
1

Vol.:(0123456789)

Scientific Reports |         (2023) 13:2077  | https://doi.org/10.1038/s41598-023-29260-1

www.nature.com/scientificreports

Tumor‑infiltrating T cells as a risk 
factor for lymph node metastasis 
in patients with submucosal 
colorectal cancer
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Takayuki Ogino 1, Hidekazu Takahashi 1, Mamoru Uemura 1, Tsunekazu Mizushima 1,3, 
Yuichiro Doki 1 & Hidetoshi Eguchi 1

Approximately 10% of patients with colorectal cancer with submucosal invasion have lymph node 
metastasis. Pathological risk factors for lymph node metastasis have varying sensitivities and 
specificities. To predict the risk of lymph node metastasis, the identification of new risk factors is 
vital. Tumor-infiltrating T cells have been reported to improve the prognosis of many solid tumors. 
Therefore, the purpose of this study was to examine the relationship between lymph node metastasis 
and tumor-infiltrating T cells in patients with colorectal cancer with submucosal invasion. We 
examined CD8+ tumor-infiltrating T cells level as a risk factor for lymph node metastasis in patients 
with colorectal cancer with submucosal invasion. Using immunohistochemical staining, we identified 
CD8 + T cells in surgically resected specimens from 98 patients with SM-CRC. We showed that low CD8+ 
tumor-infiltrating T cells levels are positively correlated with lymph node metastasis. Furthermore, by 
combining the number of CD8+ tumor-infiltrating T cell and the number of CD103+ tumor-infiltrating T 
cells, the results showed a high positive predictive value for lymph node metastasis in cases with low 
numbers of both types of tumor-infiltrating T cells and a high negative predictive value in cases with 
high numbers of both types of tumor-infiltrating T cells.

Approximately 10% of patients with colorectal cancer with submucosal invasion (SM-CRC) experience lymph 
node metastasis. For such patients, the Japanese Society for Cancer of the Colon and Rectum guidelines recom-
mend surgical resection with lymph node dissection1.

For patients diagnosed with SM colorectal cancer after endoscopic treatment, additional surgical resection 
is performed based on pathological findings. The guidelines recommend additional resection in cases with one 
or more of the following pathologic factors related to lymph node metastasis: depth of submucosal invasion 
greater than 1000 μm, positive lymphovascular invasion, positive endoscopic vertical margin, poorly differenti-
ated adenocarcinoma, signet-ring cell carcinoma, or mucinous carcinoma, and grade 2/3 budding at the site of 
the deepest invasion1. These pathological risk factors for lymph node metastasis have varying sensitivities and 
specificities. For example, a depth of submucosal invasion ≥ 1000 μm has a sensitivity of 94.8% and specificity of 
19.0% for positive lymph node metastasis, while an undifferentiated histological type has a sensitivity of 13.3% 
and specificity of 97.9%2. The combination of these risk factors results in lymph node risks ranging from 7.4 to 
46.9% in patients with SM-CRC​3. Therefore, to predict the risk of lymph node metastasis, various methods, such 
as nomograms, have been utilized4.

The identification of new risk factors for lymph node metastasis in patients with SM-CRC is crucial5,6. In 
recent years, cancer immunity has been one of the most important factors associated with tumor prognosis6, and 
tumor-infiltrating T cells (TILs) have been reported to improve the prognosis of many solid tumors7. T cells can 
be classified as CD8+ or CD4+ T cells8. CD8+ T cells are cytotoxic T cells that contribute significantly to tumor 
prognosis9. Nevertheless, the role of CD8+ TILs in predicting lymph node metastasis in patients with SM-CRC 
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has not been well evaluated. Although TILs in colorectal cancer have prognostic value10, the relationship between 
TILs and lymph node metastasis in patients with SM-CRC has not been reported.

Recently, CD103+ CD8+ T cells have been found to play an important role in cancer immunity, particularly 
in cancers of epithelial origin11.

The ligand for CD103 is the epithelial cell surface molecule E-cadherin, an epithelial-mesenchymal transition 
(EMT) marker12. Loss of E-cadherin in tumors is the hallmark of EMT and has been reported to be associated 
with poor prognosis for patients with colorectal cancer13–15. Therefore, we hypothesized that the number of 
infiltrating CD103+ cells is indirectly related to the EMT of the tumor and examined the relationship between 
the number of CD103+ TILs and lymph node metastasis.

Thus, the purpose of this study was to examine the relationship between lymph node metastasis and TILs in 
patients with SM-CRC.

Results
Patient’s characteristics and immunohistochemical staining of CD8 + TILs.  We identified CD8+ 
T cells in surgically resected specimens from patients with SM-CRC using immunohistochemical staining with 
CD103 and CD8 antibodies. Of the total 180 eligible patients enrolled in this study, 15 patients treated with local 
excision that lacked lymph node dissection data and 67 patients without available tumor tissue were excluded. 
Finally, CD8+ TILs were evaluated in 98 cases (Fig. 1).

