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Introduction

Pancreatic Cancer (PC) is the seventh leading cause of can-

cer death at 4.7% worldwide [1]. Moreover, it is a highly lethal
malignancy with less than 10% of a five-year survival rate. The
poor prognosis of PC is attributed to the fast progression, early
metastasis, lack of dependable biomarkers for early detection,
and the fact that it is asymptomatic [2,3]. CA19.9, as a tumor-
specific antigen, is the most commonly used tumor biomarker
for the detection of pancreatic cancer [4]. However, an elevated
expression of CA19.9 also appears in other types of gastroin-
testinal cancers and various benign diseases such as pancreati-

Abstract

The aim of the study is to evaluate the clinical significance of
autoantibodies to GNA11, MSLN, GNAS, CEBPA, MDM2, p16, Suil,
Calnuc, PTEN in Pancreatic Cancer (PC). A total of 33 sera from PC
patients and 45 sera from Normal Controls (NC) were enrolled to
measure nine autoantibodies by Enzyme-Linked Immunosorbent
Assay (ELISA). Multiple parameters in individual or combination
forms were applied for evaluation. The level of all autoantibod-
ies except anti-GNAS and anti-Calnuc was significantly higher in PC
patients than that in normal controls. Significantly increased fre-
quencies were found for four autoantibodies to MSLN, p16, PTEN
and Suil at 75.8%, 66.7%, 30.3% and 27.3% compared to normal
controls (4.9%). The ability of these autoantibodies to distinguish
PC patients from normal controls reflected by the area under ROC
curve (AUC) ranged from 0.666 to 0.884, with anti-p16 (0.884 of
AUC) and anti-MSLN (0.857 of AUC) showing the strongest diag-
nostic performance. The combination of anti-MSLN and anti-p16
could improve the diagnostic sensitivity. In addition, two autoan-
tibodies to MSLN and Suil in PC patients decreased after chemo-
therapy. Four autoantibodies to MSLN, p16, Suil, PTEN showed
potential diagnostic markers for pancreatic cancer, with anti-MSLN
and anti-p16 in best performance. The combination of these two
autoantibodies showed the most economical and practical poten-
tial. The significance of the reduction of autoantibodies to MSLN
and Suil in PC patients who were subjected to chemotherapy
needs to be further explored.

tis and is thus not specific for pancreatic cancer [5]. The novel
circulating biomarkers including serological signatures, auto-
antibodies, epigenetic markers, circulating tumor cells and mi-

croRNAs were demonstrated to be used as potential tools for
the screening of precursors and early stage Pancreatic Ductal
Adenocarcinoma (PDAC), but they need to be practiced in clini-
cal application [6].

Given the fact that autoantibody, as one of novel circulat-
ing biomarkers, is produced accompanying the development of
cancer, the autoantibody is called Tumor Associated Autoanti-
body (TAAb) [7]. Elevation of autoantibodies occurs before the
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corresponding antigen could be detected in serum, and it acts
as biological amplifiers yielding more molecules and increasing
the detectable signal through the antigen-antibody reaction
[8,9]. This gives the potential for autoantibodies to be used as
biomarkers for tumor diagnosis or prognosis [10]. Many auto-
antibodies have been detected in patients with various types of
cancer including PC and identified as potential biomarkers for
the diagnosis of these tumors [2,9]. The mechanisms by which
autoantibodies are produced with the development of cancer
are complex and difficult to understand. The immune system
may initate immunologic processes causing autoantibody pro-
duction in response to mutations, overexpression and modifica-
tion of proteins, altered antigen folding, aberrant degradation,
and so on [11]. Tumor is a unique molecular entity originally
from malignant transformation of normal cells, and this trans-
formation process is driven by mutations in multiple genes
[12]. Different tumors are caused by mutations in not the same
genes, involving different numbers of mutated genes. Tomasetti
reported that three driver gene mutations are required for the
development of some common cancer types such as lung and
colorectal cancer [13]. These previous findings suggested that
tumorigenesis process involve multiple genes, and the protein
encoded by a single mutated gene or autoantibody correspond-
ing to a single target protein as a tumor biomarker is not ef-
fective enough to detect cancer due to a low positive rate in
most cases. Additionally, tumors are highly heterogeneous even
for a single type of cancer [14]. Therefore, the development of
panels of multiple autoantibodies against a variety of Tumor
Associated Antigens (TAAs) may provide better sensitivity and
specificity, making this approach more feasible for use in im-
munodiagnosis of cancer [15]. Moreover, a growing number of
studies employ combination of multiple autoantibodies, and
this strategy does increase the sensitivity of cancer detection
[16].

