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Abstract
Pancreatic cancer is still one of the most lethal malignancies across the world, and hence exploring new bio-
markers related to the progression and invasive nature of this cancer is important to overcome its resistance 
to various types of treatments through the design of new therapeutic strategies. Several markers have been 
shown to play a role in pancreatic cancer invasion, but CA19-9, CA125, and noncoding RNAs, including 
microRNAs, long noncoding RNAs, and circular RNAs, are the most common ones. In the current review, 
the role of these markers in pancreatic cancer progression, invasion, and metastasis, as well as related mech-
anisms, has been provided, and their potential to be utilized in pancreatic cancer diagnosis and treatment 
has been discussed.
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Introduction
The mortality rate of pancreatic cancer (PC) is 

the highest among other gastrointestinal malig-
nancies since most patients are diagnosed with 
advanced stage and metastasis (1, 2). It has been 
predicted that PC will become the second leading 
cause of cancer-related deaths by 2030 (3). Ac-
cording to the estimations, there will be 62,210 
new cases diagnosed with PC and 49,830 deaths 

during 2022, indicating a high fatality rate (4). The 
5-year survival rate is roughly 10 percent world-
wide, which is the lowest survival rate among all 
cancers (1, 4, 5). It is supported that 80 to 90 per-
cent of patients have an unresectable tumor at the 
time of diagnosis (6). Hence, early detection and 
treatment of this cancer are critical in preserving 
patients’ lives and boosting survival.

One of the most significant concerns in the pro-
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gression of PC is identifying the molecular mech-
anisms contributing to the invasion and metasta-
sis, which are responsible for about 90 percent of 
cause deaths in patients (7). Tumor invasion leads 
to the penetration of tumor cells into adjacent 
normal tissues, which results in metastasis (8). 
Invasion is a complex process, and its biochemi-
cal, biological, and biomarkers are not completely 
elucidated. Therefore, it is critical to recognize the 
underlying actions of tumor markers involved in 
cancer development and invasion.

Currently, many experimental studies are 
working on the tumor markers of PC. Tumor 
markers are biochemicals that can be measured 
in cancerous patients’ blood and can be either tu-
mor-derived or tumor-associated (9, 10). Several 
tumor markers comprising carbohydrate antigens 
(CA19-9, CA125, CA50, CA242), glycoproteins 
like carcinoembryonic antigen (CEA) and pan-
creatic oncofetal antigen (POA), microRNAs, and 
others have been considered for the screening and 
diagnosing of the PC; however, their clinical util-
ity remains obscure (11-13). Of these, CA19-9, 
the most widely used serum marker in detecting 
PC, is overexpressed in PC tissues and correlates 
with perineural invasion and advanced grades of 
disease (14). It was found that long non-coding 
ribonucleic acids (RNAs) can act on migration 
and invasion of PC (15). Specifically, upregula-
tion of LINC00675,  LINC01963, and MEG3 are 
correlated with perineural invasion, inhibition of 
proliferation and invasion, and decreased rate of 
metastasis and vascular invasion of PC, respec-
tively (16). LncRNA XIST promotes invasion 
through the increased expression of TGF-β2 by 
preventing miR-141-3p expression (17). Besides, 
stanniocalcin 2, a marker of tumor progression, 
is overexpressed in PC cells, leading to increased 
invasion and migration (18).

Overall, multiple biomarkers have played an 
important role in PC invasion. In the current 
review, we comprehensively examined tumor 
markers involved in PC invasion for the first time 
and described the functions of these markers in 
the invasion.

Tumor Markers Related to PC Invasion
A wide variety of tumor markers have been as-

sociated with pancreatic cancer invasion. Among 
them, tumor-associated antigens such as CA19-

9 and CA125 and noncoding RNAs, including 
microRNAs (miRNAs), long noncoding RNAs 
(lncRNAs), and circular RNAs (circRNAs), are 
the most investigated markers related to the inva-
sion of pancreatic cancer. Understanding the role 
of invasion-associated markers is crucial due to 
their role in cancer progression and patients’ sur-
vival rates, making them potential candidates for 
exploring new therapeutic strategies in the future. 
Here, we review the role of these markers in the 
progression and invasion of PC. 

