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Abstract: Colorectal cancer (CRC) remains a significant contributor to cancer-related mortality, emphasizing the 
critical need for identifying biomarkers that can improve clinical management and patient outcomes. In this retro-
spective study, we analyzed tumor samples from 25 patients with metastatic CRC, categorized based on long-term 
(> 50 months) or short-term (< 10 months) survival. Employing the PanCancer Immune Profile Panel, encompass-
ing 770 genes, in the discovery dataset, we identified 54 differentially expressed genes (DEGs) within the tumor 
microenvironment of metastatic CRC. Validation of potential biomarkers was performed using two publicly avail-
able RNA-based sequencing datasets (TCGA 1 (n=371) and TCGA 2 (n=566)). Univariate COX regression unveiled 
that three significant biomarkers were associated with overall survival in CRC within the discovery dataset, which 
were SLC11A1 (hazard ratio (HR): 4.09, P=0.012), TNFSF11 (HR: 3.67, P=0.02), and MEF2C (HR: 0.34, P=0.037). 
Kaplan-Meier survival curve analyses confirmed the correlation between SLC11A1 expression and overall survival 
in CRC across the discovery set (P=0.0071) and the two independent datasets (TCGA 1 (P=0.0016) and TCGA 2 
(P=0.025)). Receiver operating characteristic curve analysis demonstrated an area under the curve ranging from 
0.64 to 0.76, with sensitivity of 59% to 87% and specificity of 60% to 73% for predicting CRC overall survival. 
Immunohistochemistry staining further validated the strong expression of SLC11A1 protein in CRC tumor cells, with 
high expression correlating with short-term survival. These findings suggest that SLC11A1 serves as a predictive 
biomarker for overall survival in CRC patients.
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Introduction

Colorectal cancer (CRC) is one of the most 
aggressive malignancies, contributing to app- 
roximately two million new cases and one mil-
lion deaths in 2020 [1]. The incidence of CRC is 
the third-highest cancer worldwide and is the 
second leading cause of cancer-related mortal-
ity [1]. According to data from the American 
Cancer Society, the overall 5-year survival rate 
for CRC at all stages is around 65%; the survival 
rate, however, plummets to about 13% for 
patients in the metastatic phase [2-4]. Despite 
the combination of different cytotoxic chemo-
therapies, targeted therapeutic interventions, 

and radiotherapy for the treatment, the disease 
prognosis and patient outcomes of CRC still 
need improvement [5]. Identifying biomarkers 
for CRC could revolutionize clinical manage-
ment, enhance patient survival, and catalyze 
the development of novel therapeutic strate-
gies [6, 7].

Recent evidence suggests that immune media-
tors in the tumor microenvironment (TME) play 
an essential role in the disease prognosis and 
impact the clinical outcomes of CRC [8-10]. The 
TME comprises a complex milieu encompass-
ing the extracellular matrix and various cellu- 
lar components, including cancer cells, stromal 
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cells, fibroblasts, adipocytes, and tumor-infil-
trating immunocytes, such as tumor-associat-
ed macrophages, dendritic cells, myeloid-
derived suppressor cells, natural killer cells, 
and tumor-infiltrating lymphocytes [11]. Cancer 
cells interact with the immunocytes expres- 
sing various receptors, transporters, cytokines, 
chemokines, and cytotoxic proteins, and all col-
lectively determine the dynamic landscape of 
the cancer-immunity microenvironment [12]. 
Elements within the TME hold significant prom-
ise as therapeutic targets, exerting profound 
impacts on disease prognosis [13-16].

To investigate biomarkers associated with the 
overall survival of CRC, we retrospectively col-
lected RNA samples from (FFPE) tumor tissues 
of 25 patients with metastatic CRC (15 with 
long-term survival for more than 50 months, 
and 10 with short-term survival less than 13 
months) in this study. We analyzed the tran-
scriptome of TME by the PanCancer Immune 
Profile Panel with 770 genes, and the differen-
tially expressed genes (DEGs) by volcano plots, 
pathway analysis, univariate COX regression, 
and Kaplan-Meier overall survival curves. We 
further validated the data by two independent 
datasets (TCGA 1 (n=371) and TCGA 2 (n=566)), 
which were RNA-based sequencing. We esti-
mated the predictive performance of the bio-
marker by receiver operating characteristic 
(ROC) curve analysis. The expression of identi-
fied biomarker was validated by immunohis- 
tochemistry.

