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Pancreatic adenocarcinoma (PAAD) is a malignant tumor with high morbidity and

mortality worldwide. Members from the structural maintenance of chromosomes (SMC)

gene family function as oncogenes in various tumor types, but their roles in PAAD have

not been elucidated. In this study, we aimed to explore the role of the SMC family in

tumor progression and cancer immune infiltration in PAAD using integrative bioinformatic

analyses. The results showed that the SMC 1A, 2, 3, 4, and 6 were overexpressed in

PAAD tissues; of these, SMC 1A, 4, 5, and 6 could be potential prognostic biomarkers for

PAAD. The expression of SMC genes was found to be strongly associated with immune

cell infiltration. According to the infiltrative status of various immune cells, the mRNA

expression of SMC genes in PAAD was associated with the overall and recurrence-free

survival of patients. In conclusion, the SMC gene family is associated with PAAD and may

be involved in tumorigenesis and cancer-immune interactions; thus, members from this

gene family may serve as promising prognostic and therapeutic biomarkers of PAAD.

Keywords: pancreatic adenocarcinoma, SMC family, immune infiltration, prognosis, biomarker, therapeutic target

INTRODUCTION

Pancreatic adenocarcinoma (PAAD) is one of the most prevalent types of cancers worldwide,
showing high mortality and transfer rates (1). The incidence of PAAD has recently increased, with
5-year survival rates of 2–9% (2). Because the clinical symptoms of PAAD are insidious and atypical,
the diagnosis and treatment for this condition pose a critical challenge (3). Cancer cells usually
disseminate by the time >80% of PAAD patients are initially diagnosed, making surgical removal
ineffective (4). Early diagnosis and treatment are key to improving the prognosis of PAAD patients
(5, 6). Therefore, new molecular markers and therapeutic targets are urgently needed to improve
the clinical prognosis and outcomes of PAAD patients.

The structural maintenance of chromosomes (SMC) gene family comprises SMCs 1–6 (7, 8).
While the SMC proteins are important for mitotic chromosome aggregation (9), the SMC1/3,
2/4, and 5/6 complexes play various biological roles in eukaryotes: the SMC1/3 complex mainly
functions in chromosome cohesion, which can promote homologous recombination repair and
aggregation, and affect transcription rates; the SMC2/4 complex is also closely associated with
transcription as a condensation polymer; and the SMC5/6 complex helps in recombination,
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promotes replication, and affects mitotic chromosome allocation
(10–15); the components of the SMC gene family have been
linked to multiple tumors, suggesting their role in tumor
occurrence and development. For example, SMC1 can promote
epithelial-mesenchymal transition (EMT) in triple-negative
breast cancer by inducing Brachyury expression (16). Feng et
al. showed that the expression of SMC2 is closely related to
PAAD (17). In addition, SMC2 can inhibit cytotoxicity, which
promotes tumor sphere formation. Hence, a combination of
anti-SMC2 antibodies, PTX, and 5-FU shows a strong potential
for treating breast and bowel cancer (18). On the other
hand, cohesion mutations associated with SMC3 may promote
leukemia development by enhancing Wnt signaling (19), and
SMC4 plays a key role in lung development and carcinogenesis.
The overexpression of SMC4 can promote the proliferation of
lung cancer cells and serves as an independent prognostic factor
for lung cancer (20). The results of DNA microarray analysis
have revealed the upregulation of SMC4 expression in PAAD,
compared to the case in normal tissues, and thus, SMC2/4may be
a potential target for effective broad-spectrum anticancer agents
(21). However, little is known about the effects of the SMC
family of genes and proteins in the progression and pathogenesis
of PAAD.