CA19-9
Carbohydrate antigen 19-9 (CA19-9), a tet-

rasaccharide (5-Acetylneuraminyl-2-3-Galac-
tosyl-1-3-(Fucopyranosyl-1-4)-N-Acetylglu-
cosamine), also known as antigen sialyl-Lewis a 
(sLea), is the most extensively used and the fore-
most validated biomarker for both diagnosis and 
therapy monitoring in patients with pancreatic 
adenocarcinoma (19, 20). CA19-9 elevation can 
be seen not only in pancreatic cancer but also in 
multiple pathologic conditions such as obstruc-
tive jaundice, acute or chronic pancreatitis, and 
malignancies originating from the breast, liver, 
colorectum, and stomach (19). In contrast, Lew-
is negative individuals cannot synthesize CA19-
9, resulting in normal CA19-9 levels even in the 
advanced pancreatic cancer (21). The alteration 
of surface glycosylation during the malignant 
transformation of pancreatic cells results in the 
overexpression of CA19-9 (22, 23). An altered 
glycosylation pattern can have an important role 
in cancer invasion and metastasis (24-26). Sever-
al studies have demonstrated the correlation be-
tween a high CA19-9 level and a poor prognosis 
or invasive manner of pancreatic cancer. In an 
in vivo study conducted by Engle et al., CA19-9 
was shown to promote pancreatitis, which led to 
the development of pancreatic ductal adenocar-
cinoma (27). The higher ratio of CA19-9 to total 
tumor volume correlates with lower survival and 
poor prognosis (28). Persistent elevation of the 
CA19-9 level after surgical resection serves as a 
significant negative predictor of survival (29). CA 
19-9 level correlates with perineural invasion and 
advanced grade of disease (14). Pancreatic cancer 
patients with a normal CA19-9 level significantly 
have a lower invasion of the surrounding tissues, 
intrapancreatic neural invasion, angiolymphatic 
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invasion, anterior serosal invasion, and lymph 
node metastasis (30). Similarly, it was shown that 
elevated preoperative CA19-9 was associated 
with lymphovascular space invasion as well as the 
pancreatic extension (31). 

CA125
Cancer antigen 125 (CA125), also known as 

mucin 16 (MUC16), is one of the transmem-
brane glycoproteins belonging to the mucin fam-
ily, which is used as a screening and diagnostic 
tumor marker most commonly used for ovarian 
cancer and less commonly used for some oth-
er malignancies like pancreatic cancer (32, 33). 
CA125 has been reported as a potential prognos-
tic biomarker in many studies. Liu et al.. revealed 
that patients with metastatic pancreatic cancer to 
either lymph nodes or distant organs had higher 
levels of CA125 compared to the patients with-
out metastasis, and baseline CA125 serum levels 
reflected the extent of pancreatic cancer dissem-
ination to the metastatic sites like the liver and 
lymph nodes. Moreover, higher CA125 levels 
were associated with earlier distant metastasis 
in patients following pancreatectomy (34). Chen 
et al. found that Mesothelin binding to MUC16 
could promote pancreatic cancer cell migration 
and invasion through activating MMP-7 and reg-
ulating the p38 MAPK-dependent pathway (35). 
Similarly, Shimizu et al. showed that co-expres-
sion of mesothelin and MUC16 promoted inva-
sion in pancreatic ductal adenocarcinoma (36).

MicroRNAs
MicroRNAs (miRNAs) are small noncoding 

RNAs (ncRNAs) with about 22 nucleotides that 
can target 3'-untranslated regions to express a 
variety of genes and can cause the breakdown of 
mRNA by inhibiting the translation (37). Stability 
in serum, simplicity of non-invasive detection in 
circulation, and a practical screening procedure 
are all considered to be the benefits of utilizing 
miRNAs (38). Previous studies have revealed that 
the dysregulation of miRNAs has been linked to 
changes in the genes that control the develop-
ment of cancer (39). Many oncogenic and tumor 
suppressor miRNAs have been shown to be in-
volved in the invasion of pancreatic cancer. For 
example, the study of Pengcheng et al. showed 
that miR-573 was significantly downregulated in 

