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ABSTRACT
Background. αB-Crystallin (CRYAB) is differentially expressed in various tumors.
However, the correlation between CRYAB and immune cell infiltration in colorectal
cancer (CRC) remains unclear.
Materials &Methods. Kaplan–Meier survival curves in The Cancer Genome Atlas
(TCGA) were used to evaluate the relationship between CRYAB expression and both
overall survival and progression-free survival. The relationships between CRYAB
expression and infiltrating immune cells and their corresponding gene marker sets
were examined using the TIMER database.
Results. The expression of CRYAB was lower in CRC tumor tissues than in normal
tissues (P < 0.05). High CRYAB gene expression and high levels of CRYAB gene
methylation were correlated with high-grade malignant tumors and more advanced
tumor, nodes and metastasis (TNM) cancer stages. In addition, in colorectal cancer,
there was a positive correlation between CRYAB expression and immune infiltrating
cells including neutrophils, macrophages, CD8 + T cells, and CD4 + T cells, as well
as immune-related genes including CD2, CD3D, and CD3E. Methylation sites such as
cg13084335, cg15545878, cg13210534, and cg15318568 were positively correlated with
low expression of CRYAB.
Conclusion. Because CRYAB likely plays an important role in immune cell infiltration,
it may be a potential tumor-suppressor gene in CRC and a potential novel therapeutic
target and predictive biomarker for colorectal cancer (CRC).

Subjects Bioinformatics, Gastroenterology and Hepatology, Immunology, Oncology, Medical
Genetics
Keywords CRYAB, Colorectal cancer, Immune cells, Methylation, Immune genes

INTRODUCTION
Colorectal cancer (CRC) is one of the three most common cancers in the United States
(Lurje et al., 2008; Lee et al., 2018) (after lung cancer, prostate cancer in men, and breast
cancer in women) (Altun et al., 2013). According to estimates by the International Agency
for Research on Cancer, in 2020, 1.9 million people worldwide were diagnosed (6% of
all cancer diagnoses) and 935,000 people died of CRC (5.8% of all cancer-related deaths)
(Sung et al., 2021). Approximately 28% of CRCs occur in the rectum, with 22% of these
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cases of CRC in the rectum involving the distal colorectal regions and 41% involving
the proximal colorectal regions (Cheng et al., 2011). Up to 50% of CRC patients show
metastatic disease at the time of diagnosis (Calon et al., 2012). Despite advances in screening
and treatment options (Jeon et al., 2018), the 5-year survival rate of patients with metastatic
disease is < 10% (Brenner, Kloor & Pox, 2014; De Stefano & Carlomagno, 2014; Suman et
al., 2016). Biomarkers to help diagnose CRC early have yet to be identified, but personalized
treatment strategies can improve the prognosis of patients with CRC (Yiu & Yiu, 2016).
Increasing evidence supports the idea that malignant tumors depend on tumor cells and the
tumor microenvironment, including extracellular matrix (ECM) molecules, inflammatory
mediators, and immune cells (Hanahan & Coussens, 2012). Tumor-infiltrating immune
cells are valuable for diagnosing cancer and identifying cancer progression and prognosis
(Mlecnik et al., 2018; Kang et al., 2019; Zhou et al., 2019). The immune factors and immune
cells that constitute the tumor immune microenvironment play a significant part in the
progression and occurrence of anti-tumor immunity (Berraondo et al., 2016; Chen et al.,
2017). Investigating the characteristics of tumor immune infiltration has been valuable
for the treatment, evaluation, and diagnosis of many cancers (Peng et al., 2019; Zhang
et al., 2019a; Zhang et al., 2019b Wei et al., 2020), and encouraging advances have been
made in cancer immunotherapy in terms of treatment efficacy and long-term patient
survival (Vonderheide, Domchek & Clark, 2017). Therefore, studying the tumor immune
microenvironment of CRC is critical.
αB-Crystallin (CRYAB) has a C-terminal domain, an N-terminal domain, and a central

domain (Rajagopal et al., 2015). CRYAB may induce epithelial-mesenchymal transition
(EMT) in CRC by activating the ERK signaling pathway, and can be an underlying
cancer biomarker used in the prognosis and diagnosis of CRC (Li et al., 2017a; Li et al.,
2017b). In the nervous system, CRYAB plays a neuroprotective role in neurodegenerative
diseases such as familial amyloidotic polyneuropathy, which is characterized by CRYAB
overexpression (Magalhaes, Santos & Saraiva, 2010). However, no correlation has been
found between CRYAB and immune cell infiltration. Shi et al. (2014) showed that CRYAB
is correlated with poor prognosis in CRC and promotes the invasion and metastasis of
CRC via epithelial-mesenchymal transition (EMT) (Shi et al., 2017) However, the role of
an underlying marker for the prognosis and diagnosis of CRC and the relationship between
CRYAB and immune infiltration in CRC have not been investigated to date. In this study,
various databases such as Gene Expression Omnibus (GEO) and The Cancer Genome Atlas
(TCGA) were used to explore whether CRYAB expression level can be used as an indicator
of poor prognosis and also explore the potential relation of CRYAB expression level and
insufficient immune cell infiltration in CRC.

METHODS
Data source
The Cancer Genome Atlas (TCGA) (https://genome-cancer.ucsc.edu/) provides scholars
and researchers with clinical and pathological information on 33 types of cancer.
Data of colorectal cancer (CRC) patients with RNA-Seq expression and matching
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clinicopathological information was obtained through the TCGA tool cancer browser.
Because the database is publicly available and accessible, approval from the local ethics
committee was not necessary.

GEO database
The GEO database is a comprehensive gene expression library in the National Center for
Biotechnology Information (NCBI) (https://www.ncbi.nlm.nih.gov/geo/) and is one of the
largest collections of gene chips in the world.

Immunochemistry
Fresh colorectal cancer tissues and normal tissues were collected, immediately immersed
in 4% paraformaldehyde overnight, dehydrated by an ethanol series (70%, 80%, 90%, and
100%), clarified in xylene, and paraffin-embedded. They were subjected to a temperature
of 60 ◦C for 2 h, deparaffinized, hydrated with xylene and ethanol, and then the recovered
nuclear antigen was washed with PBS and hydrogen peroxide solution. Additional slices
were randomly selected and incubated with rabbit anti-CRYAB antibody (#15808-1-AP;
Proteintech, Wuhan, China) at 4 ◦C overnight, followed by HRP incubated goat anti-
rabbit mouse universal antibody (1: 3000, K5007, DAKO, Denmark) for 60 min at room
temperature. After the slides were placed in PBS and decolorized, they were developed
with DAB chromogenic solution. In addition, all slides (nuclei) were counterstained with
5 µg/mL Harris at room temperature for 3 min. Finally, the image was captured under a
microscope (Nikon Eclipse E200; Tokyo, Japan).