The evaluation site of the lymphocytes is shown in Fig. 2a. As shown in the figure, the invasive margin was 
set up, and the deepest part of the invasive margin with a large amount of tumor epithelial tissue was evaluated 
at × 200 magnification. Immunohistochemical staining showed variation among cases in the number of CD8+ 
TILs (Fig. 2b).

Figure 1.   Scheme of the study. A total of 180 patients with surgically treated SM-CRC were enrolled in this 
study; 15 patients treated with local excision that lacked pathological lymph node metastasis data and 67 
patients without available specimen of the tumor area were excluded.
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The characteristics of the 98 patients are presented in Table 1. Only two cases displayed undifferentiated 
histology, and lymph node metastasis was observed in 11 patients (11.2%). The median number of CD8+ TILs 
was 185 in 10 high-power fields (HPFs).

Figure 2.   (a) The number of CD8+ TILs was counted at the invasive margin. The dotted line indicates the 
invasive margin. (b) Immunohistochemical staining for CD8 at the invasive margins of resected CRC tissue 
(representative images of a highly invasive tumor and low invasive tumor).

Table 1.   Clinicopathologic factors of all patients. CEA carcinoembryonic antigen, CA19-9 Carbohydrate 
Antigen 19–9, CD cluster of differentiation, TIL tumor-infiltrating lymphocytes, HPS high-power fields.

Factor N = 98

Age, median (years) 66 (35–86)

Sex [male/female] 58/40

Location [colon/rectum] 63/35

Histological type [tub1/tub2/por, muc] 53/43/2

Greatest diameter, median (mm) 20 (3–66)

Depth of invasion, median (μm) 2700 (100–35,000)

Lymphatic invasion [+ /-] 27/71

Vascular invasion [+ /-] 16/82

Budding grade [1/2/3/NA] 71/13/3/11

Preoperative CEA, median (ng/ml) 2 (0–21)

Preoperative CA19-9, median (ng/ml) 9 (0–243)

Number of CD8+ TILs (/10 HPF) 183 (10–1042)
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The number of CD8+ TILs and lymph node metastases.  The number of CD8+ TILs decreased as the 
number of lymph node metastases increased (Fig. 3a), with the exception of one case with three lymph node 
metastases and a high number of CD8+ TILs.

The number of CD8+ TILs was significantly higher in cases without lymph node metastasis (median: 180/10 
HPF, range 10–1042) than in those with lymph node metastasis (median: 42/10 HPF, range 15–394; P = 0.042; 
Fig. 3b).

The relationship between the specificity and sensitivity of the number of CD8+ TILs for the purpose of lymph 
node metastasis is represented by a receiver operating characteristic (ROC) curve (Fig. 4). The area under the 
ROC curve (AUC) was 0.689 for the number of CD8+ TILs.

The number of CD8+ TILs with the cutoff value identified by ROC curve analysis was compared with other 
clinicopathological risk factors for lymph node metastasis in univariate and multivariate analyses. Univariate 
analysis revealed that lymphatic invasion (+), budding grade (3), and CD8+ TILs (low) were risk factors for 
lymph node metastasis. Multivariate analysis confirmed that lymphatic invasion ( +) and the number of CD8+ 
TILs (low) were independent risk factors for lymph node metastasis.

The sensitivity, specificity, PPV, and NPV of each risk factor in the present dataset are shown in Table 2.

The combination of the number of CD8+ and CD103+ TILs and lymph node metastases.  To 
identify a better indicator of lymph node metastasis, we evaluated the presence of CD103, another T cell activa-
tion marker.

Immunohistochemical staining showed that the number of CD103+ TILs varied among cases (Fig. 5a). The 
median number of CD103+ TILs was 116/10 HPFs. Furthermore, the number of CD103+ TILs was correlated 
with the number of CD8+ TILs (r = 0.524, P < 0.001).

The number of CD103+ TILs decreased as the number of lymph node metastases increased (Fig. 5b), except 
for one case with three lymph node metastases and a high number of CD103+ TILs. Moreover, the number of 

Figure 3.   (a) The number of CD8+ TILs and lymph node metastases from SM-CRC. (b) The number of CD8+ 
TILs and presence of lymph node metastasis from SM-CRC (P = 0.042).
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CD103+ TILs tended to be low in patients with lymph node metastasis; however, the difference was not statisti-
cally significant (P = 0.314; Fig. 5c). The AUC for the number of CD103+ TILs was 0.640 (Fig. 6).

