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Background: Colorectal cancer (CRC) is a deadly form of cancer worldwide. Heat shock protein 70 (Hsp70) belongs to the
family of human HSPs and plays an essential role in multiple cellular developments and in responding to envi-
ronmental changes. However, studies on the relationship between CRC and the Hsp70 family are rare.

Material/Methods: Data pertaining to 438 patients with CRC was downloaded from The Cancer Genome Atlas database. To in-
vestigate the prognostic significance of the Hsp70 genes, survival and joint-effect analyses were conducted.
The correlation between prognosis-related Hsp70 genes and clinical factors in CRC was analyzed using a no-
mogram. Gene set enrichment analysis (GSEA) was performed to explore the complex enrichment pathway in
CRC with the prognosis-related Hsp70 genes.
Results: According to multivariate Cox regression survival analysis, low expression levels of HSPA1A, HSPA1B, and HSPAIL
were correlated with improved overall survival (OS). According to the joint-effects survival analysis, the joint
low expression levels of HSPA1A, HSPA1B, and HSPA1L were related to improved OS. The 1-, 3-, 5-, and 10-
year survival rates of patients with CRC were predicted by constructing a nomogram model based on HSPAIA,
HSPA1B, HSPA1L, and tumor stage. The GSEA results indicated the biological roles of HSPA1A, HSPA1B, and
HSPAIL in CRC.

Conclusions: Low expression levels of HSPAIA, HSPA1B, and HSPA1L were strongly correlated with improved prognosis in

CRC and might serve as latent prognostic biomarkers in CRC.
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Background

Colorectal cancer (CRC) causes many fatalities worldwide.
However, timely diagnosis and therapy can slow the progres-
sion of CRC [1]. It has been found that during advanced stag-
es of CRC, when metastasis has commenced, carcinoembry-
onic antigen (CEA) and carbohydrate antigen 199 (CA199) are
elevated, and these antigen levels are being utilized in clini-
cal practice with limited effectiveness [2].

Molecular chaperones aid in the dissolution of misfolded pro-
teins. Consequently, they fulfill a crucial physiological role [3].
Heat shock protein 70 (Hsp70) is classified under the fami-
ly of HSPs and has important functions in relation to differ-
ent cellular processes that respond to environmental chang-
es and survival [4]. Historically, Hsp70 has been regarded as
an essential anti-stress defense system that keeps tumor cells
alive. Hsp70 interacts at key points in cellular apoptotic path-
ways [5]. Elevated expression of extracellular Hsp70 is an indi-
cator of a worse prognosis in the cancer process. Hsp70 inhi-
bition leads to an anti-tumor system activation and apoptotic
process in cancer [6]. The human Hsp70 is a multigene fami-
ly consisting of 17 genes and 30 pseudogenes [7], and Hsp70
proteins are most likely related to the functional part of their
differentiated C-terminal and N-terminal domains. The selec-
tion of the most effective and ideal molecule for anti-chaper-
one agents is based on the Hsp70 gene family [8].

Studies have demonstrated that Hsp70 is the worst indepen-
dent prognostic factor in primary colon cancer [9], and the clin-
ical value of Hsp70 overexpression in patients diagnosed with
colon cancer has been summarized [10]. However, studies to
date have not summarized the prognostic significance of all

Table 1. The clinical data for 438 patients with colorectal cancer.
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Hsp70 family genes in the context of CRC. Hence, this study
is aimed at investigating the prognostic significance of Hsp70
family expression by using data from 438 patients with CRC
obtained from The Cancer Genome Atlas (TCGA) database.

Material and Methods

Data Preparation

The TCGA dataset is a substantial network database for re-
searchers (https://cancergenome.nih.gov/), which stores infor-
mation on different genomes of primary tumors and matched
normal tissues [11]. In this study, we analyzed data from 438
patients with CRC, which included Hsp70 gene family expres-
sion and clinical data. Scatter plots were generated for the
Hsp70 gene family in CRC and matched normal tissues.

Interaction and Function Analysis of the Hsp70 Gene
Family

The Pearson correlation coefficient was used for the correlation
analysis of Hsp70 genes. The coexpression correlation of Hsp70
genes was performed in GeneMANIA (www.genemania.org) [12].
The functional bioinformatics analysis of Hsp70 genes was con-
ducted using the online tool DAVID (david.ncifcrf.gov/tools.jsp) [13].