pancreatic cancer tissues and cell lines. miR-573 
inhibited cell proliferation, migration, and inva-
sion in vitro and inhibited tumor growth in vivo 
through regulating E2F3. In addition, the expres-
sion of miR-573 was associated with the tumor–
node–metastasis (TNM) stage, tumor size, and 
lymph node metastasis (40). MiR 7515 is another 
tumor suppressor miRNA that is downregulated 
in pancreatic cancer tissues and cell lines. Down-
regulated miR 7515 promotes cell proliferation, 
migration, and invasion both in vitro and in vivo 
by downregulating insulin-like growth factor 1 
(IGF 1) and subsequent Ras/Raf/MEK/ERK sig-
naling pathways. Moreover, miR 7515 negative-
ly correlates with tumor size, TNM stage, distant 
and lymph node metastasis, and perineural and 
blood vessel invasion (41). Low expression of 
miR-1252-5p, which is seen in pancreatic cancer 
tissue samples and cell lines, is correlated with 
node invasion and high histologic grade. In vitro, 
overexpression of miR-1252-5p inhibits cell pro-
liferation, migration, and invasion as well as an 
epithelial-mesenchymal transition by targeting 
neural precursor cell expressed, developmentally 
downregulated 9 (NEDD9), and in vivo, it causes 
suppression in tumor growth (42). MiR-203-3p 
is downregulated in pancreatic cancer cell lines. 
A high level of miR-203-3p suppresses cell pro-
liferation, migration, and invasion. In addition, 
it induces apoptosis via the downregulation of 
fibroblast growth factor 2 (43). MiR-1469-5p, as 
an oncogenic miRNA, is upregulated in pancre-
atic cancer tissues and cell lines. The expression 
of miR-1469-5p is associated with the TNM stage 
and lymph node metastasis. Besides, upregu-
lated miR-1469-5p promotes pancreatic cancer 
cell proliferation and invasion by regulating the 
NDRG1/NF-κB/E-cadherin axis (44). MiR-301a 
is another oncogenic miRNA that is upregulated 
in pancreatic cancer tissues and cell lines. High ex-
pression of miR-301a is related to advanced TNM 
staging and poor survival. Moreover, MiR-301a 
has an important role in cell migration, invasion, 
and angiogenesis in vitro, as well as cell invasion 
and metastasis in vivo by targeting suppressor of 
cytokine signaling 5 (SOCS5) and Janus kinase/
signal transducer and activator of transcription 3 
(JAK/STAT3) signaling pathways (45). Figure 1 
and Table 1 describe the important miRNAs that 
play a role in pancreatic cancer invasion.
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Figure 1. Dysregulated miRNAs involved in pancreatic cancer invasion

Table 1. List of some miRNAs associated with pancreatic cancer invasion
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Long non-coding RNAs
Long non-coding RNAs (lncRNAs) are a group 

of RNA transcripts with a length longer than 

200 nucleotides that are not capable of encod-
ing proteins. It has been shown that circulating 
lncRNAs are relatively stable in body fluids and 
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can be noninvasively obtained from patients with 
cancer (66). At various levels, including epigen-
etic, transcriptional, and translational, as well 
as post-translational levels, LncRNAs are recog-
nized as regulators of gene expression (67). Dys-
regulated lncRNA profiles have a significant role 
in the pathogenesis of malignancies with regard 
to cell proliferation, migration, invasion, epitheli-
al-to-mesenchymal transition (EMT), and apop-
tosis, as well as resistance to anti-tumor phar-
maceutical treatment (68, 69). In many studies, 
numerous lncRNAs, either tumor suppressor or 
oncogenic, have been shown to be dysregulated 
in association with the progression of pancreatic 
cancer. For instance, in a recent study, Zhao et al. 
demonstrated that the upregulation of lncRNA 
titin antisense RNA 1 (TTN-AS1) promoted 
proliferation, migration, and invasion of PC cell 
lines (70). LncRNA SNHG15 expression level is 
increased in PC. Silencing of SNHG15 suppress-
es the proliferation, migration, and invasion of 
PC cells in vitro by regulating the miR-345-5p/
RAB27B axis and reduces the tumor growth in 
vivo (71). LncRNA LINC00657 is upregulated in 
PC tissues and cell lines, leading to increased cell 
proliferation, migration, and invasion via regulat-
ing the miR-520h/CKS1B axis (72). The expres-

sion level of lncRNA LINC00460 is significantly 
upregulated in pancreatic ductal adenocarcino-
ma, and its knockdown results in the inhibition 
of cell proliferation, migration, and invasion, as 
well as promoting apoptosis in vitro through reg-
ulating the miR-320b/ARF1 axis (73). LncRNA 
prostate cancer-associated transcript 6 (PCAT6) 
is upregulated in pancreatic ductal adenocarci-
noma. Overexpression of PCAT6 is significantly 
correlated with advanced TNM stage, advanced 
lymph node invasion, and worse overall survival. 
Furthermore, upregulated PCAT6 promotes cell 
proliferation, migration, and invasion in vitro by 
suppressing miR-185-5p expression and increas-
ing chromobox 2 (CBX2) expression (74). Ln-
cRNA MVIH is upregulated in PC tissues and cell 
lines. In vitro, overexpressed MVIH promotes cell 
proliferation and migration, as well as invasion. 
Also, it inhibits apoptosis. In addition, it reduces 
both Gemcitabine and 5-FU chemosensitivity. In 
patients suffering from pancreatic ductal adeno-
carcinoma, upregulated MVIH in tumor tissue is 
correlated with advanced TNM stage, tumor size, 
lymph node invasion, and poor overall survival 
(75). Figure 2 and Table 2 summarize the avail-
able data on some lncRNAs that have a role in 
pancreatic cancer invasion. 