Statistical analysis of survival
Patients in the experimental group and the validation groups were divided into two
subgroups according to the median expression of the CRYAB gene: a high CRYAB
expression group and a low CRYAB expression group. The effect of CRYAB expression
level on the clinical outcomes of CRC patients was investigated using Kaplan–Meier (KM)
survival curves, and a prognostic classifier was constructed to compare survival differences.
The KM survival curve was implemented using the ‘‘survminer’’ package for analysis and
visualization.

Analysis of CRYAB expression levels in colorectal cancer and normal
colorectal samples
To compare CRYAB expression patterns between tumor and normal tissues, the differential
expression of CRYAB was examined in TCGA datasets using the Tumor Immunity
Estimation Resource (TIMER) 2.0, a comprehensive online resource for the analysis of
immune infiltrates and gene expression in different cancer types (Li et al., 2017a; Li et al.,
2017b; Li et al., 2020). In TIMER2.0, we selected ‘‘Exploration,’’ then ‘‘Gene_De,’’ followed
by entering the gene name ‘‘CRYAB’’ in the text box and clicking ‘‘submit.’’ Oncomine
is a publicly accessible cancer gene chip database and web-based data mining platform
containing 715 data sets and 86,733 samples (Rhodes et al., 2004; Rhodes et al., 2007). We
searched the Oncomine server for human CRC, and chose the differential gene analysis
segment (Normal Analysis vs. Cancer) to retrieve the results.
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TIMER database analysis
The association between the expression of CRYAB and the presence of five infiltrating
immune cells (neutrophils, macrophages, CD4 + T cells, CD8 + T cells) and three
immune-related genes (CD2, DC3D and CD3E) in CRC patients was evaluated using
the TIMER database (http://timer.cistrome.org/).

Meta-analysis
A meta-analysis of data from the TCGA, GEO, and ICGC databases was performed to
evaluate the significance of CRYAB expression in CRC prognosis. Heterogeneity among
the included studies was determined by the I 2-value obtained from the Cochrane Q test
and the P-value obtained from the chi-square test. In cases of heterogeneity (I 2 ≥ 50%
or P < 0.05), the results were summarized using a random-effects model. Otherwise, a
fixed-effect model was used for analysis. The ‘‘meta’’ R package (R version 4.0.0) was used
to perform the meta-analysis.

GO and KEGG enrichment analyses
GO and KEGG enrichment analyses were performed using R 4.0.2 and the R packages
‘‘org. Hs.eg.db,’’ ‘‘ggplot2,’’ ‘‘Cluster Profiler,’’ and ‘‘enrich plot.’’ Only terms with P-value
< 0.05 were considered significantly enriched.

RESULTS
Patient characteristics
The RNA sequencing data of 306 samples from the TCGA database and detailed clinical
prognostic information were included in the analysis. Patients were divided into a low
expression group (n= 153) and a high expression group (n= 153). Age, gender, and
tumor size did not differ significantly between the high and low expression groups
(P = 0.1695, 0.6467, 0.3418), however rates of lymphatic metastasis, metastasis and stage
were significantly different between the high and low expression groups (P = 8.00E−04,
0.0372, 0.0101) (Table 1).

CRYAB expression is higher in normal tissues than in tumor samples
The CRYAB gene is significantly downregulated in CRC (Fig. 1A). TIMER analysis of
CRYAB expression in various cancer types showed that CRYAB expression was significantly
lower in CRC tumor tissues than in normal tissues (Fig. 1B).

An analysis of the mRNA expression levels of CRYAB in TCGA samples showed that
CRYAB expression was lower in tumor samples than in normal tissues (P < 2.22e−16)
(Fig. 1C). This was verified in the GEO database (P = 0.045) (Fig. 1F). A meta-analysis of
the above three datasets was performed to evaluate the correlation between overall survival
(OS) and CRYAB gene expression and to obtain more objective conclusions. Because
there was no statistically significant difference between the three datasets (P = 0.55, I2 =
0%), a fixed effects model was used to evaluate the combined hazard ratio (HR) and 95%
confidence interval (CI). A relatively high expression of the CRYAB gene was significantly
correlated with poor OS (HR= 1.23, 95% CI [1.11–1.35], P < 0.0001; Fig. 1G), indicating
that CRYAB may be a predictor of poor OS.
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Table 1 Correlation between CRYAB expression in tumor and clinicopathological characteristics of
patients with colorectal neoplasms.

Covariates Type Total High Low P value

Age ≤65 145 (47.39%) 79 (51.63%) 66 (43.14%) 0.1695
Age >65 161 (52.61%) 74 (48.37%) 87 (56.86%)
M M0 206 (67.32%) 101 (66.01%) 105 (68.63%) 0.0372
M M1 41 (13.4%) 28 (18.3%) 13 (8.5%)
M unknow 59 (19.28%) 24 (15.69%) 35 (22.88%)
N N0 180 (58.82%) 74 (48.37%) 106 (69.28%) 8.00E−04
N N1 75 (24.51%) 49 (32.03%) 26 (16.99%)
N N2 51 (16.67%) 30 (19.61%) 21 (13.73%)
T T1 7 (2.29%) 3 (1.96%) 4 (2.61%) 0.3418
T T2 46 (15.03%) 18 (11.76%) 28 (18.3%)
T T3 210 (68.63%) 108 (70.59%) 102 (66.67%)
T T4 42 (13.73%) 24 (15.69%) 18 (11.76%)
T unknow 1 (0.33%) – 1 (0.65%)
Gender female 143 (46.73%) 69 (45.1%) 74 (48.37%) 0.6467
Gender male 163 (53.27%) 84 (54.9%) 79 (51.63%)
Stage Stage I 47 (15.36%) 18 (11.76%) 29 (18.95%) 0.0101
Stage Stage II 120 (39.22%) 53 (34.64%) 67 (43.79%)
Stage Stage III 88 (28.76%) 50 (32.68%) 38 (24.84%)
Stage Stage IV 41 (13.4%) 28 (18.3%) 13 (8.5%)
Stage unknow 10 (3.27%) 4 (2.61%) 6 (3.92%)
Expression High 153 (50%) 153 (100%) – 0
Expression Low 153 (50%) – 153 (100%)
Methylation High 153 (50%) 52 (33.99%) 101 (66.01%) 0
Methylation Low 153 (50%) 101 (66.01%) 52 (33.99%)

Notes.
Abbreviations: T, Tumor; N, Node; M, Metastasis.