Survival and Joint-effect Analysis of the Hsp70 Gene
Family

Univariate and multivariate Cox proportional hazard ratios (HRs)
were used to determine the effects of all Hsp70 gene expres-
sions on overall survival (OS). Adjustments included patient

\VELELI

Patients (n=438)

Age (years)

<60 122 81.1
"""" >0 36 763
CSex
"""" Female 204 784
"""" Male 234 769
TNMstage
"""" 713 s
"""" v 17 88
"""" w16 754
"""" A Y
"""" Missing 11

No. of events (%)

MST (days) HR (95% CI) Log-rank P

3039 Ref. 0.398

2535 1.223 (0.766-1.952)

2990 Ref. 0.545

2320 1.131 (0.759-1.686)

3234 Ref.

2838 224 (0.781-6.421)
————————————————————————————————————————————————————————————————————————— <0.001

2856 4.068 (1.434-11.538)

1114 11.291 (3.980-32.026)

MST — median survival time; HR — hazard ratio; Cl — confidence interval; TNM — tumor-node-metastasis.
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Figure 1. Expression levels of Hsp70 genes in colorectal cancer and normal colon tissue. (A) HSPAIA; (B) HSPA1B; (C) HSPA1L;
(D) HSPA2; (E) HSPA4; (F) HSPA4L; (G) HSPA5; (H) HSPAG; (I) HSPAS; (1) HSPAY; (K) HSPA12A; (L) HSPA12B; (M) HSPA13;

(N) HSPA14; (0) HSPH1; (P) HYOU1.

tumor-node-metastasis (TNM) stage, age, and sex. Following
this, joint-effect analysis was conducted with the significant

Gene set Enrichment Analysis

Hsp70 genes that exhibited prognostic value for CRC. Gene set enrichment analysis (GSEA) v.3.0 (http://software.
broadinstitute.org/gsea/msigdb/index.jsp) was used to ana-
lyze the enrichment pathway in CRC with the prognosis-relat-
ed Hsp70 genes [15]. The Kyoto Encyclopedia of Genes and
Genomes (KEGG) and Gene Ontology (GO) datasets were used
for analysis. Statistical significance was indicated by P<0.05

and a false discovery rate <0.25.

Nomogram

A nomogram was formulated for the prognosis-related Hsp70
genes and clinical factors in CRC. The 1-year, 3-year, 5-year,
and 10-year survival rates in CRC patients were predicted us-
ing the nomogram [14].
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Figure 2. Pearson’s correlation analysis for HSPA1A, HSPA1B, HSPA 1L, HSPA2, HSPA4, HSPA4L, HSPA5, HSPA6, HSPA8, HSPA9, HSPA12A,
HSPA12B, HSPA13, HSPA14, HSPH1, and HYOU 1.

Statistical Analysis

SPSS version 25.0 (IBM, Chicago, IL, USA) was used for sta-

Results

tistical analysis. The calculation of survival analysis was car-

ried out with Cox proportional hazards regression and Kaplan-
Meier analyses, which yielded log-rank P values, HRs, and 95%
confidence intervals (Cls). Results were considered statistical-

ly significant when P<0.05.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Clinical Characteristics

The clinical data from 438 patients with CRC was used in the
analysis. Table 1 lists the correlations between clinical char-
acteristics and OS in the patients with CRC [16]. The results

showed that TNM stage was related with OS. Figure 1 illus-
trates each of the Hsp70 family gene levels in samples of CRC
and normal colon tissue. HSPAIA, HSPA1B, HSPA1L, HSPA2,
HSPA4, HSPA4L, HSPA5, HSPAS, HSPA9, HSPA12B, HSPA14,
HSPH1, and HYOU1 gene levels were statistically significant.
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Figure 3. Gene-gene and protein—protein interaction network for Hsp70 gene family. (A) Gene-gene interaction network;

(B) Protein—protein interaction network.
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Figure 4. GO and KEGG pathway analysis of Hsp70 gene family carried out by the online tool DAVID. (A) Biological process; (B) cellular
component; (C) molecular function; (D) KEGG pathway.
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Table 2. Prognostic survival analysis of Hsp70 family genes.