Materials and methods

Sample collection for the discovery dataset

To establish the discovery dataset, we retro-
spectively obtained the formalin-fixed para- 
ffin-embedded (FFPE) tumor tissue of 25 
patients with metastatic CRC. The clinical in- 
formation, including demographic information, 
clinical characteristics, histopathological fea-
tures, KRAS mutation status, and response to 
targeted therapies, was collected from the 
medical records. The response to the targeted 
therapy was evaluated by imaging according  
to the Response Evaluation Criteria in Solid 
Tumors (RECIST). This study was reviewed and 
approved by the Ethics Committee of the 
Institutional Review Board of Chang Gung 
Memorial Hospital and complied with the 

Declaration of Helsinki. Each participant pro-
vided written informed consent.

Validation datasets

We used two independent datasets from The 
Cancer Genome Atlas (TCGA) of cBioPortal to 
validate the biomarkers identified from the  
discovery dataset. The first dataset, TCGA 1, 
was obtained from Colorectal Adenocarcinoma 
(TCGA, Firehose Legacy), which consists of RNA 
Seq (V2 RSEM) data of the CRC tumor samples 
of 371 patients (https://www.cbioportal.org/
study/summary?id=coadread_tcga). The sec-
ond dataset, TCGA 2, was obtained from 
PanCancer Atlas, which includes RNA Seq  
(V2 RSEM) data of the CRC tumor samples  
of 566 patients (https://www.cbioportal.org/
study/summary?id=coadread_tcga_pan_can_
atlas_2018) [17].

Gene expression analysis, visualization, and 
pathway analysis

The FFPE sections were macro-dissected from 
the blocks for RNA extraction by the AllPrep 
RNA FFPE Kit (Qiagen, Venlo, Netherlands). The 
samples were quantified using the NanoDrop 
(ND1000, TermoFisher Scientific, Waltham, 
MA, USA), and qualified by a Qubit 3.0 RNA 
Hi-Sensitivity analysis kit (Life Technologies, 
Carlsbad, CA, USA), and the NanoString work- 
flow.

The transcriptome of RNA samples was ana-
lyzed by NanoString nCounter PanCancer Im- 
mune Profile Panel (NanoString Technologies, 
Seattle, WA, USA). The digital barcodes repre-
senting the number of transcripts of the sam- 
ple were counted by NanoString nCounter 
Digital Analyzer (NanoString Technologies). To 
eliminate the variability between samples, we 
normalized the raw data using nSolver Analysis 
software based on the normalization factor by 
the geometric mean of the housekeeping genes 
of samples. Normalized data were log2 (Fold 
Change of expression)-transformed for analy-
ses [18]. The R package and clusterProfiler 
were used to annotate DEGs, and the data was 
examined by Gene Ontology functional enrich-
ment analysis for GO-BP (Gene Ontology bio-
logical pathway) [19, 20]. The difference in DEG 
expression with adjusted P-value < 0.05 was 
considered significant. The potentially involved 
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pathways were examined by cross-referencing 
the pathway score.

Analysis of the association between biomark-
ers and the survival probability

We performed univariate COX regression haz-
ard ratio analyses and multivariate logistic 
regression to examine the association between 
DEGs and the overall survival of CRC. Kaplan-
Meier curve analysis was performed to esti-
mate the distributions of patient survival, and 
the statistical significance of apparent differ-
ences in survival between groups was tested 
using the log-rank test. P value < 0.05 was con-
sidered significant.

Receiver operating characteristic curve and 
area under the curve analyses

We constructed the ROC curve and area under 
the curve (AUC) to evaluate the sensitivity and 
specificity of the DEG for survival prediction. 
The median gene expression level was used as 
the cut-off value. The AUC, P value, and confi-
dence interval were calculated using the 
MedCalc software version 19.2.1.