The number of CD103+ TILs with the cutoff value identified by ROC curve analysis was compared with other 
clinicopathological risk factors for lymph node metastasis in univariate and multivariate analyses (Table 3). 
Univariate and multivariate analyses confirmed that CD103+ TILs (low) were an independent risk factor for 
lymph node metastasis.

Clinicopathological risk factors for lymph node metastasis and the number of CD8+ TILs, CD103+ TILs, and 
CD8+ CD103+ TILs were compared using sensitivity, specificity, PPV, and NPV.

The NPVs of CD8+ TILs and CD103+ TILs were higher than those of other risk factors, except for lymphatic 
invasion (Table 4). The PPV of CD8+ CD103+ TILs was also higher than that of other risk factors (Table 4).

We added some examinations under different conditions. First, we decided to examine pT1b cases, which are 
considered more likely to have lymph node metastasis. 78 pT1b cases were included, and 10 cases were associated 
with lymph node metastasis. The relationship between CD8+ TILs and CD103+ TILs and lymph node metastasis 
was almost the same as in the 98 cases including pT1a (Figure, Table). Risk factors for lymph node metastasis 

Figure 4.   The receiver operating characteristic (ROC) curve of the relationship between the specificity and the 
sensitivity of the number of CD8+ TILs for lymph node metastasis.

Table 2.   Variables of lymph node metastasis (univariate and multivariate analyses). OR odds ratio, CI 
confidence interval, CEA carcinoembryonic antigen, CA19-9 Carbohydrate Antigen 19–9, CD cluster of 
differentiation, TIL tumor-infiltrating lymphocytes, HPF high-power fields.

Variable

Univariate Multivariate

OR 95% CI P-value OR 95% CI P-value

Age (≧ 65 years) 1.09 0.31–3.85 0.890

Sex (female) 1.23 0.35–4.37 0.740

Location (rectum) 1.03 0.28–3.80 0.962

Histological type (por, muc) – – –

Histological type (tub2, por, muc) 1.48 0.41–5.21 0.544

Greatest diameter (≧ 20 mm) 1.89 0.46–7.79 0.381

Depth of invasion (≧ 1000 μm) 2.15 0.25–18.2 0.483

Lymphatic invasion (+) 41.2 4.93–344 < 0.001 63.2 4.61–866 0.002

Vascular invasion (+) 1.16 0.23–5.95 0.860

Budding grade (2, 3) 1.82 0.42–7.79 0.421

Budding grade (3) 16.7 1.37–203 0.027 20.7 0.07–6523 0.302

Preoperative CEA (≧2 ng/ml) 2.75 0.55–13.8 0.219

Preoperative CA19-9 (≧ 10 ng/ml) 1.54 0.40–5.87 0.529

The number of CD8+ TILs (≦ 42/10 HPF) 10.4 2.64–41.0 < 0.001 16.9 1.46–195 0.024
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were similar to those in the 98 cases, including pT1a. Univariate analysis revealed that lymphatic invasion (+), 
budding grade (3), and CD8+ TILs (low) were risk factors for lymph node metastasis. Multivariate analysis 

Figure 5.   (a) Immunohistochemical staining for CD103 TILs at invasive margins of resected CRC tissue (left: 
high invasion; right: low invasion). (b) The number of CD103+ TILs and presence of lymph node metastasis 
from SM-CRC (P = 0.134). (c) The number of CD103+ TILs and lymph node metastases from SM-CRC.
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confirmed that lymphatic invasion (+) and the number of CD8+ TILs (low) were independent risk factors for 
lymph node metastasis. (Supplementary Fig. 1a-d, Supplementary Table 1a, b).

Second, because of the strong impact of lymphatic invasion on the results, we examined the relationship 
between lymphatic invasion and tumor-infiltrating CD8+ T cells and found no predominant difference in lym-
phatic invasion and the number of CD8+ cells (P = 0.63). We examined whether the number of CD8+ cells is 
a risk factor for lymph node metastasis in cases without lymphatic invasion. Since there was only one case of 
lymph node metastasis in patients without lymphatic invasion, we did not find a statistically significant differ-
ence, but the results showed that CD8+ TILs are possibly a risk factor even in patients without lymphatic invasion 
(P = 0.08). (Supplementary Fig. 2 a, b).

Figure 6.   The receiver operating characteristic (ROC) curve of the relationship between the specificity and the 
sensitivity of the number of CD103+ TILs for lymph node metastasis.

Table 3.   Factors evaluated for lymph node metastasis (univariate and multivariate analyses). OR odds ratio, 
CI confidence interval, CEA carcinoembryonic antigen, CA19-9 Carbohydrate Antigen 19–9, CD cluster of 
differentiation, TIL tumor-infiltrating lymphocytes, HPS high-power fields.