R Patients  No. of events MST Crude HR Adjusted . "
Gene expression (n=438) %) (days) (95% C) Crude P HR (95% CI) Adjusted P
HSPAIA <0.001
,,,,,,, tw 29 &8 299 Ref Rt 0004
0.435 0.514
High 219 694 2412 (0.284-0.666) (0.327-0.808)
HSPAIB 0.037
w28 ge 296 Ref Ref. 0.044
0.645 0.643
High 219 7.7 2462 (0.427-0.974) (0.419-0.988)
HSPAIL 0.004
w28 g1 46 Ref Ref. 0.046
0.545 0.650
High 21 72.1 2247
g ? (0.362-0.821) (0.425-0.993)
HSPA2
Low 219 76.7 2584 Ref. 0.776 Ref 0.720
0.944 1.077
High 21 78. 281
'e ? 8.5 810 (0.635-1.404) (0.717-1.619)
HSPA4
Low 219 76.3 2222 Ref. 0.103 Ref 0.180
0.717 1325
High 21 ‘ 2852
'e ? 79.0 8 (0.481-1.069) (0.879-1.998)
HSPA4L
Low 219 76.3 2054 Ref. 0.134 Ref 0.622
0.734 0.900
High 21 . 2
e ? 79.0 908 (0.490-1.100) (0.591-1.370)
HSPAS
Low 219 79.0 2734 Ref. 0.656 Ref 0.674
1.095 1.092
High 219 763 2594 (0.736-1.629) (0.725-1.644)
HSPAG
Low 219 80.8 2732 Ref. 0.067 Ref 0.284
1.455 1.254
High 219 744 2591 (0.975-2.171) (0.829-1.899)
HSPA8
Low 219 73.5 2481 Ref. 0.050 Ref 0.333
0.668 0.815
High 219 817 2790 (0.446-0.999) (0.538-1.233)
HSPA9
Low 219 74.0 2335 Ref. 0.017 Ref 0.059
0.612 0.670
High 219 813 2962 (0.409-0.915) (0.442-1.016)
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Table 2 continued. Prognostic survival analysis of Hsp70 family genes.

Genelexprensin Patients  No. of events MST
(n=438) (CA) (days)
HSPA12A
w219 1 2634
High 219 77.2 2688
Cwspaze
w219 63 2644
High 219 79.0 2712
CWspaz
w219 740 2666
High 219 81.3 2570
Cwspaza
w219 67 %646
High 219 78.5 2666
B
w219 85 672
High 219 76.7 2661
Cwour
w219 a4 617
High 219 80.8 2692

Crude HR Adjusted . "
(95% C) Crude P HR (95% CI) Adjusted P
Ref. 0.863 Ref. 0.605
1.035 1.114
(0.697-1.539) (0.741-1.674)
Ref. 0.935 Ref. 0.697
0.984 0.922
(0.661-1.464) (0.612-1.388)
Ref. 0.189 Ref. 0.484
0.763 0.863
(0.510-1.142) (0.571-1.305)
Ref. 0.388 Ref. 0.645
0.840 0.909
(0.565-1.249) (0.604-1.366)
Ref. 0.836 Ref. 0.131
1.043 0.721
(0.701-1.551) (0.472-1.102)
Ref. 0.244 Ref. 0.185
0.788 0.757
(0.528-1.177) (0.501-1.143)

* Adjusted for TNM stage. Hsp70 — heat shock protein 70; MST — median survival time; HR — hazard ratio; Cl — confidence interval.

Interaction and Function Analysis of the Hsp70 Gene
Family

The Pearson correlation coefficient was used to analyze the
correlation of Hsp70 genes (Figure 2). Figure 3 illustrates the
gene-gene and protein—protein interaction network of the
Hsp70 gene family. Figure 4 illustrates the GO pathway func-
tional analysis and KEGG pathway functional analysis.

Survival and Joint-effect Analysis of the Hsp70 Gene Family

Table 2 summarizes the univariate and multivariate survival
analyses of the Hsp70 genes. Low expression levels of HSPAIA,
HSPA1B, and HSPAIL were associated with improved OS in
univariate survival analysis. Meanwhile, the elevated expres-
sion level of HSPA9 was related to improved OS (Figure 5).

Moreover, multivariate survival analysis demonstrated that
lower expression levels of HSPAIA, HSPA1B, and HSPA 1L were
significantly associated with improved OS.

Based on the multivariate survival analysis of HSPA1A, HSPA1B,
and HSPAIL, a joint-effects framework was performed with
different groups (Table 3). As illustrated in Figure 6, low ex-
pression levels of HSPAIA, HSPA1B, and HSPA1IL in Groups 1,
4,7, and 10 were significantly correlated with improved OS.

Nomogram

The nomogram was utilized for investigating the association
between HSPA 1A, HSPA1B, HSPA1L, and tumor stage in CRC.
The points of each variable could be calculated. Figure 7 shows
the prediction of the 1-, 3-, 5-, and 10-year survival rates.
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Figure 5. The univariate survival analysis of HSPAIA, HSPA1B, HSPA1L, and HSPA9 (P<0.05). Kaplan-Meier survival curves concerning

(A) HSPA1A; (B) HSPA1B; (C) HSPA1L; (D) HSPA9 expression.