In this study, autoantibodies to nine proteins TAAs including
Guanine Nucleotide-Binding Protein Subunit Alpha-11 (GNA11),
Mesothelin (MSLN), Guanine Nucleotide Binding Protein, Alpha
Stimulating (GNAS), CCAAT/Enhancer-Binding Protein Alpha
(CEBPA), Murine Double Minute 2 (MDM2), Cyclin-Dependent
Kinase Inhibitor 2A (CDKN2A or P16), eukaryotic translation ini-
tiation factor 1 ( elF1 or Suil), nucleobindin (Calnuc), Phospha-
tase and Tensin homolog (PTEN) which were previously studied
in othertypes of cancer [17-22] were detected by Enzyme-Linked
Immunosorbent Assay (ELISA) in serum samples from pancre-
atic cancer patients and normal controls, as well as serum sam-
ples collected before and after chemotherapy, with the follow-
ing objectives: (1) whether the autoantibodies corresponding to
the nine target proteins have positive reactions in PC patients;
(2) the evaluation of the performance of individual autoanti-
bodies and the combination of multiple autoantibodies in the
detection of PC; (3) the observation of dynamic changes of the
autoantibodies in PC patients before and after chemotherapy.

Materials and methods
Patients and samples

In the study, 33 serum samples from patients with Pancre-
atic Cancer (PC) and 45 serum samples from normal controls
were obtained from the serum bank of Cancer Autoimmunity
Research Laboratory at the University of Texas at El Paso (UTEP).

The PC patients without surgical resection of tumors underwent
treatment with chemotherapy. Sera were collected before and
after chemotherapy. Of 33 PC patients, 16(48.5%) were male,
and 17(51.5%) were female. Mean age was 6319 years (range,
44-82 years). Of 45 normal control sera, 13(28.9%) were male,
and 32(71.1%) were female. Mean age was 51+16 years (range,
28-82 years). Normal controls had no obvious evidence of malig-
nancy and autoimmune diseases. Written informed consent has
been obtained from all participants. The study was approved by
the Institutional Review Board of University of Texas at El Paso.

Recombinant proteins and ELISA

All serum samples were detected by ELISA for autoantibod-
ies to nine recombinant proteins GNA11, MSLN, GNAS, CEBPA,
MDM?2, P16, Suil, Calnuc, PTEN. The recombinant proteins of
MSLN, GNA11, CEBPA and PTEN were purchased from LD Bio-
pharma Inc (San Diego, CA, USA), GNAS recombinant protein
was purchased from Avive Systems Biology (USA), and the
fourth rest recombinant proteins were purified by our research
team members in our laboratory. The full length of p16 cDNA
was amplified by RT-PCR from human Hela cells, and was sub-
cloned into the pGEX vector expressing p16 with Glutathione S
Transferase (GST) fusion. The GST gene fusion system was used
for the expression and purification of p16 recombinant protein.
The full-length cDNAs of Suil and Calnuc obtained from PCR
were subcloned into the pET28 expression vector producing a
fusion protein with N-terminal 6x histidine and T7 epitope tags.
MDM?2 construct pGEX4T MDM2 WT (plasmid ID: 16237). The
recombinant proteins were expressed in E. coli BL21 (DE3) and
purified using nickel column chromatography. The protocol was
performed as described (Qiagen Inc., Valencia, CA). The purified
recombinant proteins were examined by SDS-PAGE. Nine Puri-
fied recombinant proteins were diluted in Phosphate-Buffered
saline (PBS) to a final concentration of 1.0 ug/ml for coating
onto a 96 well microtiter plate (Fisher Scientific LLC, Denver,
CO, USA). Human sera diluted at 1:200 were incubated in the
antigen-coated wells. Horseradish peroxidase (HRP)-conjugated
goat anti-human IgG (Invitrogen, Frederick, MD, USA) and the
substrate 2, 2'-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid)
diammonium salt (Alfa Aesar, Ward Hill, MA, USA) were used
as detecting reagents. Detailed procedure was seen in previous
study [23]. The Optical Density (OD) value of each well was read
at 405 nm.