Immunohistochemistry analysis

The formalin-fixed, paraffin-embedded tissues 
were sectioned at a thickness of 3-5 μm (Leica 
rm2125 RTS, Leica, US). Paraffin section slides 
underwent deparaffinization and rehydration. 
To expose target proteins, antigen retrieval was 
performed using 10 mM sodium citrate (pH 
6.0), which was heated by microwave oven for  
8 to 15 minutes. Following antigen retrieval, 
endogenous peroxidase activity was blocked in 
3% hydrogen peroxide solution for 15 minutes 
at room temperature. The slides were then 
incubated overnight at 4°C with rabbit anti-
human SLC11A1 antibody (Abcam, ab211448, 
USA). After three times of PBS buffer washing, 
the slides were treated with secondary anti- 
bodies (goat anti-rabbit IgG), followed by addi-
tional washing steps and incubation with rabbit 
peroxidase-anti-peroxidase (Jackson Immuno- 
Research, PA, USA). The reactivity was visual-
ized using a DAB (3,3’-diaminobenzidine) sub-
strate chromogen solution. Finally, slides were 
counterstained with hematoxylin, dehydrated, 
and mounted.

Statistical analysis

We performed Fisher’s exact test, Chi-square 
test, unpaired (2-tailed) Student’s t-test, uni-

variate COX regression analysis, and multivari-
ate logistic regression analysis using PASW 
Statistics 18 (SPSS, Chicago, Illinois, USA). The 
data are reported as means, standard error of 
the mean (SEM), standard deviation (SD), rang-
es, or percentages. A value of P ≤ 0.05 was 
considered significant.

Results

Clinical characteristics of enrolled metastatic 
CRC patients

A total of 25 metastatic CRC patients were 
included in the discovery study and categorized 
into two distinct groups: short-term survivors 
(n=10) with an overall survival of less than 13 
months and long-term survivors (n=15) who 
exhibited an overall survival exceeding 50 
months (Table 1). A significant difference was 
noted in age at the time of diagnosis between 
the two groups (P=0.043). Notably, long-term 
survivors displayed a mean age of 53.13 years, 
while short-term survivors had an average age 
of 63.10 years (Table 1). Conversely, sex distri-
bution exhibited no variations.

The overall survival significantly differs between 
the two groups (P < 0.0001). Short-term survi-
vors displayed a median overall survival of 10.5 
months, markedly lower than the median over-
all survival of 59.3 months observed in long-
term survivors (Table 1). Histological data dem-
onstrated differences between the two groups 
(P=0.0005); however, no differences in the fre-
quencies of synchronous versus metachronous 
tumors were observed (Table 1). In addition, a 
significant variation in tumor sidedness was 
noted (P=0.03), with 93.3% of long-term survi-
vors presenting with left-sided tumors, while 
only 50% of short-term survivors exhibited simi-
lar tumor localization (Table 1). No significant 
differences were identified in KRAS mutation 
status, but responses to anti-EGFR and anti-
VEGF targeted therapies were significantly ele-
vated in long-term survivors (P=0.007 and 
P=0.048, respectively) (Table 1). 

Differential expression of genes in the meta-
static CRC tumor microenvironment

We conducted a comprehensive analysis of the 
expression profiles of 770 human immune-
related genes within the TME of metastatic CRC 
patients using the PanCancer Immune Profile 
Panel multiplex gene expression assay by 
Nanostring Technologies. The resulting volcano 
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plot unveiled 54 DEGs exhibit-
ing significant differences in 
their expression levels within 
the TME when comparing the 
two patient groups (Figure  
1). Among these DEGs, eight 
were found to be up-regulat-
ed, while 46 were down-regu-
lated in the TME of long-term 
survivors in comparison to 
their short-term counterparts 
(Table 2).

To gain insights into the bio- 
logical pathways associated 
with the up-regulated DEGs 
within the TME of long-term 
survivors, we performed Gene 
Ontology (GO) enrichment an- 
alysis. This analysis highligh- 
ted that the DEGs, including 

Table 1. Clinicopathological features of the enrolled metastatic CRC patients 

Clinical characteristics Short-term survivors  
(OS < 13 months)