GSEA Analysis

To investigate the enrichment pathway with HSPAIA, HSPA1B,
and HSPA1L, GSEA analysis was conducted. As illustrated in
Figure 8, according to the GSEA, the low expression of HSPAIA
was positively correlated with the cell cycle, DNA replication,
RNA degradation, and P53 pathway. As illustrated in Figure 9,
the GSEA indicated that the high expression of HSPA1B was
positively correlated with the spliceosome, heat shock protein
binding, RNA polymerase Il promoter transcription elongation,
DNA-templated transcription elongation, chaperone-mediat-
ed protein folding, and positive regulation of gene-expression
epigenetics. The GSEA also indicated that a low expression of
HSPA1L was positively correlated with the cell cycle, DNA rep-
lication, DNA helicase activity, and P53 pathway (Figure 10).

Discussion

The TCGA database was utilized to illustrate the importance
of Hsp70 genes in predicting the prognosis of patients with
CRC. We found that gene levels were statistically significant-
ly higher in CRC tissue samples than in normal colon tissue
samples for HSPA1A, HSPA1B, HSPA1L, HSPA2, HSPA4, HSPA4L,
HSPAS5, HSPA8, HSPA9, HSPA12B, HSPA14, HSPH1, and HYOU1.
Furthermore, interaction and functional analyses were estab-
lished in the investigation of the Hsp70 genes. According to
the multivariate survival analysis and joint-effects analysis,
low expression levels of HSPA1A, HSPA1B, and HSPAIL had a
strong association with improved OS. Additionally, a nomogram
based on HSPAIA, HSPA1B, HSPA1L, and tumor stage was for-
mulated for predicting 1-, 3-, 5-, and 10-year survival rates in
the patients with CRC. The investigation of potential molecular
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Table 3. Grouping according to HSPA1A, HSPA1B, and HSPAIL.

DATABASE ANALYSIS

Group Composition Group Composition
1 Low HSPA1A +low HSPA1B 10 Low HSPA1A +low HSPA1B+ low HSPAIL
Low HSPA1A +high HSPA1B Low HSPA1A +low HSPA1B+ high HSPA1L
2 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
High HSPA 1A +low HSPA1B Low HSPA1A +high HSPA1B+ low HSPA1L
3 High HSPA 1A +high HSPA1B High HSPA1A +low HSPA1B+ low HSPAIL
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 11 e
4 Low HSPAIA +low HSPA1L High HSPA 1A +high HSPA1B+ low HSPAIL
Low HSPA1A +high HSPAIL High HSPA1A +low HSPA1B+ high HSPA1L
5 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
High HSPAIA +low HSPAIL Low HSPA1A +high HSPA1B+ high HSPAIL
6 High HSPA1A +high HSPAIL 12 High HSPA 1A +high HSPA1B+ high HSPA1L
7 Low HSPA1B +low HSPAIL
Low HSPA1B +high HSPAIL
8 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
High HSPA1B +low HSPA1L
9 High HSPA 1B +high HSPA1L
A HSPATA+HSPA1B B HSPATA+HSPATL
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Figure 6. The joint-effects analysis of the influence of combined HSPA1A, HSPA1B, and HSPA1L. Kaplan-Meier survival curves
concerning (A) HSPA1A+HSPA1B; (B) HSPA1A+HSPA1L; (C) HSPA1B+HSPA1L; (D) HSPA1A+HSPA1B+HSPAIL.
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Figure 7. A nomogram model was performed to analyze the prognosis correlation of HSPA1A, HSPA1B, HSPAIL and tumor stage in
CRC. The points of each variable were calculated at the top of the nomogram. A vertical line down to the 1-, 3-, 5-, and 10-
year survival lines allowed for the determination of survival probabilities.

mechanisms with HSPA 1A, HSPA1B, and HSPA 1L was facilitat-
ed by GSEA analysis. Accordingly, low expression of HSPAIA
exhibited a positive correlation with the cell cycle, DNA repli-
cation, RNA degradation, and P53 pathway. Furthermore, an
elevated expression level in HSPA1B was positively correlated
with the spliceosome, heat shock protein binding, RNA poly-
merase |l promoter transcription elongation, DNA-templated
transcription elongation, chaperone-mediated protein folding,
and positive regulation of gene-expression epigenetics. In ad-
dition, the low expression of HSPAIL was positively correlat-
ed with the cell cycle, DNA replication, DNA helicase activity,
and P53 pathway.