Higher CRYAB mRNA expression in CRC is associated with shorter
OS
According to the KM chart, CRC cases with higher CRYAB mRNA expression had a
shorter OS (P = 0.027) (Fig. 1D) and progression-free survival (P = 0.027) in the test
cohort (Fig. 1E). The results showed that the expression of CRYAB was lower in colorectal
tumors than in normal colorectal tissues.

Colorectal cancer CRYAB expression analysis
The expression of CRYAB in CRCwas confirmed by immunohistochemistry (Figs. 2A–2F).
The results confirmed that CRYAB expression was lower in CRC tissues than in normal
colorectal tissues. We cut three sets of immunohistochemical slices, measured the positive
rate of CRYAB among them, and drew the corresponding histogram. the positive rate of
CRYAB was higher in tissue adjacent to tumors than in actual cancer tissue (p< 0.0001)
(Fig. 2G)

Deng et al. (2021), PeerJ, DOI 10.7717/peerj.12578 5/20

https://peerj.com
http://dx.doi.org/10.7717/peerj.12578


Figure 1 Differential expression and survival analysis of the CRYAB gene. (A) CRYAB mRNA expres-
sion in different cancers; red and blue represent downregulation and upregulation, respectively. (B) Com-
parative expression of CRYAB mRNA between colorectal tumor tissues and normal tissues; red and blue
represent tumor and normal, respectively (statistical significance calculated by difference analysis, ∗P <

0.05; ∗∗P < 0.01; ∗∗∗P < 0.001). (C) Human CRYAB expression levels in different cancer tissues and cor-
responding normal tissues. (D–F) The Kaplan–Meier survival curves of CRC patients with high and low
CRYAB expression levels. (G) A meta-analysis with two data sets. High expression of CRYAB is signifi-
cantly associated with poor OS. TE: estimated treatment effect; seTE: standard error of treatment estimate.

Full-size DOI: 10.7717/peerj.12578/fig-1
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Figure 2 Representative IHC staining of CRYAB expression in colorectal cancer tissues and normal
colorectal tissues. Representative histopathological sections of (A–C) normal colorectal tissues and (D–F)
colorectal cancer tissues stained with IHC. The colon section was incubated with HRP-labeled goat anti-
pika universal antibody and stained with DAB (brown). Images are shown at 200×magnification (scale
bar, 100 µm). IHC: immunohistochemistry. (G) We cut three sets of immunohistochemical sections, in-
cluding three normal tissues and three cancer tissues, and tested the number of positive cells.

Full-size DOI: 10.7717/peerj.12578/fig-2

Correlation between CRYAB expression and clinical characteristics
We analyzed the association between CRYAB mRNA expression and clinicopathological
parameters in CRC patients and found that CRYAB level was not correlated with gender
(P = 0.63) (Fig. 3B). We also found that CRYAB expression decreased with age (P = 0.026)
(Fig. 3A), and that increased CRYAB expression was associated with distant metastasis
from CRC (Fig. 3C). Low expression of CRYAB was associated with colorectal cancer
progression from N0 to N1 and from N0 to N2 (P < 0.001, 0.01) (Fig. 3D). Low expression
of CRYAB was also associated with CRC tumor size progression from T2 to T3, with an
even stronger association of low CRYAB expression with the progression from T2 to T4
(P = 0.07, 0.02). In terms of lymph node metastasis, the expression level of CRYAB did not
change after N1 (Fig. 3E). High CRYAB expression was associated with tumor progression
from Stage I to III, from Stage I to IV, from Stage II to II, and from Stage II to IV (P < 0.001,
0.001, 0.05, 0.01). The level of CRYAB gene methylation was not associated with age, sex,
TNM stage, or tumor stage (Figs. 3G–3L).
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Figure 3 Relationship between the expression of CRYAB and clinicopathological characteristics of
colorectal cancer patients. (A–F) Box plot showing the relation of CRYAB mRNA to (A) age, (B) gender,
(C) distant metastasis, (D) lymph node metastasis, (E) tumor size, and (F) cancer stage.

Full-size DOI: 10.7717/peerj.12578/fig-3

Correlation analysis between infiltrating immune cells and CRYAB
expression
Tumor infiltrating lymphocytes impact cancer survival (Mou et al., 2021). Therefore,
we analyzed the correlation between CRYAB expression and four infiltrating immune
cells (neutrophils, macrophages, CD8 + T cells, and CD4 + T cells) and three immune-
related genes (CD2, CD3D, and CD3E). The results showed that the expression level of
CRYAB is comparable to neutrophils (r = 0.364, P = 4.6e−10), macrophages (r = 0.515,
P = 4.23e−20), CD4+ T cells (r = 0.321, P = 4.99e−08), CD8 + T cells (r = 0.134,
P = 2.6e−02), CD2 (r = 0.176, P = 1.49e−04), CD3D (r0.176, r = P = 1.12e−02) and
CD3E (r = 0.209, P = 6.45e−06) (2021.5.9) and that infiltration levels were significantly
positively correlated with CRYAB expression with significance defined as P < 0.05 (Fig. 4).
In addition, CRYAB expression was significantly correlated with markers of M2-like
macrophages in pan-carcinoma and CRC, including TGFB1 (Fig. 5A and 5B), MRC1
(Fig. 5C and 5D), and CD163 (Fig. 5E and 5F). These results indicate that in addition to
the immunosuppressive microenvironment of colorectal cancer, high CRYAB expression
was related to macrophage infiltration and polarization.