This study aimed to determine the function, and molecular
mechanisms underlying the role, of SMCs in PAAD. We
initially identified SMC expression in various types of
cancer in the Gene Expression Profiling Interactive Analysis
(GEPIA) database and then extended our analysis to PAAD
using the Human Protein Atlas (HPA) and The Cancer
Genome Atlas (TCGA) databases. Thereafter, we assessed
the prognostic value of SMCs in PAAD using Kaplan–Meier
curves and the mutation sites in the SMC genes identified
using cBioportal. We also explored the potential SMC-linked
pathways associated with PAAD and analyzed the SMC
family-induced immune infiltration in PAAD by using the
TIMER database.

MATERIALS AND METHODS

Gene Expression Profiling Interactive
Analysis
GEPIA is a site that provides fast and customizable
functionality based on TCGA and GTEX data (22),
from where we obtained the expression signatures of
SMCs in various tumors. Further, we used the GEPIA
database to analyze the expression of SMC family
members in 171 normal pancreas samples and 179
PAAD samples.

Human Protein Atlas Project
Although the main function of the HPA is primarily to explore
the human proteome, we exploited it to assess the immune
reactivity in tissues, the strength of individual cell populations,
the fractions of immunoreactive cells, and the subcellular
localization of the molecules (23).

Kaplan–Meier Plotter
Kaplan-Meier plotter can assess the roles of 54,000 genes in 21
cancer types, based on the most comprehensive data available for
breast, ovarian, lung, and stomach cancers (24).We evaluated the
prognostic functionality of the SMC gene family in 177 patients
with PAAD by linking TCGA data to their respective mRNAs
using the plotter.

cBioportal
cBioportal for Cancer Genomics enables the visualization,
analysis, and download of large-scale cancer genomics datasets
from 20 types of cancer and >5,000 tumor samples. It also
provides rapid, intuitive, and high-quality access to the molecular
profiles and clinical properties of large-scale cancer genomics
projects (25, 26). We analyzed the SMC gene family using
pancreatic cancer datasets of 168 patients from TCGA, the Pan-
Cancer Atlas, and cBioPortal.

Metascape
Metascape is a free gene annotation and analysis resource that
helps investigators understand multiple gene lists and supports
various enrichment analysis algorithms. It is convenient and
enables data analysis in real time, and is thus, advantageous over
other enrichment tools.We conducted the Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway and Gene Ontology (GO)
enrichment analysis for genes co-expressed with SMC members
in PAAD.

TIMER
TIMER aids the determination of relationships between gene
expression and immune infiltration, and their effects on the
disease prognosis (27). We studied the correlation between
SMC gene expression in PAAD and immune infiltration. The
correlation value R was calculated using the Spearman algorithm
on the TIMER website and adjusted according to the tumor
purity. Statistical significance was set at p < 0.05.

Statistical Analysis
Gene expression data from the GEPIA database were analyzed
using the Student’s t-test. Correlations between the SMC gene
family and clinicopathological features of PAAD were verified
using χ2 test. Survival was analyzed by constructing Kaplan–
Meier curves and log-rank tests using SPSS (SPSS version 25).
Differences were considered statistically significant at P < 0.05.

RESULTS

Multiple SMC Genes Were Upregulated
During PAAD
We found that the mRNA expression of the SMC gene
family was increased in most human cancers (Figure 1A).
Likewise, the levels of SMC1A, 2, 3, 4, and 6 were elevated in
PAAD compared to the normal tissues (revealed using GEPIA)
(Figure 1B). We also detected their expression in PAAD using
the immunohistochemical data from the HPA. The results
showed an abundant expression of SMC1A, SMC4, and SMC6 in
PAAD tissues; however, SMC2 was expressed weakly, compared
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FIGURE 1 | Differential expression of structural maintenance of chromosomes (SMC) family members. (A) The mRNA expression levels of SMC gene family members

in different cancer types, as analyzed using the TIMER database. (B) The mRNA expression of SMC gene family members in pancreatic adenocarcinoma (PAAD), as

obtained from the GEPIA database. *P < 0.05.
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FIGURE 2 | Levels of SMC proteins expressed in PAAD tissues, as obtained from the Human Protein Atlas (HPA). (A–F) Protein levels of SMC1A, 2, 3, 4, 5 and 6 in

PAAD tissues, compared with those in noncancerous tissues (Original magnification, 40×).

to that in the normal tissues (Figure 2). On the other hand, the
expression of SMC3 did not differ between PAAD and normal
tissues and SMC5, which was weakly expressed in the normal
tissues, was completely absent in the tumor tissues.