Statistical analysis

Receiver Operating Characteristic (ROC) curves and the Area
Under the ROC Curve (AUC) with sensitivity and specificity to-
gether were used to evaluate the diagnostic value of each au-
toantibody. The cut-off value was defined as the corresponding
point of the largest Youden index, while the minimum specific-
ity is more than 90.0% for data analysis. Non-parametric Mann—
Whitney U test and Pearson Chi-square test were used for the
significance analysis in level and frequency among two groups.
The Wilcoxon signed-ranks test was applied for the comparison
of autoantibodies in PC patients before and after chemotherapy.

Results
Autoantibody response to nine TAAs in PC patients

To explore the possibility of the nine individual autoantibod-
ies as potential biomarkers in PC, Enzyme-Linked Immunosor-
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bent Assay (ELISA) was performed to evaluate autoantibodies
against GNA11, MSLN, GNAS, CEBPA, MDM2, p16, Suil, Calnuc
and PTEN in 33 sera from PC patients and 45 sera from normal
controls. As shown in the light scatter plots in Figure 1, positive
reactivity of autoantibodies to all TAAs except CEBPA and Cal-
nuc in PC patients was significantly stronger than that in normal
controls. Based on ROC curve analysis showing in Figure 2, the
AUCs of the seven autoantibodies ranged from 0.666 to 0.884.
Autoantibodies to p16 and MSLN showed the best diagnostic
performance with AUC at 0.884 and 0.857, respectively. While
the minimum specificity was set at 91.1%, the corresponding
point of the largest Youden index was defined as the cutoff val-
ue in which the frequency of autoantibodies to nine TAAs in PC
patients was ranged from 15.2% to 75.8%. As shown in Figure 3,
the frequencies of four autoantibodies to MSLN, p16, Suil and
PTEN in PC patients were significantly higher than those in nor-
mal controls (P<0.05). Among the four TAAbs, anti-MSLN and
anti-p16 yielded the highest positive rates of 75.8% and 66.7%
in PC patients (P<0.05), respectively.
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Figure 1: Expression levels of autoantibodies to nine TAAs i
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Figure 3: Performance of autoantibodies to nine TAAs in PC. NC,
normal controls. The cut-off value was defined as the correspond-
ing point of the largest Youden index, while the minimum specific-
\ity is more than 90.0%. *, P<0.05, **, P< 0.01.

Combination of autoantibodies

The combination of multiple autoantibodies might acquire
higher sensitivity for the detection of cancer. Therefore, in or-
der to understand if the combination of multiple autoantibod-
ies could enhance their detection sensitivity in PC, we tried to
combine the four autoantibodies that were significantly differ-
ent from normal controls in both serum level and positive rate.
With the successive addition of TAAs to a final total of four an-
tigens, there was a stepwise increase in positive autoantibody
reactions reaching a sensitivity of 81.8% and a specificity of
77.8% in PC patients (Table 1). Taking into account the overall
performance, the combination of anti- MSLN and anti-p16 au-
toantibodies was an optimal panel by reaching the sensitivity
of 78.8% and specificity of 82.2%, with an increase compared
to a single autoantibody alone. The Positive Predictive Value
(PPV), Negative Predictive Value (NPV) and Youden’sindex for
this combination were 83.5%, 79.9% and 0.6, respectively.
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Figure 2: Performance of autoantibodies to nine TAAs in PC. AUC,
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Antigens Se | Sp Yl FP | FN PPV NPV LR+ | LR-
1 MSLN 75.8191.10.7/ 89 25.0/89.4/ 785 84 0.3

2 MSLN or P16 78.8/84.40.6/15.6 21.2/83.5/79.9| 5.1 0.3

3 MSLN or P16 or PTEN 78.882.2/0.6 17.8 21.2 /181.6 79.5 4.4 0.3

4MSLN or P16 or PTEN or Suil 81.8/77.8/0.6 22.2 18.2 78.7 81.0 3.7 0.2

Se: Sensitivity = positive/Number of HCC cancer.
Sp: Specificity = positive/Number of NC.