Lymph node metastasis Univariate Multivariate

Variables OR 95% CI P-value OR 95% CI P-value

Age (≧ 65 year-old) 1.09 0.31–3.85 0.890

Sex (Female) 1.23 0.35–4.37 0.740

Location (Rectum) 1.03 0.28–3.80 0.962

Histological type (por, muc) – – –

Histological type (tub2, por, muc) 1.48 0.41–5.21 0.544

Greatest Diameter (≧ 20 mm) 1.89 0.46–7.79 0.381

Depth of invasion (≧ 1000 μm) 2.15 0.25–18.2 0.483

Lymphatic invasion (+) 41.2 4.93–344  < 0.001 50.1 4.97–504  < 0.001

Vascular invasion (+) 1.16 0.23–5.95 0.860

Budding Grade (2, 3) 1.82 0.42–7.79 0.421

Budding Grade (3) 16.7 1.37–203 0.027 11.6 0.05–2494 0.372

Preoperative CEA (≧ 2 ng/ml) 2.75 0.55–13.8 0.219

Preoperative CA19-9 (≧ 10 ng/ml) 1.54 0.40–5.87 0.529

The number of CD8+ TILs (< 46/10HPF) 10.4 2.64–41.0 < 0.001

The number of CD103+ TILs (< 52/10HPF) 5.32 1.44–19.6 0.012 6.58 1.00–43.3 0.049
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Discussion
In this study, we examined CD8+ TILs as a risk factor for lymph node metastasis in patients with SM-CRC. 
Our findings indicate low CD8+ TIL levels, as determined by the cutoff value from ROC curve analysis, to be a 
new, independent risk factor for lymph node metastasis. Furthermore, by combining the numbers of CD8+ and 
CD103+ TILs, we found a high PPV for lymph node metastasis in patients with low levels of both types of TILs 
and a high NPV in patients with high levels of both types of TILs. Thus, we most likely identified an effective 
subset of CD8+ T cells.

The few existing reports on the connection between TILs and lymph node metastasis have focused on breast 
cancer16 and melanoma17. In these reports, low TIL density was associated with lymph node metastasis. In 
breast cancer, CD8+ TILs have been found to have a negative correlation with lymph node metastasis18. Another 
study from 2020 reported a relationship between lymph node metastasis and TILs in early-stage breast cancer16. 
Conversely, TIL density and lymph node metastasis have been reported to have a low correlation in patients 
with esophageal squamous cell carcinoma19. One report has examined the relationship between TILs and lymph 
node metastasis in colorectal cancer; however, it examined CD3+ TILs and reported a low correlation20, likely 
because CD3+ cells include immunosuppressive T cells, such as Tregs21. Tregs are involved in the development 
and progression of cancer by inhibiting anticancer immunity22 and express CD3, CD4, CD25, and Foxp3, but 
not CD8, which is a cytotoxic T-cell marker23. The number of tumor-infiltrating CD8+ T cells is associated with 
tumor prognosis in many solid tumors24. Therefore, we thought that evaluating CD3+ T cells, including Tregs 
and cytotoxic T cells, may obscure the relationship between TILs and colorectal cancer lymph node metastasis, 
and evaluation of CD8 mostly expressed on cytotoxic T cells, alone does not lead to a major loss of direction. The 
results of a single cell analysis of immune cells from colorectal cancer (GSE188381) indicate that CD8 is almost 
expressed on cells expressing CD3. Single cell RNA-seq analysis of tumor infiltrating lymphocytes in colorectal 
cancer. The t-distributed stochastic neighbor embedding (t-SNE) plot showed that CD8A is almost expressed 
on CD3D, CD3E expressing cells (Supplementary Fig. 3). We hypothesized that evaluating only cytotoxic T cells 
would better clarify the relationship between lymph node metastasis and TILs. In this study, we did not examine 
pan-T cell markers such as CD3 and CD4 but only evaluated markers of cytotoxic T cells such as CD8 and CD103. 
We focused on CD8 cytotoxic T cells and found a relationship between CD8+ TILs and lymph node metastasis.

This study did not examine how CD8+ TILs or CD103+ TILs suppress lymph node metastasis, and this is one 
of the limitations of the present study.

Because tumors are heterogeneous, the site of assessment of the number of tumor-infiltrating T cells is 
important25. For example, previous reports have shown that the number of TILs in the tumor infiltrate is a more 
sensitive indicator of tumor metastasis than that in the center of the tumor10. Therefore, in this study, we evalu-
ated the TIL count at the tumor invasion site.