To draw correlations between the SMC gene family and
the pathological characteristics of patients with PAAD, we

downloaded the clinicopathological features of 156 patients

from the TCGA database and examined the clinical relevance

of SMC expression (Table 1). The results showed that the

expression of SMC1A correlated with sex (P < 0.001),

whereas that of SMC4 was significantly correlated with T
stage, grade, and diameter (all P < 0.05, respectively). The
expression of SMC2, 3, 5, and 6 was not associated with
any clinicopathological parameters. These results indicate
that SMC4 overexpression was significantly associated
with advanced tumor stages, higher grade, and a large
tumor size.

Mutations in, and Possible Mechanisms
Underlying the Action of, Genes From the
SMC Family Underlying in PAAD
We investigated genetic alterations in the SMC family in
168 samples from patients with PAAD using cBioPortal. The
proportion of genetic variations in SMCs in patients with
PAAD increased from 4 to 13% (Figure 3A). The proportions
of genetic mutations were 4% in SMC2 and SMC5, 8% in
SMC3 and SMC6, 6% in SMC1A, and 13% in SMC4. The
most frequent abnormalities in the entire SMC family in PAAD
patients comprised mRNA alterations, followed by amplification
and other types of mutations (Figure 3B). Missense mutations
were identified in SMC1A, 2, 3, 4, and 5 (Figure 3C), and two
missense mutations were found in SMC4 and SMC5. Three
missense mutations and one truncating mutation was found
in SMC2. These results show highly heterogeneous genetic
and expression changes in the SMC gene family in PAAD
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TABLE 1 | Clinicopathologic parameters and the expression of SMC gene family members in PAAD.

SMC1A SMC2 SMC3 SMC4 SMC5 SMC6

Characteristics N Low High P Low High P Low High P Low High P Low High P Low High P

Gender 0.000 0.370 0.900 0.402 0.212 0.921

Male 86 66 20 54 32 50 36 50 36 43 43 46 40

Female 70 26 44 39 31 40 30 36 34 42 28 38 32

Age 0.749 0.625 0.623 0.158 0.339 0.399

≤60 51 31 20 29 22 28 23 24 27 25 26 25 26

>60 105 61 44 64 41 62 43 62 43 60 45 59 46

T Stage 0.688 0.366 0.499 0.030 0.902 0.296

T1 + T2 27 16 11 14 13 14 13 20 7 15 12 17 10

T3 + T4 129 76 53 79 50 76 53 66 63 70 59 67 62

N Stage 0.270 0.419 0.223 0.326 0.728 0.805

Nx + N0 44 30 14 24 20 22 22 27 17 23 21 23 21

N1 112 62 50 69 43 68 44 59 53 62 50 61 51

M Stage 0.327 0.191 0.027 0.244 0.184 0.727

Mx 81 51 30 52 29 52 29 48 33 48 33 46 35

M0 + M1 76 42 34 41 35 38 38 38 38 37 39 38 38

Stage 1.000 0.245 0.193 0.124 0.591 0.078

StageI 19 11 8 8 11 8 11 14 5 12 7 12 7

StageII 130 77 53 81 49 79 51 67 63 70 60 71 59

StageIII+IV 7 4 3 4 3 3 4 5 2 3 4 1 6

Grade 0.836 0.390 0.459 0.014 0.994 0.781

Gx + G1 26 14 12 14 12 13 13 20 6 14 12 15 11

G2 82 53 29 31 51 51 31 46 36 45 37 42 40

G3 + G4 48 25 23 18 30 26 22 20 28 26 22 27 21

Diameter(cm) 0.347 0.106 0.857 0.045 0.895 0.683

≤3 58 37 21 39 19 34 24 38 20 32 26 30 28

>3 98 55 43 53 45 56 42 48 50 53 45 54 44

Bold font indicates significant difference.

patients, suggesting that these genes play important roles in the
PAAD microenvironment.