Long-term survivors  
(OS > 50 months) P-value*

Age (year)
    Mean ± SD (range) 63.10 ± 3.3 (48~73) 53.13 ± 3.1 (34~76) 0.043
Sex, n (%)
    Male 6 (60.0%) 7 (46.7%)
    Female 4 (40.0%) 8 (53.3%) 0.52
Overall survival (OS) (month)
    Median (range) 10.5 (4.5~12.7) 59.3 (50~84) < 0.0001
Histology, n (%)
    Well differentiation 2 (20%) 2 (13.3%)
    Moderate differentiation 6 (60%) 13 (86.7%)
    Poor differentiation 2 (20%) 0 (0%) 0.0005
Synchronous/Metachronous, n (%)
    Synchronous 7 (70%) 10 (66.7%)
    Metachronous 3 (30%) 5 (33.3%) 0.86
Tumor sidedness, n (%)
    Left-side 5 (50%) 14 (93.3%)
    Right-side 5 (50%) 1 (6.7%) 0.030
KRAS gene mutations, n (%)
    Mutant 3 (30%) 1 (6.7%)
    Wild-type 7 (70%) 14 (93.3%) 0.27
Response to Targeted therapy, n (%)
    Anti-EGFR
        Responders (PR CR) 0 (0%) 6 (75%)
        Non-responders (SD PD) 7 (100%) 2 (25%) 0.007
    Anti-VEGF
        Responders 0 (0%) 5 (83.3%)
        Non-responders 3 (100%) 1 (16.7%) 0.048
*The differences in age and overall survival between the two groups were compared by two-tailed independent t-tests, and the 
other characteristics were analyzed by two-tailed Fisher’s exact tests.

Figure 1. Identification of 54 differentially expressed genes (DEGs) in TME 
associated with overall survival of metastatic CRC using the discovery data-
set. The volcano plot illustrates DEGs obtained from a comparison of gene 
expression between long-term survivors and short-term survivors. The y-axis 
represents the -log10 of the adjusted P-value, while the x-axis displays the log2 
fold-change in gene expression. Thresholds are indicated by gray lines set at 
adjusted P < 0.05 and |log2 fold-change| > 0.8. Red circles represent DEGs 
with significantly increased expression in short-term survivors, while green 
circles represent DEGs with significantly increased expression in long-term 
survivors.
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NFATC2, MEF2C, IL6ST, HLA-DPA1 and CCL19, 
are up-regulated in the positive regulation of 
lymphocyte proliferation (P=5.67×10-7), con- 
tributing to the long-term survival of metasta- 
tic CRC (Figure 2A). In contrast, the most 
significance within the TME of short-term sur- 
vivors is cytokine mediated signaling pathway 
(P=1.83×10-3), which involves DEGs CLEC5A, 
SLC11A1, IL10, IL17A, and IFNL1 (Figure 2B). 
These findings shed light on the distinct 
molecular signatures characterizing the TME  
in long-term and short-term survivors of me- 
tastatic CRC, offering potential insights into  
the underlying mechanisms influencing patient 
survival.

Association between SLC11A1, TNFSF11, and 
overall survival in metastatic CRC

Univariate COX regression hazard ratio analysis 
identified three DEGs significantly associated 
with the survival of metastatic CRC in the dis-
covery dataset. These DEGs included SLC11A1 
(Solute Carrier Family 11 Member 1) (P=0.012), 
TNFSF11 (P=0.02), and MEF2C (P=0.037) 
(Table 3). Kaplan-Meier survival curve analyses 
further supported the significant associations 
between these three DEGs and the survival  
of metastatic CRC (SLC11A1 (P=0.0071), 
TNFSF11 (P=0.013), and MEF2C (P=0.03)) 
(Figure 3).

Incorporating significant clinical variables (age, 
histology, and tumor sidedness) alongside the 
three DEGs (SLC11A1, TNFSF11, and MEF2C) 
in the univariate COX regression analysis 
revealed that both SLC11A1 (P=0.012) and 
TNFSF11 (P=0.02) retained their significance  
in predicting the overall survival of CRC (Table 
4).

Table 2. Differentially expressed genes 
(DEGs) with significant level changes within 
the tumor microenvironment of metastatic 
CRC in the discovery dataset