DNA methylation analysis
The degree of methylation of cg12598198 was the highest, followed from high to low by
cg14276286, cg15227610, cg1158277, cg15204861, cg12947833, cg15318568, cg00514609,
cg07476508, cg10048349, cg13210534, cg15545878, and cg13084335 (Fig. 6A). Among
them, methylation sites such as cg13084335, cg15545878, cg13210534, and cg15318568
were positively correlated with low expression of CRYAB. The sites cg12598198,
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Figure 4 Correlation between CRYAB expression and immune infiltration in CRC. Correlations be-
tween CRYAB expression and different immune cells: (A) neutrophils, (B) macrophages, (C) CD4+T cells,
and (D) CD8+T cells. Correlations between CRYAB expression and different immune-related genes: (E)
CD2, (F) CD2D, and (G) CD2E.

Full-size DOI: 10.7717/peerj.12578/fig-4

cg14276286, cg15227610, cg1158277, cg15204861, cg12947833, cg00514609, cg07476508,
and cg10048349 and other methylation sites were negatively correlated with low expression
of CRYAB (Figs. 6B–6O). The methylation level of CRYAB was lower in CRC than in the
normal control group, indicating that changes in methylation are related to the abnormal
expression of CRYAB. In addition, DNA methylation may be related to the molecular
mechanism underlying the low expression level of CRYAB in tumor tissues and also to the
pathogenesis of CRC.

GO and KEGG enrichment analyses
We performed a GO enrichment analysis and a KEGG pathway analysis. Fig. 3A shows
the top 30 significantly enriched upregulated pathways. The GO pathway analysis
showed that relatively high expression of CRYAB was associated with extracellular
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Figure 5 Correlation between CRYAB expression and genetic markers of M2-like macrophages. (A,
B) Correlation between CRYAB expression and TGFB1 in pan-carcinoma (A) and CRC (B). (C, D) Cor-
relation between CRYAB expression and MRC1 in pan-carcinoma (C) and CRC (D). (E, F) Correlation
between CRYAB expression and CD163 in pan-carcinoma (E) and CRC (F). P < 0.05 indicates statistical
significance.

Full-size DOI: 10.7717/peerj.12578/fig-5
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Figure 6 Relationship between CRYABmethylation and CRYAB gene expression in CRC. (A) Methyla-
tion level of each methylation site. (B–C) Correlation between CRYAB gene methylation site and CRYAB
gene expression.

Full-size DOI: 10.7717/peerj.12578/fig-6
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Figure 7 GO and KEGG enrichment analyses. (A) Gene enrichment in three different GO functions and
(B) KEGG pathways were respectively ranked by p-value and gene enrichment count.

Full-size DOI: 10.7717/peerj.12578/fig-7

structure organization (GO:0043062, P = 2.13E−64), ECM organization (GO:0030198,
P = 1.76E−64), collagen-containing ECM (GO:0062023, P = 3.59E−85), and ECM
structural constituent (GO:0005201, P = 3.86E−70) (Fig. 7A). The KEGG pathway analysis
identified many enriched pathways, including PI3K-Akt signaling pathway, focal adhesion,
human papillomavirus infection, ECM-receptor interaction, and protein digestion and
absorption, and that CRYAB genes were strongly linked to them (Fig. 7B)

DISCUSSION
CRYAB is a principal member of the small molecule heat shock protein family (Annertz
et al., 2014). CRYAB functions primarily as a molecular chaperone, preventing other
proteins from stress injury, including those caused by heat shock, radiation, and oxidative
stress (Moyano et al., 2006). Research shows that CRYAB can promote the occurrence and
development of tumors (Li et al., 2017a; Li et al., 2017b; Shi et al., 2017). M2 macrophages
promote NSCLC metastasis by upregulating CRYAB (Guo et al., 2019). We found that
CRYAB is downregulated in CRC, which is contrary to the results of previous studies
(Shi et al., 2014). The gene expression in different tumors was inconsistent, which may be
related to the specific environment (Dey et al., 2021), because gene expression is affected
by many factors, such as the expression of PDCD1 in different tumors. PDCD1 expression
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is induced by TCR and/or B-cell receptor signaling, but this expression is frequently
enhanced by tumor necrosis factor (TNF) stimulation (Nakae et al., 2006). The underlying
mechanism may involve different patterns of CRYAB phosphorylation in different tumors,
which determine the protein-binding library and biological effects of each tumor (Kuipers
et al., 2017).

We identified CRYAB as a new potential therapeutic target and predictive biomarker
for CRC and found that CRYAB can be used as a prognostic indicator of immune status.
We also found that relatively high expression of CRYAB and the methylation of CRYAB in
tumor tissues are both related to the infiltration of immune cells. The methylation level of
CRYAB was not related to age, gender, TNM stage, or tumor stage in our analyses.

The KEGG pathway analysis and GO functional enrichment analysis showed that
CRYAB was significantly associated with tumorigenesis and tumor development pathways,
including: focal adhesion for cell migration (Paluch, Aspalter & Sixt, 2016), the PI3K-
AKT signaling pathway, ECM organization, human papillomavirus infection leading to
cervical cancer (Schiffman et al., 2016), and ECM-receptor interaction leading tomelanoma
metastasis (Chen et al., 2019). The intestinal ECM is mainly composed of collagen, which is
essential for regulating cell division, differentiation, proliferation, growth, migration, and
apoptosis indicating that it plays a vital part in the development and progression of cancer
(Fischer et al., 2001). Therefore, this indicates that the high expression of CRYAB is involved
in the positive regulation of these signal pathways. CRYAB may play a pathological role in
promoting tumor cell proliferation by driving the up-regulation of these signal transduction
pathways. In addition, CRYAB may inhibit tumor cell migration and invasion through
overexpression in T24 and J82 BC cell lines (Ruan et al., 2020). The high expression of
CRYAB could promote the proliferation, invasion, and metastasis of CRC through EMT
(Zhang et al., 2019a; Zhang et al., 2019b). Its expression level in CRC patients is closely
related to the two core EMT gene products, MMP7 and E-cadherin. Furthermore, three
important signaling pathways (PI3K, p38, and ERK) are involved in CRYAB-induced EMT
(Worthley & Leggett, 2010; Giordano et al., 2015; Li et al., 2017a; Li et al., 2017b). Hence,
although CRYAB can be used as a tumor-suppressor gene in CRC, the expression of
CRYAB in highly malignant cancers is increased. We used the TIMER database to reveal,
for the first time, that the expression of CRYAB in CRC is associated with the infiltration
of a variety of immune cells. Tumor-infiltrating lymphocytes, such as tumor correlated
macrophages and cancer-infiltrating neutrophils, may affect the prognosis and efficacy of
chemotherapy and immunotherapy (Waniczek et al., 2017; Zhang et al., 2018). The level
of tumor infiltration by immune cells is correlated with tumor growth, progression, and
patient outcome (Gajewski, Schreiber & Fu, 2013). A close relationship between immune
infiltration and the occurrence and development of CRC was reported previously (Xiong
et al., 2018), however, there were no studies analyzing the relationship between CRYAB
expression and immune cell infiltration. We evaluated the relationship between CRYAB
expression and the immune infiltration level of CRCusing the TIMERwebsite. CD2, CD3D,
and CD3E genes were positively related to the infiltration of neutrophils, macrophages,
CD8 + T cells, CD4 + T cells, and CD2, CD3D, and CD3E genes. Our findings confirm
that the increased infiltration levels of immune cells are crucial for the progression of CRC,
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and CRYAB expression is a predictor of that increase of immune cell infiltration. These
results indicate the need for further research on the relationship between CRYAB and CRC
immune infiltration.