FP: False Positive = 1-Sp.

FN: False Negative = 1-Se.

PPV: Positive Predictive Value = Se/(Se + FP).
NPV: Negative Predictive Value = Sp/(FN + Sp).
LR+: Positive likelihood Ratio = Se/(1-Sp).

LR-: Negative likelihood Ratio = (1-Se)/Sp.

Nine autoantibody detection before and after chemother-
apy

Nine autoantibodies to GNA11, MSLN, GNAS, CEBPA, MDM2,
P16, Suil, Calnuc, PTEN were also evaluated in 66 serial sera
from 33 PC patients who underwent chemotherapy in this
study. The results showed that seven autoantibodies in serum
level showed a downward trend and only two of them in serum
level significantly decreased in one month after chemotherapy,
which were anti-MSLN and anti-Suil (P<0.001, Table 2). Figure
4 displayed the changing trend of autoantibodies to MSLN and
Suil in PC patients before and after chemotherapy. Autoanti-
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bodies to MDM2 and p16 exhibited an upward tread without
significant difference before and after chemotherapy.
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Figure 4: Suil and MSLN autoantibody level before and after treatment.
\\ BT: Before Treatment; AT: After Treatment. J
[ . - A
| Table 2: Comparison before and after chemotherapy for 9 autoantibodies. /w
Before chemotherapy After chemotherapy
NO. of samples Median SD NO. of samples Median SD P Value
GNA11 33 0.439 0.269 33 0.408 0.257 0.823
MSLN 33 0.138 0.077 33 0.1 0.062 0.011
GNAS 33 0.334 0.143 33 0.309 0.226 0.348
CE-BPA 33 0.198 0.118 33 0.186 0.152 0.195
MDM2 33 0.305 0.256 33 0.412 0.194 0.755
plé 33 0.112 0.106 33 0.131 0.101 0.611
Suil 33 0.426 0.178 33 0.372 0.149 0.048
Calnuc 33 0.205 0.12 33 0.184 0.101 0.175
PTEN 33 0.248 0.161 33 0.225 0.118
Discussion the result demonstrated that anti-MSLN and anti-Suil autoanti-

In view of the low incidence of pancreatic cancer in the
whole population, difficulty in early detection and effective
treatment, and limited survival time, it is not easy to obtain a
large size of serum samples from patients with pancreatic can-
cer. In this study, nine autoantibodies in sera from 33 patients
and 45 normal controls were evaluated. Seven autoantibodies
(GNA11, MSLN, CEBPA, MDMZ2, p16, Suil and PTEN) in level in
pancreatic cancer group were higher than those in the normal
control group, and the frequencies of the 4 autoantibodies
(MSLN, p16, Suil and PTEN) were significantly higher in the
pancreatic cancer group than those in the normal control group.
These four autoantibodies also displayed the most diagnostic
efficacy reflected by AUC, which is consistent with their positive
rates. Among the four identified TAAbs, anti-MSLN and anti-p16
showed the best diagnostic performance with 75.8% of fre-
quency and 0.857 of AUC, 66.7% of frequency and 0.884 of AUC
alone, respectively. When combined the four autoantibodies to
MSLN, p16, Suil and PTEN as a panel, the sensitivity of the com-
bination did not increase a lot, which suggests that these four
PC-related antigens corresponding to TAAbs included in the
panel may highly be correlated in the role of triggering the pro-
duction of autoantibodies. The detection of nine autoantibod-
ies in serial sera from PC patients before and after chemothera-
py was performed for exploring the change of TAAbs in level,