No. DEGs* P-value Avg. Log2FC

U1 NFATC2 2.07E-03 0.85
U2 MEF2C 7.38E-03 0.91
U3 HLA-DPA1 1.34E-02 0.98
U4 IL6ST 1.73E-02 0.82
U5 C7 2.30E-02 1.72
U6 CXCR4 2.60E-02 1.07
U7 TPSAB1 3.57E-02 0.83
U8 CCL19 4.55E-02 0.98
D1 CCL7 1.92E-03 -1.39
D2 CLEC5A 4.47E-03 -0.94
D3 IFNL1 7.05E-03 -1.30
D4 IL10 9.18E-03 -1.01
D5 CTAG1B 9.82E-03 -1.11
D6 IL22RA2 1.11E-02 -1.17
D7 PASD1 1.14E-02 -1.16
D8 IL24 1.29E-02 -1.20
D9 KIR3DS1 1.40E-02 -0.93
D10 SERPINB2 1.43E-02 -1.15
D11 IL17A 1.46E-02 -0.89
D12 KIR2DL3 1.58E-02 -1.00
D13 TNFSF11 1.63E-02 -0.85
D14 CSF3 1.66E-02 -1.04
D15 ARG2 1.81E-02 -0.84
D16 SLC11A1 1.87E-02 -0.85
D17 SYT17 2.12E-02 -0.82
D18 S100A12 2.27E-02 -1.26
D19 IL17B 2.37E-02 -0.95
D20 KLRD1 2.53E-02 -0.89
D21 CD244 2.58E-02 -0.90
D22 GATA3 2.94E-02 -1.04
D23 IL19 2.97E-02 -0.92
D24 KIR2DL1 3.20E-02 -0.87
D25 CCL3 3.45E-02 -0.89
D26 GAGE1 3.48E-02 -1.36
D27 FOXJ1 3.52E-02 -0.89
D28 SPACA3 3.52E-02 -1.11
D29 BAGE 3.74E-02 -1.60
D30 CCR3 3.75E-02 -1.14
D31 HAMP 3.84E-02 -0.87
D32 PLA2G1B 3.88E-02 -1.12
D33 CCL26 3.88E-02 -1.01
D34 NCR1 3.90E-02 -0.84
D35 IFNA1 3.98E-02 -1.03
D36 CXCR1 4.07E-02 -0.83
D37 MBL2 4.10E-02 -0.97

D38 IL1A 4.31E-02 -0.92
D39 IL2 4.44E-02 -1.08
D40 DEFB1 4.47E-02 -1.00
D41 IL13 4.53E-02 -0.97
D42 MAGEA1 4.55E-02 -1.04
D43 IL25 4.63E-02 -1.01
D44 CCL25 4.82E-02 -0.97
D45 IL27 4.88E-02 -1.16
D46 C8A 4.98E-02 -1.10
*The DEGs were identified by comparing the fold-change 
(FC) of gene expression in the tumor microenvironment 
between the long-term survivors and short-term survivors 
in the discovery dataset.
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Validation of SLC11A1 as a biomarker for CRC 
overall survival

The association between SLC11A1, TNFSF11, 
and overall CRC survival was further examined 
through the analysis of two TCGA datasets gen-
erated using the RNA-seq platform. Patients 
were sub-grouped into L (i.e., long-term survi-
vors who had overall survival > 50 months) and 
S (i.e., short-term survivors who had overall sur-
vival < 13 months) groups. SLC11A1 substanti-
ated the significant association with CRC sur-
vival, which exhibited a hazard ratio (HR) of 
2.84 (95% CI (1.5-5.2)) (P=0.00047) in the 
TCGA dataset 1-L/S (n=93) and an HR of 1.9 
(95% CI (1.1-3.2)) (P=0.012) in the TCGA da- 
taset 2-L/S (n=113) (Table 5). Conversely, 
TNFSF11 failed to attain significance in predict-
ing CRC survival within the validation datasets.

Kaplan-Meier survival curve analyses consis-
tently affirmed the substantial associations 

between SLC11A1 and CRC survival in the 
TCGA dataset 1-L/S (P=0.00047) and the  
TCGA dataset 2-L/S (P=0.012) (Figure 4). 
Furthermore, SLC11A1 was significantly asso-
ciated with the overall survival of all CRC 
patients in both datasets (P=0.0016 in TCGA 
dataset 1-all (n=371) and P=0.025 in TCGA 
dataset 2-all (n=566)) (Figure 4).

Receiver operating characteristic (ROC) curve 
analysis revealed the predictive performance 
of SLC11A1. In the discovery dataset, SLC11A1 
exhibited an AUC of 0.76, a sensitivity of 87%, 
and a specificity of 60% (Figure 5). Additionally, 
ROC curve analysis within the TCGA dataset 1 
showcased SLC11A1 with an AUC of 0.67, a 
sensitivity of 60%, and a specificity of 73%, 
while in TCGA dataset 2, SLC11A1 demonstrat-
ed an AUC of 0.64, a sensitivity of 59%, and a 
specificity of 66% (Figure 5).

