 32

Age, y

<60 33 31 0.181 31 33 0.054 39 25 0.203
≥60 44 47 53 38 56 35

Site of tumor

Left 30 30 0.363 35 25 0.411 39 21 0.451
Right 47 48 49 46 56 39

Differentiation grade

Grade 1 or 2 40 45 0.576 45 40 0.730 50 35 0.487
Grade 3 37 33 39 31 45 25

Lymph node metastasis (pN)

N0 47 38 0.285 50 35 0.202 51 34 0.716
N1-2 30 40 34 36 44 26

Stage of disease

Stage I–II 52 31 0.001 36 47 0.004 43 40 0.009
Stage III 25 47 48 24 52 20

Figure 2 Representative IHC staining of CD3, CD8, and CD27 in the same place at the same time, namely in the core of the tumor (CT) and in the tumor’s invasive margin 
(IM) in colon tumor tissue (100×).
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CD27 expression in both the tumor stroma and lymphoid follicle was positively correlated with prognosis. Patients 
with CD27 expression showed longer survival. The 3-year OS was recorded for 60 (98%) of 62 patients with CD27 
expression and 59 (63%) of 93 patients without CD27 expression. The 5-year OS was recorded for 50 (82%) patients 
with CD27 expression and 49 (53%) patients without CD27 expression (HR = 0.38, 95% CI: 0.25–0.69, P < 0.001, 
Figure 3B).

CD95 expression in lymphocytes present in the tumor stroma was positively correlated with prognosis. Patients with 
positive CD95 expression had longer survival. The 3-year OS was recorded for 54 (91%) of 60 patients with CD27 
positive expression and 67 (71%) of 95 patients without CD27 expression. The 5-year OS was recorded for 46 (76%) 
patients with CD27 expression and 60 (63%) patients without CD27 expression (HR = 0.57, 95% CI: 0.34–0.96; 
P=0.035, Figure 3C).

Univariate and Multivariate Analyses of Prognostic Factors for OS
To further assess the prognostic factors of these patients, the Cox regression model was used for univariate and 
multivariate survival analyses. Univariate analysis showed stage of disease, T cell density, CD27 expression, and 
CD95 expression were prognostic factor for OS in these patients (Table 3). Moreover, multivariate Cox regression 
analysis results indicated that, apart from advanced cancer stage (HR = 0.324, P = 0.001), T cell density, CD27 
expression, and CD95 expression were independent prognostic factors for OS (HR = 0.423, P = 0.021; HR = 0.325, 
P = 0.025; HR = 0.451, P = 0.036) in patients with colon tumor. Collectively, the data implied that T cell density 
and CD27 and CD95 expression were valuable prognostic biomarkers in colon cancer.

Figure 3 Kaplan–Meier curves according to T cell density, CD27, and CD95 expression and Log rank test. (A) T cell density, n (low) = 80, n (high) = 75; (B) CD27 
expression, n (low) = 62, n (high) = 93; (C) CD95 expression, n (low) = 56, n (high) = 99.

Table 3 Univariate and Multivariate Cox Regression Analysis of Survival Factors in Colon Cancer

Variables Univariate Analysis Multivariate Analysis

HR 95% CI P value HR 95% CI P value

Age (≥60 vs < 60), y 1.199 0.6825–2.098 0.525

Sex (male vs female) 1.290 0.767–2.169 0.336

Site of tumor (left vs right) 0.750 0.443–1.269 0.283
Differentiation grade (Grade 1 or 2 vs grade 3) 0.897 0.530–1.518 0.687

Lymph node metastasis (0 vs 1 or 2) 0.815 0.512–1.543 0.423

Stage of disease (I–II vs III) 0.227 0.127–0.407 <0.001 0.324 0.215–0.426 0.001
T cell density (high vs low) 0.387 0.223–0.672 0.001 0.423 0.305–0.908 0.021

CD27 expression (Positive vs negative) 0.321 0.317–0.922 0.024 0.325 0.217–0.653 0.025

CD95 expression (Positive vs negative) 0.422 0.227–0.784 0.006 0.451 0.229–0.714 0.036
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Discussion
CRC is the third most prevalent cancer type and a major contributor to cancer-related fatalities in the US. According to 
the latest statistics, the incidence and mortality rate of cancer in China is three times that in the United States.19 CRC 
ranks second among new patients, with lung cancer ranking first. This is closely related to the increasing obesity and 
aging in the population. The 5-year survival rate for metastatic CRC is poor, at approximately 14%, despite significant 
scientific and clinical advancements in early identification and surgery that have resulted in five-year survival rates of 
90% and 71% for localized and regionalized CRCs, respectively.19 Therefore, CRC has a heavy disease burden in China. 
Methods for the accurate prediction of prognosis and improvement of survival are of great importance in research.

Immune score, which has emerged as a useful tool with time, has garnered significant attention in academia, 
especially in Europe, wherein the combined density of CD3+ and CD8+ T cell effectors are scored within the tumor 
and its IM.20 Immunoscore, assayed using IHC, can be used to segregate patients with CRC into subcategories with 
significant differences in time to recurrence, disease-free survival, and OS, independent of the MSI status and TNM 
staging results.21 The reliability and consistency of consensus immunoscores have significant potential in therapeutic 
applications. An investigation of immunoscore assays, led by Galon, involved the analysis of data from 14 expert centers 
in 13 countries across North America, Europe, and Asia.2 Most patients included were from Europe. Patients in China 
were recruited from the First Affiliated Hospital of Xi’an Jiaotong University. The incidence rate of CRC is the highest in 
South and East China and Wuxi is more representative in East China. The heterogeneity of the population prompted us to 
study the prognostic role of the immunoscore in patients from Wuxi People’s Hospital.