The present study had several limitations. We only obtained data from TCGA, including
mRNA expression and methylated expression, which may lead to data deviation in this
study. A larger number of tumor specimens and further experimental verification are
needed to evaluate the biological role of CRYAB in CRC. In addition, further experimental
validation is needed to determine the value of CRYAB for predicting the prognosis of CRC
and for use in the formulation of treatment strategies.

CONCLUSION
The present study provides important evidence supporting the importance of CRYAB in
the prognosis of human CRC. We identified CRYAB as a novel biomarker and clarified its
prognostic potential in CRC through the analysis of online public databases. Its biological
function and role in immune infiltration were examined to elucidate the mechanism
underlying its relatively high expression, which is the basis of CRC. Our results indicate
that CRYAB can be used as a potential tumor suppressor gene in CRC. CRYAB may also
be a new potential therapeutic target and predictive biomarker for CRC. Our experimental
data provides insights that can be used for the development of appropriate treatment
strategies and to further research on the topic. In addition, we are committed to studying
cancer cell lines and mouse models of CRC to validate the present findings and develop
effective treatment strategies by targeting the CRYAB gene.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This study was funded by the Department of Finance of Hubei Province and the
Department of Science and Technology of Hubei Province, under a special project of
the Hubei Provincial Central Government for guiding local science and technology
development (Xiaodong Huang, grant no. 2019ZYYD067), and by the Youth Project of
Health Commission of Wuhan (Xiaoli Chen, grant no. WX20Q17). The funders had no
role in study design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Department of Finance of Hubei Province and the Department of Science and Technology
of Hubei Province: 2019ZYYD067.
Youth Project of Health Commission of Wuhan: WX20Q17.

Competing Interests
The authors declare there are no competing interests.

Deng et al. (2021), PeerJ, DOI 10.7717/peerj.12578 14/20

https://peerj.com
http://dx.doi.org/10.7717/peerj.12578


Author Contributions
• Junsheng Deng conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, and approved the final draft.
• Xiaoli Chen conceived and designed the experiments, performed the experiments,
authored or reviewed drafts of the paper, and approved the final draft.
• Ting Zhan, Mengge Chen and Xisheng Yan analyzed the data, prepared figures and/or
tables, and approved the final draft.
• Xiaodong Huang conceived and designed the experiments, authored or reviewed drafts
of the paper, and approved the final draft.

Data Availability
The following information was supplied regarding data availability:

The data is available at UCSC Xena and NCBI GEO https://www.ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc=GSE40967 and GPL570, Oncomine, TIMER2.0.

Figure 1A can be found at Oncomine: https://www.oncomine.org/resource/main.html.
Enter CRYAB in the search box, then select Primary Filters—Differential Analysis—

Cancer vs Normal analysis, in the Dataset Filters—Data Type—mRNA below, in Other
Views, select Gene Summary View, you can get a corresponding picture.

Figures 1B and 4 can be found at TIMER2.0: Available at http://timer.cistrome.org/.
Figure 1C can be found at Xena: http://xena.ucsc.edu/, click ‘‘LaunchXena’’, enter ‘‘DATA

SETS’’, click ‘‘GDC TCGA Colon Cancer (COAD)’’, enter ‘‘HTSeq-FPKM (n= 512) GDC
Hub’’ of ‘‘gene expression RNAseq’’.

Figure 1D can be found at Xena: Available at http://xena.ucsc.edu/, click‘‘Launch Xena’’,
enter ‘‘DATA SETS’’, click ‘‘GDC TCGA Colon Cancer (COAD)’’, enter ’’survival data
(n= 539) GDC Hub’’ of ’’phenotype’’.

Figure 1E can be found at Xena: Available at http://xena.ucsc.edu/, click ’’Launch Xena’’,
enter ’’DATA SETS‘‘, click ’’TCGA Pan-Cancer (PANCAN) (41 datasets)‘‘ , Enter ’’Curated
clinical data (n=12,591) Pan-Cancer Atlas Hub’’ of ’’phenotype’’.

Figures 3 and Fig. S1 can be found at Xena: http://xena.ucsc.edu/, click ’’Launch Xena’’,
enter ’’DATA SETS’’, click ’’GDC TCGA Colon Cancer (COAD)’’, enter ’’Phenotype
(n= 571) GDC Hub’’ of ’’phenotype’’.

Figure 6 can be found at Xena: http://xena.ucsc.edu/, click ‘‘Launch Xena’’, enter ‘‘ATA
SETS’’, click ’’GDC TCGA Colon Cancer (COAD)’’, enter ‘‘Illumina Human Methylation
450 (n= 347) GDC Hub’’ of ’’DNA methylation’’.

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE40967.
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GPL570.
https://ftp.ncbi.nlm.nih.gov/geo/series/GSE40nnn/GSE40967/matrix/.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.12578#supplemental-information.