Figure 2. Dysregulated LncRNAs involved in pancreatic cancer invasion
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Table 2. List of some lncRNAs associated with pancreatic cancer invasion
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Circular RNAs
Circular RNAs (circRNAs) are endogenous, 

non-coding RNAs that are just as efficiently tran-
scribed by RNA polymerase II as linear RNAs. 
They can be developed between an upstream 5' 
splice site and a downstream 3' splice site in a 
linear precursor mRNA (pre-mRNA). The main 
functions of circRNAs include acting as miRNA 
sponges, acting as modulators of transcription, 
and acting as protein sponges. CircRNAs are con-
sidered to be useful biomarkers for cancer risk 

prediction due to their high level of stability in 
blood and other body fluids (103, 104). In many 
studies, circRNAs have been shown to have an 
important role in both the initiation and progres-
sion of different tumors like pancreatic cancer, 
and they can be used as a diagnostic and prog-
nostic biomarker (105). Li et al. demonstrated 
that circ-PDE8A (hsa_circ_0036627) was over-
expressed in pancreatic ductal adenocarcinoma 
cells and tissues, and high levels of circ-PDE8A 
were correlated with advanced TNM stage, ad-
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vanced lymphatic invasion, and a poor survival 
rate of patients with pancreatic ductal adenocar-
cinoma. Moreover, Circ-PDE8A acted as a com-
peting endogenous RNA (ceRNA) for miR-338 in 
order to regulate MACC1 and promoted the in-
vasion of pancreatic ductal adenocarcinoma cells 
through the MACC/MET/ERK or AKT signaling 
pathways (106). In another study by Huang et al., 
it was reported that circRNA_000864 is downreg-
ulated in pancreatic cancer tissues and cell lines. 
In addition, upregulated circRNA_000864 was 
shown to have anti-proliferative, anti-invasive, 
and anti-migratory effects in vitro and could in-
hibit tumor growth in vivo by upregulating BTG2 
and binding to miR-361-3p (107). CircRHOT1 
is an oncogenic circRNA that is upregulated in 
pancreatic cancer and causes tumor progression 
and invasion through sponging miR-26b, miR-
330, miR-125a, and miR-382 (108). Exosomal 
circ_0030167, derived from bone marrow mesen-
chymal stem cells (BM-MSCs), is downregulated 

in pancreatic cancer cell lines. Hence, it causes 
cell proliferation, invasion, metastasis, and stem-
ness of these cells through sponging miR-338-5p 
and targeting the wif1/Wnt 8/β-catenin pathway 
(109). The information that is currently available 
on some circRNAs involved in pancreatic cancer 
invasion is exhibited in Figure 3 and Table 3.

Stanniocalcin 2
Stanniocalcin 2 (STC2), an ortholog of fish 

stanniocalcins, is a glycosylated peptide hormone 
that regulates phosphate and calcium homeosta-
sis (113). STC2 is broadly expressed in various 
tissues and has been shown to have an import-
ant role in tumorigenesis and cancer progression 
in different organs (114). Lin et al. revealed that 
STC2 was highly overexpressed in pancreatic 
cancer. The increased expression level of STC2 
was correlated with bigger tumor sizes and lower 
5-year survival rates of patients with pancreatic 
cancer. Moreover, its expression was positively 

Figure 3. Dysregulated circRNAs involved in pancreatic cancer invasion
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Table 3. List of some circRNAs associated with pancreatic cancer invasion

correlated with in vitro proliferation, migration, 
and invasion (115). 

Conclusion and Future Perspectives
Several biomarkers related to pancreatic can-

cer invasion have been introduced. Among them, 
CA19-9, CA125, and noncoding RNAs, including 
microRNAs, long noncoding RNAs, and circu-
lar RNAs, are the most common ones and have 
been shown in many studies to have important 
roles in PC invasion and metastasis. Stanniocal-
cin 2 also promotes the invasion in pancreatic 
cancer. Because of their roles in the pancreatic 
cancer progression and poorer prognosis, target-
ing these markers in a clinical context may alle-
viate patients’ condition, improve their quality of 
life, and increase their survival rate in the future. 
Thus, more investigations are required to explore 
the mechanisms related to these markers in order 
to use them as novel therapeutic targets.
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