We analyzed the co-expressed genes and enrichment
pathways of the SMC family in patients with PAAD. We initially
downloaded 132 relevant genes with a threshold of P < 0.05,
|log2FC| > 1.5, which were co-expressed with the SMC family
in patients with PAAD (Figure 4A). Among them, CPA1 was
the most closely correlated with the SMC gene family. We
comprehensively investigated the biological functions of these
genes by analyzing their GO terms and their KEGG pathways
using Metascape database. The GO results showed that the
co-expressed genes were primarily correlated with serine-type
endopeptidase activity, digestion, cell wall disruption in other

organisms, zymogen granules, and metallocarboxypeptidase

activity (Figure 4B). Further, the KEGG results showed that

the co-expressed genes primarily correlated with pancreatic

secretion, fat digestion and absorption, bile secretion, steroid

hormone biosynthesis, tight junction, and complement and
coagulation cascades (Figure 4C). The top enriched GO
pathways for biological process comprised digestion, cell
wall disruption in other organism, tetrapyrrole metabolic
processes, calcium-independent cell-cell adhesion via plasma

membrane cell-adhesion molecules, leukotriene metabolic
process, and estrogen metabolic process; the enriched terms
for molecular function comprised serine-type endopeptidase
activity, oligosaccharide binding, triglyceride lipase activity,
metallocarboxypeptidase activity, extracellular matrix structural
constituents, and endopeptidase inhibitor activity; and the
enriched terms for cellular components comprised extracellular
matrix, zymogen granule, specific granule lumen, apical part
of cell, bicellular tight junction, and vacuole (Figures 4D–F).
These results suggested that the SMC gene family is involved
in the regulation of drug metabolism in PAAD, providing new
possibilities for future drug therapies for PAAD.

Correlations Between SMC Expression and
Immune Infiltration in PAAD
Some possible pathways involving SMCs in patients with PAAD
have been determined. Of these, few were involved in the
immune infiltration during PAAD.We then investigated whether
SMC gene transcription plays vital roles in the etiology of PAAD
through immune cell infiltration (Figure 5). The TIMER results
showed that the expression of SMC2 and SMC4 correlated
with the infiltration of six types of immune cells (B cells,

Frontiers in Medicine | www.frontiersin.org 5 March 2022 | Volume 9 | Article 832312

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Nie et al. SMC Gene Family and PAAD

FIGURE 3 | Mutations in SMC genes in PAAD, as determined using cBioPortal. (A,B) Summary of mutation frequency in SMC family genes in PAAD. (C) Specific

types of mutations in individual SMCs.

CD8+, and CD4+ T cells, dendritic cells, macrophages, and
neutrophils) in PAAD, of which correlations were negative
for B cell infiltration, and positive for other types of cells
(P < 0.05). Moreover, B cell, CD8+ T cell, macrophage,
neutrophil, and activated NK cell infiltration were positively
correlated with the gene expression of SMC1A, 3, 5, and 6
(P < 0.05). Therefore, the results from the TIMER database
showed that some SMCs are essential and unique in the PAAD
tumor microenvironment.