Since the Hsp70 genes are important members of the HSPs
family, they were assumed to be responsible for multiple cellu-
lar developments and for responding to environmental chang-
es [4]. The human Hsp70 is a multigene family which consists
of 17 genes and 30 pseudogenes [7]. It also includes 1 putative
gene, HSPA7 [17]. In the present study, we selected data from
16 Hsp70 genes to investigate the significance of Hsp70 genes
in the prediction of prognosis in patients with CRC. According
to the multivariate survival analysis, low expression levels of
HSPA1A, HSPA1B, and HSPA1L were significantly related with
improved OS. Previous studies have done detailed analysis
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of the evolutionary history of HSPAIA, HSPA1B, and HSPA1L
[18], and these genes, respectively, encode 3 highly analogous
Hsp70 proteins, namely, Hsp70-1, Hsp70-2, and Hsp70-hom,
which are located on chromosome 6p21.3 [19]. The genes
HSPA 1A and HSPA1B have been studied extensively, and their
coded proteins are thought to be completely interchangeable
because only 2 amino acids are different [20]. In a majority of
human tissues, the expression levels of HSPAIA and HSPA1B
are expressed much more than are other Hsp70 family genes.
Furthermore, HSPA1L is highly expressed in testis [7].

It has been demonstrated that HSPA1A plays an essential role
in cancer development. Apparently, HSPAIA could be signifi-
cant in the development of cancer cells, protecting them from
oxidative stress, hypoxia, inflammatory cytokines, and the anti-
apoptotic pathway [21]. It has been demonstrated that HSPAIA
is essential to the survival of different cancer cells [22-24]. It
has also been established that HSPAIA has a role on changes
in the immune system [4]. Moreover, the HSPAIA and HSPAIL
genes could be related to the prognosis in ovarian epitheli-
al cancer [25].

Similar to HSPA 1A, HSPA1B also assumes a vital role in cancer.
It has been reported that HSPA1B variations are related to lung
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Figure 8. Gene set enrichment analysis shows the enrichment analysis of HSPAIA. (A-F) Statistical significance was implied by NOM
P<0.05 and FDR<0.25. NOM — normalized; FDR - false discovery rate; NES — normalized enrichment score.
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Figure 9. Gene set enrichment analysis shows the enrichment analysis of HSPA1B. (A-F) Statistical significance was implied by NOM
P<0.05 and FDR<0.25. NOM — normalized; FDR - false discovery rate; NES — normalized enrichment score.
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Figure 10. Gene set enrichment analysis shows the enrichment analysis of HSPA1L. (A-F) Statistical significance was implied by NOM
P<0.05 and FDR<0.25. NOM — normalized; FDR - false discovery rate; NES — normalized enrichment score.

cancer risk and survival [19]. Numerous studies have shown
that HSPA1B is related to the growth of tumors in colorectal
and breast cancer [26,27]. Additionally, variant HSPA1L could
be related to prostate cancer risk [28]. Hsp70 exhibits various
anticancer therapies, including playing the role of lifeguard and
having anti-apoptotic effects in cancer cells [6,29,30]. It also
plays a role in the regulation of the intrinsic, extrinsic, and cas-
pase-independent pathways [31,32]. GSEA was used to discov-
er the potential underlying molecular mechanisms of HSPAIA,
HSPA1B, and HSPA1L in CRC. It is likely that these genes pos-
sess anticancer effects by affecting the cell cycle, DNA repli-
cation, and P53 pathway.

This study has a number of limitations. First, the public data-
bases lack detailed clinical information. Second, the patient
data were obtained from a single source. To generalize the re-
sults, it will be necessary to validate the conclusions through
the analysis of independent data in future studies. Finally,
since this study is mainly a bioinformatics study using data
from a public database, it lacks empirical conclusiveness. The
anticancer properties of HSPAIA, HSPA1B, and HSPA1L in CRC
should be tested through various in vitro and in vivo exper-
iments. Studies have demonstrated that Hsp70 genes have
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prognostic significance in some common tumors [9,33,34];
however, the present study is the first to report on the signif-
icance of the Hsp70 family of genes in estimating the prog-
nosis of patients with CRC.

Conclusions

Through comprehensive analysis, we identified the poten-
tial molecular mechanisms of HSPA1A, HSPA1B, and HSPAIL
in CRC. Additionally, we discovered that low expression levels
of HSPAIA, HSPA1B, and HSPA1L were significantly correlat-
ed with an improved prognosis in CRC. Importantly, HSPAIA,
HSPA1B, and HSPA1L have potential value as prognostic bio-
logical markers in CRC.
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