Deng et al. (2021), PeerJ, DOI 10.7717/peerj.12578 15/20

https://peerj.com
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE40967
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE40967
https://www.oncomine.org/resource/main.html
http://timer.cistrome.org/
http://xena.ucsc.edu/
http://xena.ucsc.edu/
http://xena.ucsc.edu/
http://dx.doi.org/10.7717/peerj.12578#supp-1
http://xena.ucsc.edu/
http://xena.ucsc.edu/
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE40967
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GPL570
https://ftp.ncbi.nlm.nih.gov/geo/series/GSE40nnn/GSE40967/matrix/
http://dx.doi.org/10.7717/peerj.12578#supplemental-information
http://dx.doi.org/10.7717/peerj.12578#supplemental-information
http://dx.doi.org/10.7717/peerj.12578


REFERENCES
Altun A, Temiz TK, Balci E, Polat ZA, TuranM. 2013. Effects of tyrosine kinase inhibitor

E7080 and eNOS inhibitor L-NIO on colorectal cancer alone and in combination.
Chinese Journal of Cancer Research 25(5):572–584.

Annertz K, Enoksson J, Williams R, Jacobsson H, ComanWB,Wennerberg J. 2014.
Alpha B-crystallin - a validated prognostic factor for poor prognosis in squa-
mous cell carcinoma of the oral cavity. Acta Oto-Laryngologica 134(5):543–550
DOI 10.3109/00016489.2013.872293.

Berraondo P, Minute L, Ajona D, Corrales L, Melero I, Pio R. 2016. Innate immune
mediators in cancer: between defense and resistance. Immunological Review
274(1):290–306 DOI 10.1111/imr.12464.

Brenner H, Kloor CP, PoxM. 2014. Colorectal cancer. The Lancet 383(9927):1490–1502.
Calon A, Espinet E, Palomo-Ponce S, Tauriello DV, Iglesias M, Cespedes MV, Sevillano

M, Nadal C, Jung P, Zhang XH, ByromD, Riera A, Rossell D, Mangues R, Mas-
sague J, Sancho E, Batlle E. 2012. Dependency of colorectal cancer on a TGF-beta-
driven program in stromal cells for metastasis initiation. Cancer Cell 22(5):571–584
DOI 10.1016/j.ccr.2012.08.013.

Chen J, Wu F, Shi Y, Yang D, XuM, Lai Y, Liu Y. 2019. Identification of key candidate
genes involved in melanoma metastasis.Molecular Medicine Reports 20(2):903–914.

Chen YP, Zhang Y, Lv JW, Li YQ,Wang YQ, He QM, Yang XJ, Sun Y, Mao YP, Yun
JP, Liu N, Ma J. 2017. Genomic analysis of tumor microenvironment immune
types across 14 solid cancer types: immunotherapeutic implications. Theranostics
7(14):3585–3594 DOI 10.7150/thno.21471.

Cheng L, Eng C, Nieman LZ, Kapadia AS, Du XL. 2011. Trends in colorectal cancer
incidence by anatomic site and disease stage in the United States from 1976 to 2005.
American Journal of Clinical Oncology 34(6):573–580
DOI 10.1097/COC.0b013e3181fe41ed.

De Stefano A, Carlomagno C. 2014. Beyond KRAS: predictive factors of the efficacy of
anti-EGFR monoclonal antibodies in the treatment of metastatic colorectal cancer.
World Journal of Gastroenterology 20(29):9732–9743.

Dey A, Uppal S, Giri J, Misra HS. 2021. Emerging roles of Bromodomain protein 4 in
regulation of stem cell identity. Stem Cells Epub ahead of print 2021 14 September
DOI 10.1002/stem.345410.

Fischer H, Stenling R, Rubio C, Lindblom A. 2001. Colorectal carcinogenesis is
associated with stromal expression of COL11A1 and COL5A2. Carcinogenesis
22(6):875–878 DOI 10.1093/carcin/22.6.875.

Gajewski TF, Schreiber H, Fu YX. 2013. Innate and adaptive immune cells in the tumor
microenvironment. Nature Immunology 14(10):1014–1022 DOI 10.1038/ni.2703.

Giordano G, Febbraro A, Tomaselli E, Sarnicola ML, Parcesepe P, Parente D, Forte
N, Fabozzi A, Remo A, Bonetti A, Manfrin E, Ghasemi S, Ceccarelli M, Cerulo L,
Bazzoni F, PancioneM. 2015. Cancer-related CD15/FUT4 overexpression decreases

Deng et al. (2021), PeerJ, DOI 10.7717/peerj.12578 16/20

https://peerj.com
http://dx.doi.org/10.3109/00016489.2013.872293
http://dx.doi.org/10.1111/imr.12464
http://dx.doi.org/10.1016/j.ccr.2012.08.013
http://dx.doi.org/10.7150/thno.21471
http://dx.doi.org/10.1097/COC.0b013e3181fe41ed
http://dx.doi.org/10.1002/stem.345410
http://dx.doi.org/10.1093/carcin/22.6.875
http://dx.doi.org/10.1038/ni.2703
http://dx.doi.org/10.7717/peerj.12578


benefit to agents targeting EGFR or VEGF acting as a novel RAF-MEK-ERK kinase
downstream regulator in metastatic colorectal cancer. Journal of Experimental &
Clinical Cancer Research 34:108.

Guo Z, Song J, Hao J, Zhao H, Du X, Li E, Kuang Y, Yang F,WangW, Deng J, Wang Q.
2019.M2 macrophages promote NSCLC metastasis by upregulating CRYAB. Cell
Death & Disease 10(6):377 DOI 10.1038/s41419-019-1618-x.

Hanahan D, Coussens LM. 2012. Accessories to the crime: functions of cells recruited to
the tumor microenvironment. Cancer Cell 21(3):309–322
DOI 10.1016/j.ccr.2012.02.022.

Jeon J, DuM, Schoen RE, Hoffmeister M, Newcomb PA, Berndt SI, Caan B, Campbell
PT, Chan AT, Chang-Claude J, Giles GG, Gong J, Harrison TA, Huyghe JR, Jacobs
EJ, Li L, Lin Y, Le Marchand L, Potter JD, Qu C, Bien SA, Zubair N, Macinnis RJ,
Buchanan DD, Hopper JL, Cao Y, Nishihara R, Rennert G, Slattery ML, Thomas
DC,WoodsMO, Prentice RL, Gruber SB, Zheng Y, Brenner H, Hayes RB,White
E, Peters U, Hsu L. 2018. Determining risk of colorectal cancer and starting age of
screening based on lifestyle, environmental, and genetic factors. Gastroenterology
154(8):2152–2164 DOI 10.1053/j.gastro.2018.02.021.