We further explored relationships between the SMC genes
and the diverse immune cell infiltrates in PAAD (Table 2). We
found a close correlation between SMC1A and CD8+ T cells,
M2macrophages, Tregs, and monocytes, and between SMC2 and
monocytes, as well as a moderate or weak correlation between
SMC2 and CD8+ T cells, M2 macrophages, Th1, Tfh, Th17,
and Tregs. A relatively close correlation was evident between
SMC3 and CD8+ T cells, T cells (general), M2 macrophages,
Th1, Tregs, and monocytes and a moderate relationship was
identified between SMC4 and M1 and M2 macrophages, Th2,
and Treg markers. Correlations were moderately close between
SMC5 and CD8+ T cells, M1 macrophages, neutrophils, Th2
cells, Tregs, and monocytes, and very close between SMC6 and
B cells, M2 macrophages, Th2, Tregs, and monocyte markers
in patients with PAAD. A clear relationship between some
components of the SMC gene family and monocyte and M2
macrophage markers notably suggested that the SMC gene family
is involved in regulating macrophage polarization in patients
with PAAD. In addition, all results indicated that SMC family
members plausibly play critical roles in the immune infiltration
in PAAD.

Prognostic Value of SMCs in PAAD Patients
The effects of SMC family expression on survival indices were
evaluated using the Kaplan–Meier plotter. Increased SMC1A, 2,
3, 4, 5, and 6 expression levels were closely associated with poor
overall survival (OS; P < 0.05; Figure 6A). An assessment of the
relationship between individual SMCs and relapse-free survival
(RFS) in patients with PAAD (Figure 6B) showed that SMC1A,
4, 5, and 6 were significantly correlated with the poor RFS. We
concluded that SMC1A, 4, 5, and 6 could serve as potential
biomarkers for the prognosis of patients with PAAD.

The aforementioned results suggested that the SMC family
members interact with immune cells and thus, play an important
role in PAAD. Therefore, we further investigated the prognostic
value of SMCs associated with immune cell enrichment in
patients with PAAD. The results showed that upregulation
of SMC1A, 2, 3, 4, and 5 was associated with the poor OS
and decreased survival when PAAD patients were enriched
with CD8+ T-cells (Figure 7A) and B-cells (Figure 7B). SMC4
expression was significantly and negatively correlated with
OS only when PAAD patients were enriched in macrophages
(Figure 7C). The upregulated expression of SMC1A, 4, 5, and
6 was strongly associated with an unfavorable RFS in PAAD
patients with CD8+ T-cell enrichment (Figure 8A), and that of
SMC1A, 2, 3, 5, and 6 was associated with poor RFS in PAAD
patients with B-cell enrichment (Figure 8B). Upregulation of
SMC1A, 2, 4, and 6 expression was associated with the
unfavorable RFS in PAAD patients with macrophage enrichment
(Figure 8C). These results suggested that immune cell infiltration
is enhanced in patients with PAAD expressing an abundance of
the SMC gene family, which help in improving their prognosis.
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FIGURE 4 | Enrichment analysis of SMC gene family and neighboring genes in PAAD tissues. (A) Gene—gene interaction network between SMC family genes and

132 co-expressed genes. (B) KEGG analysis of SMC family genes and co-expressed genes and (C) GO analysis of these genes based on (D) biological processes

(BP), (E) molecular function (MF), and (F) cellular component (CC).

DISCUSSION

We systematically analyzed the expression and prognostic
value of various SMC family proteins in patients with
PAAD using bioinformatics tools. Upregulation of SMC1A
is involved in the pathogenesis of various tumors, such as
gliomas, and colon, triple-negative breast, and liver cancers
(28–30). Moreover, SMC1A upregulation may be associated
with the decreased OS of patients with colon and liver
cancers (29, 30). However, low SMC1A expression in acute
myeloid leukemia is associated with the poor prognosis (31).
Enhanced SMC2 expression is associated with poorer OS in
PAAD patients, suggesting that SMC2 is a crucial oncogene

in PAAD (17). SMC2, when overexpressed, functions as an

oncogene in bladder cancer (32). Additionally, frameshift
mutations in this gene are associated with the pathogenesis
of many cancers, including gastric and bowel cancers (17).
Furthermore, SMC3 expression is upregulated in lung cancer,
acute myeloid leukemia, and prostate cancer (32–34). The