bodies significantly decreased in PC patients after chemothera-
py. The development and progression of pancreatic cancer over
a long time period is closely associated with the activation of
oncogenes, inactivation of tumor suppressor genes, and so on
[6]. Among the Tumor Associated Antigens (TAAs) correspond-
ing to the autoantibodies detected above, there are four pro-
teins encoded by oncogenes (MSLN, GNS11, GNAS and MDM2),
four proteins encoded by tumor suppressor genes (CEBPA, p16,
Suil and PTEN), one protein which is a tumor-associated anti-
gen is encoded by Calnuc geneand its genetic property has not
yet been characterized. Mesothelin (MSLN) is highly expressed
in some solid tumors, including Ovarian Cancer (OC), PC, meso-
thelioma, and plays an important role in cell adhesion, tumor
progression, metastasis, and chemo-resistance [24]. The high
expression of MSLN in OC tissues and elevation of MSLN in OC
patient sera endow it as a relatively specific marker for the diag-
nosis of ovarian cancer [25]. In pancreatic cancer, MSLN protein
overexpression leads to PC cell proliferation and tumor progres-
sion [26]. However, the serum level of MSLN is not consistent
with tumor MSLN. MSLN protein is highly expressed in most PC
tissues, not elevated in PC patient sera [27]. Guanine nucleo-
tide-binding protein subunit alpha-11 (GNA11) functions as
modulators or transducers in various transmembrane signaling
systems. GNA11 and GNAQ gene mutations are involved in the
process of carcinogenesis by resulting in the activation of down-
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stream signaling pathways [28]. GNAS is a member of the same
family as GNA11, its mutations are found in a wider range of
malignancies [29]. GNAS are more frequently mutated in well-
differentiated pancreatic tumors than in poorly differentiated
pancreatic cancer [30]. As a transcriptional activator, Murine
Double Minute 2 (MDM2) functionally cooperates with Numb
and p53 and is involved in the development and progression of
PC [31]. CCAAT Enhancer Binding Protein Alpha (CEBPA) cooper-
ates with KDM6B and plays an important role in Pancreatic Duc-
tal Adenocarcinoma (PDAC) phenotype [32]. p16/CDKN2 (Cy-
clin-Dependent Kinase Inhibitor 2) as a tumor suppressor gene
plays an important role in the inhibition of the cell cycle and is
involved in the development of pancreatic intraepithelial neo-
plasia [33]. The loss or reduced expression of p1l6 protein was
observed in 80% of PC patients [34]. Moreover, a study indicat-
ed that the expression of p16 gene in pancreatic cancer tissue
was negatively correlated with differentiation degree and clini-
cal stage [35]. Suil/ Eifl (Eukaryotic translation initiation factor)
maintains cell proliferation and cell cycle progression [36]. The
down-regulation of Suil protein observed in PDAC tissues sug-
gested the important role of Suil in the development of PDAC
[37]. Phosphatase and Tensin Homolog (PTEN) generally pre-
vents tumorigenesis through multiple signaling pathways in-
cluding PI3K/AKT pathway which is closely associated to the
tumorigenesis and progression of PC [38]. As one of the most
frequently mutated or deleted genes in human cancers, PTEN
mutation and deletion activate this pathway, leading to cancer-
ization of the cells [39]. As a calcium binding protein, downregu-
lation of Calnucwas associated with short survival of PDAC pa-
tients. Up-regulation of Calnuc can suppress proliferation and
promote the anti-tumor effects of gemcitabine in pancreatic
cancer cells in vitro and in vivo [40]. All targeted proteins except
GNA11 included in this study were indicated to be closely re-
lated to the development of PC. As far as we know, except MSLN
protein, the levels of the other 8 targeted proteins in serum
from PC patients have not been reported. Moreover, the MSLN
protein was only increased in the PC tissues, rarely elevated in
sera from PC patients. Therefore, the MSLN protein cannot be
used as a marker for real detection of PC. Even though some
targeted proteins or their corresponding genes are differentially
expressed between PC tissues and normal or precancerous tis-
sues, they are still not of much value in practical operation due
to difficulty in obtaining PC tissue samples. However, if autoan-
tibodies against these target proteins are significantly elevated
in the serum of patients with pancreatic cancer, they have a
relatively large application value for the diagnosis of PC. Among
the nine autoantibodies detected in our study, there are four
autoantibodies with positive response to MSLN, p16, Suil and
PTEN in PC patients reflected in both serum level and frequen-
cy. The highest autoantibody responses to MSLN and p16 were
observed with 75.8% and 66.7% of frequencies in PC patients
across 4 TAAbs. MSLN is a well-characterized ovarian cancer an-
tigen, and the elevation of its corresponding autoantibody was
reported in the most of patients with Ovarian Cancer (OC), sug-
gesting both MSLN protein and its corresponding autoantibody
are specific markers for OC [41]. Anti-MSLN antibody in combi-
nation format has been used for the immunotherapy in a vari-
ety of mesothelin-expressing solid tumors [42]. Moreover, there
are many reports on this topic. However, there are few reports
on the use of autoantibody to MSLN as a potential diagnostic
marker of pancreatic cancer. Such a high sensitivity of autoanti-
body to MSLN (75.8%) in PC patients is reported for the first
time in this study. Also, anti-MSLN autoantibody showed high
AUC value at 0.857 to discriminate PC from controls. As a single