Kang HJ, Oh JH, Chun SM, KimD, Ryu YM, Hwang HS, Kim SY, An J, Cho EJ, Lee H,
Shim JH, Sung CO, Yu E. 2019. Immunogenomic landscape of hepatocellular car-
cinoma with immune cell stroma and EBV-positive tumor-infiltrating lymphocytes.
Journal of Hepatology 71(1):91–103 DOI 10.1016/j.jhep.2019.03.018.

Kuipers HF, Yoon J, van Horssen J, HanMH, Bollyky PL, Palmer TD, Steinman
L. 2017. Phosphorylation of alphaB-crystallin supports reactive astrogliosis in
demyelination. Proceedings of the National Academy of Sciences of the United States
of Ameica 114(9):E1745–E1754 DOI 10.1073/pnas.1621314114.

Lee G, Joung JY, Cho JH, Son CG, Lee N. 2018. Overcoming P-glycoprotein-mediated
multidrug resistance in colorectal cancer: potential reversal agents among herbal
medicines. Evidence-Based Complementary and Alternative Medicine 2018:3412074.

Li T, Fan J, Wang B, Traugh N, Chen Q, Liu JS, Li B, Liu XS. 2017b. TIMER: a web
server for comprehensive analysis of tumor-infiltrating immune cells. Cancer
Research 77(21):e108-e110.

Li T, Fu J, Zeng Z, Cohen D, Li J, Chen Q, Li B, Liu XS. 2020. TIMER2.0 for analysis
of tumor-infiltrating immune cells. Nucleic Acids Research 48(W1):W509–W514
DOI 10.1093/nar/gkaa407.

Li Q,Wang Y, Lai Y, Xu P, Yang Z. 2017a.HspB5 correlates with poor prognosis in
colorectal cancer and prompts epithelial-mesenchymal transition through ERK
signaling. PLOS ONE 12(8):e0182588 DOI 10.1371/journal.pone.0182588.

Lurje G, ZhangW, Schultheis AM, Yang D, Groshen S, Hendifar AE, Husain H,
GordonMA, Nagashima F, Chang HM, Lenz HJ. 2008. Polymorphisms in VEGF
and IL-8 predict tumor recurrence in stage III colon cancer. Annals of Oncology
19(10):1734–1741 DOI 10.1093/annonc/mdn368.

Deng et al. (2021), PeerJ, DOI 10.7717/peerj.12578 17/20

https://peerj.com
http://dx.doi.org/10.1038/s41419-019-1618-x
http://dx.doi.org/10.1016/j.ccr.2012.02.022
http://dx.doi.org/10.1053/j.gastro.2018.02.021
http://dx.doi.org/10.1016/j.jhep.2019.03.018
http://dx.doi.org/10.1073/pnas.1621314114
http://dx.doi.org/10.1093/nar/gkaa407
http://dx.doi.org/10.1371/journal.pone.0182588
http://dx.doi.org/10.1093/annonc/mdn368
http://dx.doi.org/10.7717/peerj.12578


Magalhaes J, Santos SD, Saraiva MJ. 2010. alphaB-crystallin (HspB5) in familial
amyloidotic polyneuropathy. International Journal of Experimental Pathology
91(6):515–521 DOI 10.1111/j.1365-2613.2010.00735.x.

Mlecnik B, Vanden EyndeM, Bindea G, Church SE, Vasaturo A, Fredriksen T,
Lafontaine L, Haicheur N, Marliot F, Debetancourt D, Pairet G, Jouret-Mourin
A, Gigot JF, Hubert C, Danse E, Dragean C, Carrasco J, Humblet Y, Valge-Archer
V, Berger A, Pages F, Machiels JP, Galon J. 2018. Comprehensive intrametastatic
immune quantification and major impact of immunoscore on survival. Journal of the
National Cancer Institute 110(1):97–108 DOI 10.1093/jnci/djx123.

Mou Y,Wu J, Zhang Y, Abdihamid O, Duan C, Li B. 2021. Low expression of
ferritinophagy-related NCOA4 gene in relation to unfavorable outcome and defec-
tive immune cells infiltration in clear cell renal carcinoma. BMC Cancer 21(1):18
DOI 10.1186/s12885-020-07726-z.

Moyano JV, Evans JR, Chen F, LuM,Werner ME, Yehiely F, Diaz LK, Turbin D, Karaca
G,Wiley E, Nielsen TO, Perou CM, Cryns VL. 2006. AlphaB-crystallin is a novel
oncoprotein that predicts poor clinical outcome in breast cancer. Journal of Clinical
Investigation 116(1):261–270.

Nakae S, Suto H, Iikura M, Kakurai M, Sedgwick JD, Tsai M, Galli SJ. 2006.Mast cells
enhance T cell activation: importance of mast cell costimulatory molecules and
secreted TNF. Journal of Immunology 176(4):2238–2248
DOI 10.4049/jimmunol.176.4.2238.

Paluch EK, Aspalter IM, Sixt M. 2016. Focal adhesion-independent cell migration.
Annual Review of Cell and Developmental Biology 32:469–490
DOI 10.1146/annurev-cellbio-111315-125341.

Peng D,Wang L, Li H, Cai C, Tan Y, Xu B, Le H. 2019. An immune infiltration sig-
nature to predict the overall survival of patients with colon cancer. IUBMB Life
71(11):1760–1770 DOI 10.1002/iub.2124.

Rajagopal P, Tse E, Borst AJ, Delbecq SP, Shi L, Southworth DR, Klevit RE. 2015. A
conserved histidine modulates HSPB5 structure to trigger chaperone activity in
response to stress-related acidosis. Elife 4:e07304 DOI 10.7554/eLife.07304.

Rhodes DR, Kalyana-Sundaram S, Mahavisno V, Varambally R, Yu J, Briggs BB,
Barrette TR, Anstet MJ, Kincead-Beal C, Kulkarni P, Varambally S, Ghosh
D, Chinnaiyan AM. 2007. Oncomine 3.0: genes, pathways, and networks in a
collection of 18, 000 cancer gene expression profiles. Neoplasia 9(2):166–180
DOI 10.1593/neo.07112.

Rhodes DR, Yu J, Shanker K, Deshpande N, Varambally R, Ghosh D, Barrette T,
Pandey A, Chinnaiyan AM. 2004. ONCOMINE: a cancer microarray database and
integrated data-mining platform. Neoplasia 6(1):1–6
DOI 10.1016/S1476-5586(04)80047-2.