overexpression of SMC4 promotes glioma cell invasion by
activating TGF-β/Smad signaling and is associated with poorer
OS in patients with glioma (35). Similarly, SMC4 functions
as a carcinogen and affects the OS of patients with breast
cancer (36). The SMC5/6 complex plays a key role in alternative
lengthening of telomeres (ALT) by maintaining telomere length
via the SUMOylation of telomere-binding proteins (37). The
relationship between HBx mutations and SMC5/6 in liver
cancer cells, with regard to hepatitis B virus (HBV) infection,
has received an increasing amount of attention (38, 39). We
found significantly elevated SMC1A, 2, 3, 4, and 6 expression
levels in PAAD tissues, compared with those in normal tissues.
Increased mRNA expression levels of SMC1A, 2, 3, 4, 5, and
6 were associated with a shorter OS in patients with PAAD.
Upregulated expression of SMC1A, 4, 5, and 6 mRNA was
associated with decreased RFS among patients with PAAD.
These results indicated that SMC1A, 4, 5, and 6 could be
potential prognostic biomarkers for PAAD. Moreover, KEGG
analysis of these members and their co-expression genes
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FIGURE 5 | Relationships between SMC protein expression in PAAD patients and immune cell infiltration. (A–F) Correlation between the expression of SMC1A, 2, 3,

4, 5, 6 and the immune infiltration by macrophages, neutrophils B, CD8+ T, and dendritic cells.

revealed the top 10 enriched pathways, among which drug
metabolism pathways were significantly enriched, indicating that
the members of the SMC gene family could serve as drug
targets for PAAD. The GO studies showed that the role of the

SMC gene family in PAAD is closely associated with human
immune-related pathways.

PAAD is highly malignant and metastatic. The current
primary treatment for this condition is surgery, in addition
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TABLE 2 | The association between the expression of SMC family members and the markers of immune cells.