The expression of SLC11A1 in the tumor micro-
environment was confirmed through immuno-
histochemical staining. Specifically, SLC11A1 
protein exhibited distinct expression in colorec-
tal cancer tumors, showing elevated levels in 
cancer cells compared to adjacent normal tis-
sues such as colorectal, lung, or brain tissues 
(Figures 6, 7). SLC11A1 protein was detected 
in the cytoplasm, membrane, and nucleus of 
tumor cells and macrophages within the tis-
sues (Figure 7). The expression pattern of 

Figure 2. Immune pathways associated with long-term survival of metastatic CRC in the discovery dataset. Top 5 
pathways revealed by Gene Ontology (GO) enrichment analysis for (A) 8 up-regulated DEGs, and (B) 46 down-regu-
lated DEGs within the tumor microenvironment of long-term survivors, in comparison to short-term survivors. The 
DEGs involved in the two most significant GO-BP pathways in the tumor microenvironment are illustrated.

Table 3. Univariate Cox regression hazard 
ratio analysis for three DEGs and the overall 
survival of metastatic CRC in the discovery 
dataset
Gene Hazard ratio (95% CI) P value
SLC11A1 4.09 (1.4-12) 0.012
TNFSF11 3.67 (1.2-11) 0.020
MEF2C 0.34 (0.12-0.94) 0.037
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SLC11A1 protein in tumor tissues mirrored the 
findings from transcriptome analysis, with lower 
levels observed in long-term survivors but high-
er levels in short-term survivors (Figure 8).

Discussion

In this study, we comprehensively investigated 
potential biomarkers within the TME of meta-
static CRC patients. Among the various clinical 
characteristics evaluated, age, histology, tumor 
sidedness, and the response to targeted thera-
pies exhibited significant associations with CRC 
survival. Transcriptomic analysis of the TME 
identified 54 genes that displayed significant 
differences in expression between long-term 
and short-term survivors. Particularly notewor-
thy was the up-regulation of the lymphocyte 
proliferation pathway observed within the TME 
of long-term survivors. Conversely, the TME of 
short-term survivors demonstrated a substan-
tial increase in cytokine production, implying its 

potential contribution to reduced survival in 
this patient group. Our univariate COX regres-
sion and Kaplan-Meier survival curve analysis 
uncovered three DEGs (SLC11A1, TNFSF11, 
and MEF2C) with potential associations with 
the overall survival of metastatic CRC. Sub- 
sequently, SLC11A1 was subjected to rigorous 
validation through the analysis of two indepen-
dent TCGA datasets, reaffirming its significance 
in predicting CRC survival. The ROC analysis 
further underscored the robust predictive per-
formance of SLC11A1, with an AUC ranging 
from 0.64 to 0.76, sensitivity between 59% and 
87%, and specificity spanning 60% to 73% for 
predicting CRC survival. The immunohisto-
chemistry analysis validated that SLC11A1 is 
highly expressed in colorectal cancer cells of 
short-term survivors and associated with poor 
prognosis.

SLC11A1 has been reported to encode a late 
endosomal/lysosomal protein with function as 
a divalent cation transporter that regulates iron 
homeostasis in myeloid and macrophages [21]. 
SLC11A1, also known as natural resistance-
associated macrophage protein-1 (NRAMP1), is 
recruited to the phagosomal membrane after 
phagocytosis and regulates the host resistance 
and susceptibility to a range of pathogens [22]. 
In immune cells, SLC11A1 influences the major 
histocompatibility complex class II expression 
and antigen-presenting cell function [23]. It 
was identified as one of the biomarkers and 
therapeutic targets for ulcerative colitis [24]. 
SLC11A1 has been shown to be involved in 

Figure 3. Kaplan-Meier survival analysis for three DEGs in metastatic CRC in the discovery dataset. (A) SLC11A1, (B) 
TNFSF11, and (C) MEF2C demonstrate statistically significant associations with overall survival in metastatic CRC 
within the discovery dataset. The median gene expression level was employed as the cutoff value. Survival prob-
abilities for patients with high and low expression of each respective DEG are depicted by the blue and red curves, 
respectively.

Table 4. Univariate Cox regression hazard 
ratio analysis for the variables and the overall 
survival of metastatic CRC in the discovery 
dataset
Variable Hazard ratio (95% CI) P value
Age 1.03 (0.99-1.1) 0.10
Histology 1.2 (0.32-4.4) 0.79
Tumor sidedness 2.41 (0.83-7) 0.11
SLC11A1 4.09 (1.4-12) 0.012 
TNFSF11 3.67 (1.2-11) 0.02
MEF2C 0.34 (0.12-0.94) 0.22
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innate immunity, infections, inflammation, and 
autoimmune diseases [25, 26].