We further evaluated a subset of cytotoxic T cells that express CD103. CD103+ CD8+ T cells are associated 
with an epithelial-derived carcinoma prognosis11 and CD103 alone contributes to prolonged survival in patients 
with bladder cancer26, ovarian cancer27, non-small cell lung cancer28, and melanoma29. Moreover, CD103 is 
expressed by the recognition of tumor antigens and is a marker of tumor-specific TILs30. However, in this study, 
CD103 alone was not a more accurate risk factor for lymph node metastasis than CD8. Additionally, this study 
featured only two cases of undifferentiated tumors, neither of which had lymph node metastasis. As CD103 was 
expected to predict lymph node metastasis to some extent, we would like to re-evaluate CD103 as a risk factor 
for lymph node metastasis by accumulating more cases.

We have a limitation of this study. The limitation is sample size was small. The present study was single-
centered and included only recent cases from 2014 to 2019, after budding was included as a risk factor for 
lymph node metastasis in cancer with submucosal invasion, according to the guidelines of the Japanese Society 
for Cancer of the Colon and Rectum. We included the 98 cases of SM-CRC at our hospital for whom resected 
pathological specimens were available. Additionally, 11 cases (11.2%) of lymph node metastasis were observed, 
which is consistent with previously established rates of lymph node metastasis in SM-CRC of approximately 

Table 4.   Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of risk 
factors. CD cluster of differentiation, LL numbers of both CD103+ and CD8+ TILs were low, HH numbers of 
both CD8+ and CD103+ TILs were high.

Sensitivity Specificity PPV NPV

Histological type (por, muc) 0 97.7 0 88.5

Histological type (tub2, por, muc) 54.5 55.2 13.3 90.6

Depth of invasion (≧ 1000 μm) 90.9 16.1 12.7 93.3

Lymphatic invasion (+) 90.9 80.5 37 98.6

Vascular invasion (+) 18.2 83.9 12.5 89

Budding grade (2, 3) 27.3 72.4 18.8 88.7

Budding grade (3) 18.2 86.2 66.7 89.3

CD8 54.5 89.7 40 94

CD103 54.5 81.6 27.3 93.4

CD8 and CD103 (LL/HH) 45.5 97.7 71.4 93.4

CD8 and CD103 (Other/HH) 63.6 73.6 23.3 94.1
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10%. However, the small number of cases with lymph node metastasis is a limitation of this study, and future 
studies with more cases are warranted.

In the present study, both the sensitivity and specificity of lymphatic invasion were high. The data set showed 
a strong relationship between lymphatic invasion and lymph node metastasis, as 10 of the 11 cases with lymph 
nodes had lymphatic invasions. In a previous report of 293 cases, the sensitivity was 0.6 (21/37) and the speci-
ficity 0.7 (188/256)4. This indicates that lymphatic invasion is significant in lymph node metastasis, but in the 
current data set, the relationship between lymphatic invasion and lymph node metastasis was particularly strong.

In conclusion, we examined CD8+ TIL levels as a risk factor for lymph node metastasis in patients with SM-
CRC and showed that low CD8+ TIL levels are positively correlated with lymph node metastasis. The number of 
CD8+ TILs using a cutoff value identified by receiver operating characteristic curve analysis was an independent 
risk factor for lymph node metastasis.

Material and methods
This study was approved by the Research Ethics Committee of Osaka University on October 9th, 2018 (approval 
no. 17448). The study was conducted in accordance with the principles of the 1964 Declaration of Helsinki and 
its subsequent amendments, or equivalent ethical standards. Written informed consent was obtained from all 
patients.

Study design and patients.  In this study, we retrospectively evaluated 180 patients with SM-CRC who 
underwent surgical resection between 2014 and 2019 at Osaka University Hospital.

Immunohistochemical staining.  Immunohistochemical staining was performed on formalin-fixed 
paraffin-embedded tissue Sects.  (4.0  mm). After deparaffinization, antigen retrieval was performed using 
10 mmol/L citrate buffer (pH 6), and intrinsic peroxidase activity was blocked using 3% H2O2 for 20 min, fol-
lowed by nonspecific interaction blocking with a background sniper (Biocare Medical, Pacheco, CA, USA) for 
10  min. Tissue sections were stained with anti-CD8 (ab75129, mouse, diluted 1:50) and CD103 (ab129202, 
rabbit, diluted 1:2,000) antibodies using the Vectastain ABC kit (Vector Laboratories, Burlingame, CA, USA). 
The number of CD8+ and CD103+ T cells in 10 HPFs at the tumor-invasive margins was counted using ImageJ 
software version 1.8.0 (NIH, Bethesda, MD, USA; http://​imagej.​nih.​gov/​ij). Specifically, we evaluated the image 
in the field of view with the highest number of CD8+ TILs in the most infiltrated area. We also used the cell count 
function in Image J to import the image and count the number of cells stained with DAB. The three most positive 
cell locations were identified in the 20 × field of view, and each was observed in the higher magnification field of 
view and measured with Image J. We measured the number of cells stained with DAB via Color Threshold with 
settings of Hue(200–250), Saturation(0–255), and Brightness(0–130). We counted the areas pointed out in red 
as shown in Supplementary Fig. 4.