Ruan H, Li Y,Wang X, Sun B, FangW, Jiang S, Liang C. 2020. CRYAB inhibits migra-
tion and invasion of bladder cancer cells through the PI3K/AKT and ERK pathways.
Japanese Journal of Clinical Oncology 50(3):254–260 DOI 10.1093/jjco/hyz172.

Deng et al. (2021), PeerJ, DOI 10.7717/peerj.12578 18/20

https://peerj.com
http://dx.doi.org/10.1111/j.1365-2613.2010.00735.x
http://dx.doi.org/10.1093/jnci/djx123
http://dx.doi.org/10.1186/s12885-020-07726-z
http://dx.doi.org/10.4049/jimmunol.176.4.2238
http://dx.doi.org/10.1146/annurev-cellbio-111315-125341
http://dx.doi.org/10.1002/iub.2124
http://dx.doi.org/10.7554/eLife.07304
http://dx.doi.org/10.1593/neo.07112
http://dx.doi.org/10.1016/S1476-5586(04)80047-2
http://dx.doi.org/10.1093/jjco/hyz172
http://dx.doi.org/10.7717/peerj.12578


SchiffmanM, Doorbar J, Wentzensen N, de Sanjose S, Fakhry C, Monk BJ, Stanley MA,
Franceschi S. 2016. Carcinogenic human papillomavirus infection. Nature Reviews
Disease Primers 2:16086.

Shi C, He Z, Hou N, Ni Y, Xiong L, Chen P. 2014. Alpha B-crystallin correlates with
poor survival in colorectal cancer. International Journal of Clinical and Experimental
Pathology 7(9):6056–6063.

Shi C, Yang X, Bu X, Hou N, Chen P. 2017. Alpha B-crystallin promotes the in-
vasion and metastasis of colorectal cancer via epithelial-mesenchymal transi-
tion. Biochemical and Biophysical Research Communications 489(4):369–374
DOI 10.1016/j.bbrc.2017.05.070.

Suman S, Das TP, Sirimulla S, Alatassi H, AnkemMK, Damodaran C. 2016.
Withaferin-A suppress AKT induced tumor growth in colorectal cancer cells.
Oncotarget 7(12):13854–13864 DOI 10.18632/oncotarget.7351.

Sung H, Ferlay J, Siegel RL, LaversanneM, Soerjomataram I, Jemal A, Bray F. 2021.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA: A Cancer Journal for Clinicians
71:200–249.

Vonderheide RH, Domchek SM, Clark AS. 2017. Immunotherapy for breast
cancer: what are we missing?. Clinical Cancer Research 23(11):2640–2646
DOI 10.1158/1078-0432.CCR-16-2569.

Waniczek D, Lorenc Z, Snietura M,Wesecki M, Kopec A, Muc-WierzgonM. 2017.
Tumor-associated macrophages and regulatory T cells infiltration and the clinical
outcome in colorectal cancer. Archivum Immunologiae et Therapiae Experimentalis
65(5):445–454 DOI 10.1007/s00005-017-0463-9.

Wei ZW,Wu J, HuangWB, Li J, Lu XF, Yuan YJ, XiongWJ, Zhang XH,WangW,
He YL, Zhang CH. 2020. Immune-infiltration based signature as a novel prog-
nostic biomarker in gastrointestinal stromal tumour. EBioMedicine 57:102850
DOI 10.1016/j.ebiom.2020.102850.

Worthley DL, Leggett BA. 2010. Colorectal cancer: molecular features and clinical
opportunities. The Clinical Biochemist Reviews 31(2):31–38.

Xiong Y,Wang K, Zhou H, Peng L, YouW, Fu Z. 2018. Profiles of immune infiltration
in colorectal cancer and their clinical significant: a gene expression-based study.
Cancer Medicine 7(9):4496–4508 DOI 10.1002/cam4.1745.

Yiu AJ, Yiu CY. 2016. Biomarkers in colorectal cancer. Anticancer Research
36(3):1093–1102.

Zhang H, Liu H, Shen Z, Lin C,Wang X, Qin J, Qin X, Xu J, Sun Y. 2018. Tumor-
infiltrating neutrophils is prognostic and predictive for postoperative adju-
vant chemotherapy benefit in patients with gastric cancer. Annals of Surgery
267(2):311–318 DOI 10.1097/SLA.0000000000002058.

Zhang J, Liu J, Wu J, Li W, Chen Z, Yang L. 2019b. Progression of the role of CRYAB
in signaling pathways and cancers. OncoTargets and Therapy 12:4129–4139
DOI 10.2147/OTT.S201799.

Deng et al. (2021), PeerJ, DOI 10.7717/peerj.12578 19/20

https://peerj.com
http://dx.doi.org/10.1016/j.bbrc.2017.05.070
http://dx.doi.org/10.18632/oncotarget.7351
http://dx.doi.org/10.1158/1078-0432.CCR-16-2569
http://dx.doi.org/10.1007/s00005-017-0463-9
http://dx.doi.org/10.1016/j.ebiom.2020.102850
http://dx.doi.org/10.1002/cam4.1745
http://dx.doi.org/10.1097/SLA.0000000000002058
http://dx.doi.org/10.2147/OTT.S201799
http://dx.doi.org/10.7717/peerj.12578


Zhang B,Wang Q, Fu C, Jiang C, Ma S. 2019a. Exploration of the immune-related
signature and immune infiltration analysis for breast ductal and lobular carcinoma.
Annals of Translational Medicine 7(23):730 DOI 10.21037/atm.2019.11.117.

Zhou R, Zhang J, Zeng D, Sun H, Rong X, Shi M, Bin J, Liao Y, LiaoW. 2019.
Immune cell infiltration as a biomarker for the diagnosis and prognosis of
stage I-III colon cancer. Cancer Immunology, Immunotherapy 68(3):433–442
DOI 10.1007/s00262-018-2289-7.

Deng et al. (2021), PeerJ, DOI 10.7717/peerj.12578 20/20

https://peerj.com
http://dx.doi.org/10.21037/atm.2019.11.117
http://dx.doi.org/10.1007/s00262-018-2289-7
http://dx.doi.org/10.7717/peerj.12578