SMC1A SMC2 SMC3 SMC4 SMC5 SMC6

Cor P Cor P Cor P Cor P Cor P Cor P

CD8 + Tcell CD8A 0.338 *** 0.204 ** 0.371 *** 0.091 0.238 0.268 *** 0.335 ***

CD8B 0.333 *** 0.199 ** 0.345 *** 0.099 0.197 0.189 * 0.262 **

GZMA 0.269 *** 0.184 * 0.275 *** 0.067 0.386 0.166 * 0.269 ***

B cell CD19 0.165 * 0.076 0.326 0.166 * 0.020 0.794 0.073 0.344 0.273 ***

CD79A 0.183 * 0.104 0.174 0.183 * 0.032 0.673 0.080 0.296 0.276 ***

MS4A1 0.158 * 0.052 0.497 0.185 * −0.034 0.663 0.100 0.195 0.264 ***

T cell CD3D 0.218 ** 0.082 0.285 0.270 *** 0.007 0.930 0.124 0.107 0.225 **

CD3E 0.289 *** 0.144 0.061 0.323 *** 0.040 0.607 0.200 ** 0.297 ***

CD2 0.300 *** 0.145 0.059 0.336 *** 0.045 0.561 0.205 ** 0.297 ***

TAM CCL2 0.114 0.137 0.015 0.846 0.131 0.088 −0.094 0.220 0.087 0.257 0.058 0.448

CD68 0.347 *** 0.225 ** 0.402 *** 0.285 *** 0.257 ** 0.381 ***

IL10 0.284 *** 0.150 0.050 0.295 *** 0.143 0.062 0.123 0.109 0.362 ***

M1 IRF5 0.228 ** 0.078 0.309 0.237 ** 0.190 * 0.179 * 0.421 ***

PTGS2 0.229 ** 0.270 *** 0.239 ** 0.445 *** 0.366 *** 0.429 ***

NOS2 0.322 *** 0.250 ** 0.226 ** 0.237 ** 0.198 ** 0.261 **

M2 MS4A4A 0.389 *** 0.267 *** 0.414 *** 0.150 * 0.133 0.082 0.369 ***

CD163 0.461 *** 0.352 *** 0.502 *** 0.266 *** 0.223 ** 0.431 ***

VSIG4 0.336 *** 0.247 ** 0.368 *** 0.176 * 0.135 0.078 0.320 ***

Neutrophils ITGAM 0.310 *** 0.151 * 0.293 *** 0.184 * 0.179 * 0.316 ***

CCR7 0.257 ** 0.120 0.117 0.263 ** −0.026 0.737 0.183 * 0.255 **

SIGLEC5 0.419 *** 0.241 ** 0.394 *** 0.166 * 0.188 * 0.378 ***

DC HLA-DQB1 0.266 *** 0.164 * 0.290 *** 0.141 0.066 0.087 0.259 0.174 *

HLA-DPB1 0.346 *** 0.152 * 0.331 *** 0.059 0.445 0.134 0.081 0.292 ***

HLA-DRA 0.471 *** 0.277 *** 0.452 *** 0.200 ** 0.200 ** 0.391 ***

HLA-DPA1 0.486 *** 0.307 *** 0.477 *** 0.178 * 0.179 * 0.402 ***

ITGAX 0.137 0.074 0.013 0.865 0.131 0.087 0.120 0.119 0.151 * 0.243 **

CD1C 0.242 ** 0.054 0.484 0.274 *** −0.045 0.557 0.212 ** 0.270 ***

NRP1 0.590 *** 0.411 *** 0.679 *** 0.352 *** 0.445 *** 0.462 ***

NK cell KIR2DL1 0.130 0.091 0.058 0.452 0.140 0.068 0.066 0.389 0.010 0.896 0.117 0.127