Statistical analysis.  Statistically significant differences between categorical variables were determined 
using the χ2 test and between continuous variables using the Mann–Whitney test.

All statistical analyses were performed using R version 4.0.2 and JMPpro 14.0.0 (SAS Institute, Cary, NC, 
USA). Statistical significance was set at P < 0.05.

Single cell RNA‑seq analysis.  The GSE108989 single-cell RNA seq data were download in Gene Expres-
sion Omnibus (https://​www.​ncbi.​nlm.​nih.​gov/​geo/).

The GSE108989 gene sets were analyzed using the R package Seurat version 3.1.5. The cited gene expression 
matrices from GSE108989 were read into R version 4.0.1 and converted to Seurat objects. To reduce dimensional-
ity, principal component analysis was performed based on highly variable genes after scaling the data with respect 
to unique molecular identifier counts. Principle components were selected for downstream clustering based on 
the heatmap, jackstraw plot, and elbow plot of principal components in order to further reduce dimensionality 
by using the UMAP algorithm.

Data availability
All relevant data were included in this report.

Received: 27 September 2022; Accepted: 1 February 2023

References
	 1.	 Hashiguchi, Y. et al. Japanese Society for Cancer of the Colon and Rectum (JSCCR) guidelines 2019 for the treatment of colorectal 

cancer. Int. J. Clin. Oncol. 25, 1–42. https://​doi.​org/​10.​1007/​s10147-​019-​01485-z (2020).
	 2.	 Beaton, C., Twine, C. P., Williams, G. L. & Radcliffe, A. G. Systematic review and meta-analysis of histopathological factors influ-

encing the risk of lymph node metastasis in early colorectal cancer. Colorectal Dis. 15, 788–797. https://​doi.​org/​10.​1111/​codi.​12129 
(2013).

	 3.	 Ueno, H. et al. Novel risk factors for lymph node metastasis in early invasive colorectal cancer: A multi-institution pathology 
review. J. Gastroenterol. 49, 1314–1323. https://​doi.​org/​10.​1007/​s00535-​013-​0881-3 (2014).

	 4.	 Fujino, S. et al. A nomogram for predicting lymph node metastasis in submucosal colorectal cancer. Int. Surg. 102, 102–108. https://​
doi.​org/​10.​9738/​INTSU​RG-D-​16-​00210.1 (2017).

	 5.	 Jung, C. K. et al. Predictive microRNAs for lymph node metastasis in endoscopically resectable submucosal colorectal cancer. 
Oncotarget 7, 32902–32915. https://​doi.​org/​10.​18632/​oncot​arget.​8766 (2016).

http://imagej.nih.gov/ij
https://www.ncbi.nlm.nih.gov/geo/
https://doi.org/10.1007/s10147-019-01485-z
https://doi.org/10.1111/codi.12129
https://doi.org/10.1007/s00535-013-0881-3
https://doi.org/10.9738/INTSURG-D-16-00210.1
https://doi.org/10.9738/INTSURG-D-16-00210.1
https://doi.org/10.18632/oncotarget.8766


10

Vol:.(1234567890)

Scientific Reports |         (2023) 13:2077  | https://doi.org/10.1038/s41598-023-29260-1

www.nature.com/scientificreports/

	 6.	 Vesely, M. D., Kershaw, M. H., Schreiber, R. D. & Smyth, M. J. Natural innate and adaptive immunity to cancer. Annu Rev Immunol. 
29, 235–271. https://​doi.​org/​10.​1146/​annur​ev-​immun​ol-​031210-​10132​4,Pubmed:​21219​185 (2011).

	 7.	 Hendry, S. et al. Assessing tumor infiltrating lymphocytes in solid tumors: A practical review for pathologists and proposal for a 
standardized method from the International immuno-Oncology Biomarkers Working Group: Part 2: TILs in melanoma, gastro-
intestinal tract carcinomas, non-small cell lung carcinoma and mesothelioma, endometrial and ovarian carcinomas, squamous 
cell carcinoma of the head and neck, genitourinary carcinomas, and primary brain tumors. Adv Anat Pathol. 24, 311–335. https://​
doi.​org/​10.​1097/​PAP.​00000​00000​000161 (2017).

	 8.	 van der Leun, A. M., Thommen, D. S. & Schumacher, T. N. CD8+ T cell states in human cancer: Insights from single-cell analysis. 
Nat. Rev. Cancer. 20, 218–232. https://​doi.​org/​10.​1038/​s41568-​019-​0235-4 (2020).

	 9.	 Barnes, T. A. & Amir, E. HYPE or HOPE: The prognostic value of infiltrating immune cells in cancer. Br. J. Cancer 117, 451–460. 
https://​doi.​org/​10.​1038/​bjc.​2017.​220 (2017).