As expected, the densities of CD3+ and cytotoxic CD8+ T cells in the tumor and IM were significantly correlated with 
OS. Through Cox multivariate stratified analysis, the immunoscore was found to be independent of other factors, such as 
patient age, gender, T stage, N stage, and existing prognostic factors. The results imply that immunoscore is a simple and 
reliable estimate of the risk of death, even in patients from China. Immunoscore not only predicted the prognosis but also 
indicated the therapeutic effect, which could help avoid unnecessary chemotherapy. An analysis of 481 patients with 
stage III colon cancer who received adjuvant chemotherapy with an mFOLFOX6 regimen for 3 months and 6 months 
was conducted. Compared with adjuvant chemotherapy for 3 months, adjuvant chemotherapy for 6 months was more 
beneficial for patients with medium to high immunoscores, whereas it was not beneficial for patients with low 
immunoscores.22 The results suggested that the immunoscore may predict the efficacy of adjuvant chemotherapy. 
Validating the results of the standardized immunoscore assay will now be crucial for assessing prognostic significance 
and predicting chemotherapy response in clinical trials.

The strong prognostic potential of the immunoscore may be used for predicting immunotherapy efficacy in CRC. 
However, PD-1 inhibitors have not achieved significant efficacy in neoadjuvant, adjuvant, and palliative treatment, 
except in patients with MSI-H. MSS accounts for the majority of patients with CRC; therefore, identifying novel targets 
and potential combination treatment strategies is an urgent need.

Memory T cells are heterogeneous and can be categorized into four subgroups based on their biological character-
istics and antitumor efficacy. These subgroups are central, effector, stem-like, and tissue-resident memory T cells.23 

TSCMs have been demonstrated to exhibit characteristics similar to naive T cells. These cells mediate superior antitumor 
responses and exhibit a strong proliferative capacity, self-renewal potential, and long-term survival during immune 
responses. The cells are also more efficiently reconstituted in immunodeficient hosts.24 These cells, which are specific for 
many viral and self-tumor antigens, were identified in a subpopulation of T cells known as naive T cells, which had the 
following characteristics: CD27+, CD45RO−, CCR7+, CD45RA+, CD62L+, CD28+, and IL-7R+. It has been revealed that 
high TSCM infiltration was associated with good prognosis in advanced NSCLC patients receiving anti-PD-1 
immunotherapy,25 indicating the significant prognostic value of TSCM in human cancer. However, their role in CRC 
remains poorly understood.

CD27 belongs to the TNF receptor family, which is of major importance for T-cell co-stimulation. CD27 is expressed 
on the surface of naïve and memory T cells, and its expression on these cells further increases after T-cell activation. So, 
CD27+ T cells are a driving force for immune responses. Our results show that the expression of CD27 decreased with 
the advancement of the TNM stage, resulting in a shorter survival time. CD27 is considered a potential prognostic 
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biomarker in addition to the immunoscore. CD27 has been investigated as a potential therapeutic target for tumor 
treatment. Research in an insufficiently immunogenic B16 melanoma model demonstrated that the effectiveness of 
mouse CD27-specific rat mAb AT124-1 therapy is attributable to the increased activity of NK cells and CD8+ T-cells 
infiltrating the tumor.26 It has been shown that 1F5 is an effective anti-human CD27 antibody (CDX1127, Varlilumab), 
which is currently investigated in clinical trials; combination with PD-1 or CTLA4 inhibitor, with anti-angiogenic 
therapy, has also potent T-cell co-stimulatory activity.27 Because CD27 activation can limit T-cell tolerance, even in cases 
of malignancies with low immunogenicity, current trials seem promising for combination therapy using CD27 agonists 
and immune checkpoint inhibitors.

CD95 is also a member of the TNFR superfamily. Although CD95 is regarded as a death receptor prototype, this view 
has been contested. CD95 is now known to promote non-apoptotic signaling pathways important in numerous physio-
logical functions, including cell proliferation, survival, differentiation, and migration, similar to tumor necrosis factor 
receptor (TNFR)-1. Human TSCMs are an appealing population to utilize in adoptive transfer-based immunotherapy for 
cancer because they have better persistence and effector functions and are emerging as key participants in the preserva-
tion of long-lived T-cell memory. Methods for the generation of CD45RO−CD45RA+CCR7+CD27+CD95+ cells, resem-
bling naturally occurring human TSCMs, have been studied extensively.28 In this study, CD95 expression was negatively 
correlated with the primary tumor size and tumor stage. In addition, decreased cytoplasm expression of CD95 was 
associated with poor grade in NSCLC,29 implying that CD95+ T cell infiltration has anti-tumor efficacy in not only CRC 
but at least NSCLC. Notably, CD95 is an independent prognostic factor, and its expression is positively correlated with 
OS. This implies that the maintenance of long-lived T-cell memory mediates superior anti-tumor immunity.

However, this study still has many shortcomings. First, a major limitation is that the current cohort is single cohort 
analysis. Thus, multi-center validation is a must before this study can move to clinical use. In addition, the absence of 
sufficient molecular markers for TSCMs and the single study methodology are main limiting factors for this study. In our 
next prospective study, we intend to use fresh tumor tissue and peripheral blood samples to detect the abundance of 
TSCMs using flow cytometry, with the simultaneous application of multiple molecular markers.

Conclusion
To our knowledge, this is the first study to explore the role of TSCMs in the prognosis of colon cancer. In this study, we 
conclude that in-situ cytotoxic T cells and markers for TSCMs are important prognostic indicators in colon cancer, which 
may contribute to accurate prognosis prediction and treatment choice for colon cancer.
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