KIR2DL3 0.250 ** 0.120 0.119 0.175 * 0.114 0.139 0.107 0.165 0.160 *

KIR2DL4 0.275 *** 0.277 *** 0.232 ** 0.277 *** 0.220 ** 0.210 **

KIR3DL1 0.239 ** 0.122 0.111 0.152 * −0.013 0.870 0.082 0.286 0.037 0.630

KIR3DL2 0.206 ** 0.144 0.060 0.185 * 0.157 * 0.069 0.371 0.223 **

KIR3DL3 0.173 * 0.130 0.089 0.095 0.216 0.145 0.058 0.056 0.469 0.162 *

KIR2DS4 0.123 0.109 0.048 0.534 0.068 0.379 0.056 0.464 0.113 0.143 0.071 0.356

Th1 TBX21 0.236 ** 0.152 * 0.288 *** −0.001 0.993 0.175 * 0.231 **

STAT1 0.488 *** 0.432 *** 0.551 *** 0.512 *** 0.357 *** 0.465 ***

STAT4 0.306 *** 0.209 ** 0.318 *** −0.033 0.664 0.186 * 0.253 **

IFNG 0.244 ** 0.203 ** 0.294 *** 0.209 ** 0.123 0.109 0.141 0.066

Th2 STAT6 0.252 ** 0.129 0.094 0.361 *** 0.316 *** 0.465 *** 0.400 ***

GATA3 0.076 0.324 0.160 * 0.175 * 0.255 ** 0.231 ** 0.322 ***

STAT5A 0.344 *** 0.199 ** 0.351 *** 0.177 * 0.236 ** 0.445 ***

Tfh BCL6 0.375 *** 0.238 ** 0.434 *** 0.447 *** 0.557 *** 0.416 ***

IL21 0.249 ** 0.232 ** 0.203 ** 0.048 0.534 0.048 0.534 0.168 *

Th17 STAT3 0.632 *** 0.458 *** 0.623 *** 0.367 *** 0.580 *** 0.584 ***

IL17A 0.204 * 0.185 * 0.183 * 0.057 0.456 0.167 * 0.063 0.410

Treg FOXP3 0.348 *** 0.162 * 0.355 *** 0.157 * 0.159 * 0.373 ***

STAT5B 0.540 *** 0.385 *** 0.535 *** 0.204 ** 0.395 *** 0.581 ***

CCR8 0.476 *** 0.279 *** 0.495 *** 0.257 ** 0.287 *** 0.476 ***

T exhaustion-cell PDCD1 0.177 * 0.078 0.310 0.208 ** 0.047 0.546 0.155 * 0.184 *

CTLA4 0.234 ** 0.106 0.169 0.274 *** 0.090 0.242 0.138 0.072 0.265 ***

HAVCR2 0.350 *** 0.222 ** 0.384 *** 0.182 * 0.156 * 0.351 ***

LAG3 0.267 *** 0.242 ** 0.194 * 0.146 0.057 0.138 0.073 0.117 0.128

Monocyte CD86 0.397 *** 0.271 *** 0.426 *** 0.206 ** 0.162 * 0.354 ***

C3AR1 0.427 *** 0.284 *** 0.448 *** 0.166 * 0.178 * 0.380 ***

CSF1R 0.441 *** 0.279 *** 0.457 *** 0.143 0.062 0.177 * 0.340 ***

Correlation R value was calculated by Spearman’s algorithm and adjusted by tumor purity.
*P < 0.05.
**P < 0.01.
***P < 0.001.
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FIGURE 6 | Prognostic value of SMC family gene expression levels with regard to the survival of PAAD patients. Relationships between SMC family gene expression

levels and (A) overall survival (OS) and (B) recurrence-free survival (RFS) of PAAD patients, as estimated using Kaplan–Meier plotter.
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FIGURE 7 | mRNA expression levels of SMC family genes in PAAD are associated with overall survival (OS). Relationships between the expression levels of SMC

family genes and the OS of PAAD patients enriched with (A) CD8+ T cells, (B) B cells, and (C) macrophages.
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FIGURE 8 | mRNA expression levels of SMC family genes in PAAD are associated with recurrence-free survival (RFS). Relationships between the expression levels of

SMC family genes and the RFS of PAAD patients enriched with (A) CD8+ T cells, (B) B cells, and (C) macrophages.
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to radiation and chemotherapy, but the OS remains low.
The advent of immunotherapy has brought new hope to
patients with pancreatic cancer. Immune checkpoint molecules
(PD-L1, CTLA-4, and PD1) inhibit the activity of T cells
in the tumor microenvironment, thereby suppressing anti-
tumor immunity-associated processes (40, 41). Enhanced T cell
infiltration, together with a checkpoint blockade, may enhance
the therapeutic effects in patients with PAAD (42). As active
components of the tumor microenvironment (TME), B cells
produce adaptive and anti-tumor immune responses, stimulate
immune factors, and play an important role in the anti-tumor
processes (43). Moreover, therapeutic vaccines may induce a
powerful anti-tumor immune response, and the depletion of
regulatory T cells (Tregs) can reduce TME suppression and
help achieve considerable therapeutic effects (44). Therefore,
immune-related therapies, combined with surgery, radiotherapy,
chemotherapy, and targeted therapy, are promising treatments
for PAAD (45, 46).

The present study revealed relationships between SMC
family genes and immune infiltration in PAAD. We found
that the expression of SMC family genes was significantly
related to immune cell infiltration, indicating that SMCs could
reflect the immune status of PAAD patients. In addition,
enriched infiltration by anti-tumor immune cells, such as
macrophages, CD8+T, and B cells, will improve the prognosis
of patients with PAAD. Our findings provide sufficiently detailed
information about immunization and will assist the design of
new immunotherapies. Nevertheless, further improvements are

needed, as the data analyzed herein were sourced online, and
in vitro studies, as well as clinical investigations, are needed
to confirm the potential mechanisms underlying the action
of, molecular interactions among, and clinical applications of,
various SMC genes in PAAD.
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