	10.	 Sheu, B. C. et al. Clinical significance of tumor-infiltrating lymphocytes in neoplastic progression and lymph node metastasis of 
human breast cancer. Breast 17, 604–610. https://​doi.​org/​10.​1016/j.​breast.​2008.​06.​001 (2008).

	11.	 Takada, K. et al. Prediction of lymph node metastasis by tumor-infiltrating lymphocytes in T1 breast cancer. BMC Cancer 20, 598. 
https://​doi.​org/​10.​1186/​s12885-​020-​07101-y (2020).

	12.	 Galon, J. et al. Type, density, and location of immune cells within human colorectal tumors predict clinical outcome. Science 313, 
1960–1964. https://​doi.​org/​10.​1126/​scien​ce.​11291​39 (2006).

	13.	 Amsen, D., van Gisbergen, K. P. J. M., Hombrink, P. & van Lier, R. A. W. Tissue-resident memory T cells at the center of immunity 
to solid tumors. Nat Immunol. 19, 538–546. https://​doi.​org/​10.​1038/​s41590-​018-​0114-2 (2018).

	14.	 Gorfu, G., Rivera-Nieves, J. & Ley, K. Role of β7 integrins in intestinal lymphocyte homing and retention. Curr. Mol. Med. 9, 
836–850. https://​doi.​org/​10.​2174/​15665​24097​89105​525 (2009).

	15.	 Jou, J. & Diehl, A. M. Epithelial-mesenchymal transitions and hepatocarcinogenesis. J. Clin. Invest. 120, 1031–1034. https://​doi.​
org/​10.​1172/​JCI42​615 (2010).

	16.	 Wong, S. H. M., Fang, C. M., Chuah, L. H., Leong, C. O. & Ngai, S. C. E-cadherin: Its dysregulation in carcinogenesis and clinical 
implications. Crit. Rev. Oncol. Hematol. 121, 11–22. https://​doi.​org/​10.​1016/j.​critr​evonc.​2017.​11.​010 (2018).

	17.	 Jie, D. et al. Positive expression of LSD1 and negative expression of E-cadherin correlate with metastasis and poor prognosis of 
colon cancer. Dig. Dis. Sci. 58, 1581–1589. https://​doi.​org/​10.​1007/​s10620-​012-​2552-2 (2013).

	18.	 Taylor, R. C., Patel, A., Panageas, K. S., Busam, K. J. & Brady, M. S. Tumor-infiltrating lymphocytes predict sentinel lymph node 
positivity in patients with cutaneous melanoma. J. Clin. Oncol. 25, 869–875. https://​doi.​org/​10.​1200/​JCO.​2006.​08.​9755 (2007).

	19.	 Min, B. H. et al. Nomogram for prediction of lymph node metastasis in patients with superficial esophageal squamous cell carci-
noma. J. Gastroenterol. Hepatol. 35, 1009–1015. https://​doi.​org/​10.​1111/​jgh.​14915 (2020).

	20.	 Di Caro, G. et al. Occurrence of tertiary lymphoid tissue is associated with T-cell infiltration and predicts better prognosis in 
early-stage colorectal cancers. Clin. Cancer Res. 20, 2147–2158. https://​doi.​org/​10.​1158/​1078-​0432.​CCR-​13-​2590 (2014).

	21.	 Deng, L. et al. Accumulation of foxp3+ T regulatory cells in draining lymph nodes correlates with disease progression and immune 
suppression in colorectal cancer patients. Clin. Cancer Res. 16, 4105–4112. https://​doi.​org/​10.​1158/​1078-​0432.​CCR-​10-​1073 (2010).

	22.	 Sakaguchi, S. Regulatory T cells: Key controllers of immunologic self-tolerance. Cell 101, 455–458. https://​doi.​org/​10.​1016/​s0092-​
8674(00)​80856-9 (2000).

	23.	 Ohue, Y. & Nishikawa, H. Regulatory T (Treg) cells in cancer: Can Treg cells be a new therapeutic target?. Cancer Sci. 110, 
2080–2089. https://​doi.​org/​10.​1111/​cas.​14069 (2019).

	24.	 Fridman, W. H., Pagès, F., Sautès-Fridman, C. & Galon, J. The immune contexture in human tumours: Impact on clinical outcome. 
Nat. Rev. Cancer. 12, 298–306. https://​doi.​org/​10.​1038/​nrc32​45 (2012).

	25.	 Chen, Z. et al. T cell receptor β-chain repertoire analysis reveals intratumour heterogeneity of tumour-infiltrating lymphocytes in 
oesophageal squamous cell carcinoma. J Pathol. 239, 450–458. https://​doi.​org/​10.​1002/​path.​4742 (2016).