Recently, SLC11A1 has been linked to the 
response and prognosis of different cancers. 
SLC11A1 was identified as a stratification indi-
cator for immunotherapy or chemotherapy in 
patients with glioma [27]. The polymorphisms 
of the SLC11A1 gene are associated with the 
response to bacillus Calmette-Guerin immuno-
therapy for superficial bladder cancer, and the 
risk of prostate cancer [28, 29]. In addition, up-
regulation of SLC11A1 is associated with poor 
survival in head and neck cancer patients [30]. 
SLC11A1 gene was reported to be associated 

with immune reduction in metastatic melano-
ma patients treated with targeted therapy [31]. 
Moreover, SLC11A1 has been suggested to be 
included in a prognosis signature and used for 
potential therapeutic drug prediction for renal 
clear cell carcinoma [32, 33].

SLC11A1 has been linked to the efficacy of 
immunotherapy in colorectal cancer [34]. Our 
immunohistochemistry findings are consistent 
with the quantitative PCR results reported by 
Ma Y. et al [34]. The high expression of SLC11A1 
observed in CRC tissues, in contrast to low lev-
els in normal colorectal tissue, supports our 
conclusion that elevated SLC11A1 expression 

Table 5. Univariate Cox regression hazard ratio analysis for SLC11A1 and the overall survival of CRC

Gene
Discovery Dataset (n=25) TCGA dataset 1-L/S (n=93) TCGA dataset 2-L/S (n=113)

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value
SLC11A1 4.09 (1.4-12) 0.012 2.84 (1.5-5.2) 0.00047 1.9 (1.1-3.2) 0.012

Figure 4. Kaplan-Meier survival analysis of SLC11A1 and overall survival in CRC in the validation datasets. (A) TCGA 
dataset 1-L/S consisting of 93 patients with defined long/short-term survival duration; (B) TCGA dataset 2-L/S 
comprising 113 patients with defined long/short-term survival duration; (C) TCGA dataset 1-all encompassing 371 
patients; and (D) TCGA dataset 2-all including 566 patients. The median level of gene expression served as the 
cutoff value. Survival probabilities for patients with high and low expression of the DEG are represented by the blue 
and red curves, respectively.
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in the tumor microenvironment correlates with 
poor prognosis and advanced clinicopathologi-
cal stages of CRC [34]. Further research is 
needed to fully understand the specific role of 
SLC11A1 in the tumor cells and microenviron-
ment of CRC.

In conclusion, our study represents a signifi-
cant step in identifying potential prognostic  
biomarkers for CRC survival within the TME. 
Through a meticulous analysis of 770 immune-
related genes in tumor samples, we identified 
SLC11A1, TNFSF11, and MEF2C significantly 
associated with the overall survival of meta-

static CRC. Of these, SLC11A1 emerged as  
the most promising candidate, with its asso- 
ciation with CRC survival validated in two inde-
pendent TCGA datasets. The robust perfor-
mance of SLC11A1 in ROC analysis under-
scores its potential clinical significance. These 
results suggest that SLC11A1 could serve  
as a valuable tool for predicting CRC survival 
and may find application in enhancing the  
clinical management of CRC. Further investiga-
tions into the mechanistic role of SLC11A1 in 
the CRC TME are warranted to elucidate its  
precise contributions and potential therapeutic 
implications. 

Figure 5. Receiver operating characteristic (ROC) analysis of SLC11A1 for overall survival prediction in CRC. A. In 
the discovery dataset, the ROC curve for SLC11A1 yields an area under the curve (AUC) of 0.76, demonstrating a 
sensitivity of 86.6% and a specificity of 60%. B. In TCGA dataset 1, the AUC for SLC11A1 is 0.67, with a sensitivity of 
60% and a specificity of 72.7%. C. In TCGA dataset 2, the AUC for SLC11A1 is 0.64, indicating a sensitivity of 59% 
and a specificity of 66%.

Figure 6. Immunohistochemistry staining of SLC11A1 protein in CRC tumor tissues. Negative controls depict im-
munohistochemical staining procedures conducted without primary antibody incubation. SLC11A1 expression is 
observed in the CRC tissue of all patients, with five representative samples displayed.
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