	26.	 Wang, B. et al. CD103+ tumor infiltrating lymphocytes predict a favorable prognosis in urothelial cell carcinoma of the bladder. J. 
Urol. 194, 556–562. https://​doi.​org/​10.​1016/j.​juro.​2015.​02.​2941 (2015).

	27.	 Webb, J. R., Milne, K., Watson, P., Deleeuw, R. J. & Nelson, B. H. Tumor-infiltrating lymphocytes expressing the tissue resident 
memory marker CD103 are associated with increased survival in high-grade serous ovarian cancer. Clin. Cancer Res. 20, 434–444. 
https://​doi.​org/​10.​1158/​1078-​0432.​CCR-​13-​1877 (2014).

	28.	 Djenidi, F. et al. CD8+ CD103+ tumor–infiltrating lymphocytes are tumor-specific tissue-resident memory T cells and a prognostic 
factor for survival in lung cancer patients. J. Immunol. 194, 3475–3486. https://​doi.​org/​10.​4049/​jimmu​nol.​14027​11 (2015).

	29.	 Edwards, J. et al. CD103+ tumor-resident CD8+ T cells are associated with improved survival in immunotherapy-naïve melanoma 
patients and expand significantly during anti–pd-1 treatment. Clin. Cancer Res. 24, 3036–3045. https://​doi.​org/​10.​1158/​1078-​0432.​
CCR-​17-​2257 (2018).

	30.	 Ling, K. L. et al. Modulation of CD103 expression on human colon carcinoma-specific CTL. J. Immunol. 178, 2908–2915. https://​
doi.​org/​10.​4049/​jimmu​nol.​178.5.​2908 (2007).

Author contributions
M.K., S.F., N.M., M.U., T.M., Y.D., and H.E. were involved in study design and data interpretation. M.K, S.F., 
N.M., Y.S., T.H., T.O., H.T., M.U., and T.M. were involved in the data collection and analysis. All authors critically 
revised the report, commented on drafts of the manuscript, and approved the final report.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​023-​29260-1.

Correspondence and requests for materials should be addressed to S.F.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1146/annurev-immunol-031210-101324,Pubmed:21219185
https://doi.org/10.1097/PAP.0000000000000161
https://doi.org/10.1097/PAP.0000000000000161
https://doi.org/10.1038/s41568-019-0235-4
https://doi.org/10.1038/bjc.2017.220
https://doi.org/10.1016/j.breast.2008.06.001
https://doi.org/10.1186/s12885-020-07101-y
https://doi.org/10.1126/science.1129139
https://doi.org/10.1038/s41590-018-0114-2
https://doi.org/10.2174/156652409789105525
https://doi.org/10.1172/JCI42615
https://doi.org/10.1172/JCI42615
https://doi.org/10.1016/j.critrevonc.2017.11.010
https://doi.org/10.1007/s10620-012-2552-2
https://doi.org/10.1200/JCO.2006.08.9755
https://doi.org/10.1111/jgh.14915
https://doi.org/10.1158/1078-0432.CCR-13-2590
https://doi.org/10.1158/1078-0432.CCR-10-1073
https://doi.org/10.1016/s0092-8674(00)80856-9
https://doi.org/10.1016/s0092-8674(00)80856-9
https://doi.org/10.1111/cas.14069
https://doi.org/10.1038/nrc3245
https://doi.org/10.1002/path.4742
https://doi.org/10.1016/j.juro.2015.02.2941
https://doi.org/10.1158/1078-0432.CCR-13-1877
https://doi.org/10.4049/jimmunol.1402711
https://doi.org/10.1158/1078-0432.CCR-17-2257
https://doi.org/10.1158/1078-0432.CCR-17-2257
https://doi.org/10.4049/jimmunol.178.5.2908
https://doi.org/10.4049/jimmunol.178.5.2908
https://doi.org/10.1038/s41598-023-29260-1
https://doi.org/10.1038/s41598-023-29260-1
www.nature.com/reprints


11

Vol.:(0123456789)

Scientific Reports |         (2023) 13:2077  | https://doi.org/10.1038/s41598-023-29260-1

www.nature.com/scientificreports/

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© Crown 2023

http://creativecommons.org/licenses/by/4.0/

	Tumor-infiltrating T cells as a risk factor for lymph node metastasis in patients with submucosal colorectal cancer
	Results
	Patient’s characteristics and immunohistochemical staining of CD8 + TILs. 
	The number of CD8+ TILs and lymph node metastases. 
	The combination of the number of CD8+ and CD103+ TILs and lymph node metastases. 

	Discussion
	Material and methods
	Study design and patients. 
	Immunohistochemical staining. 
	Statistical analysis. 
	Single cell RNA-seq analysis. 

	References