marker, autoantibody to MSLN displayed the greatest potential
to become the most attractive candidate to enter the optimal
combination developed in the future for PC detection. The ele-
vation of autoantibody to p16 has been reported as either early
detection or prognostic marker in multiple malignancies such as
breast, esophageal, nasopharyngeal, esophageal and hepato-
cellular carcinoma [43], rarely in PC. One study with multiple
TAADbs including anti-p16 in PC patents indicated that autoanti-
body to p16 showed the highest sensitivity (30.4%) in PC pa-
tients across 6 TAAbs ( P53, p16, p62, Survivin, IMP1) [16], in
which, the performance of anti-p16 is similar to that in our cur-
rent study. Anti-Suil is [23,9] the most frequently detected and
evaluated autoantibody in HCC and Okada’s study showed the
highest sensitivity for the detection of HCC among six autoanti-
bodies [21]. However, no report has been seen in PC, thus auto-
antibody to Suil is a newly discovered marker for the detection
of PC. In Kuemmel’s study, the autoantibody reactivity to PTEN
in lung cancer patients was associated with increased survival
and lower frequency of metastasis, thus seemed to be a prog-
nostic marker [44]. Elevation of autoantibody to PTEN was also
reported in esophageal and gastric cancer [45,46], The occur-
rence of anti-PTEN has not been reported in PC patients. This
study investigated for the first time the occurrence and preva-
lence of anti-PTEN in PC patients. 30.3% of PC patients had pos-
itive serological response to PTEN, suggesting that it may be a
potential biomarker in the detection of PC.

Since the development and occurrence of cancer is a com-
plex process involving multiple steps and factors, no single
marker can give enough high sensitivity and specificity to com-
pletely distinguish cancer patients from normal controls [4,5].
Increasing researches focus on the discovery of combination
of multiple markers with greater efficacy and clinical utility [2].
Many combinations consisting of multiple autoantibodies were
discovered for PC diagnosis, a representative combination in-
cluding 6 autoantibodies to p53, p16, p62, survivin, Koc and
IMP1 in PC enhanced their individual sensitivity (ranging from
14.7% to 30.4%) to 60.9% at specificity of 87.0% [16]. Two new-
ly discovered combinations of 4 TAAbs with AUC of a range from
0.76 to 0.80 in Zhuang’s study also enhanced their diagnostic
performance reflected by increasing AUC at 0.82 in discriminat-
ing PC patients from normal controls [47]. In our current study,
the individual sensitivity of 4 differentially expressed TAAbs var-
ied from 27.3 to 75.8%. When they were combined in differ-
ent combinations with the successive addition of TAAbs one by
one to a final total of four TAAbs, there was a stepwise increase
of sensitivity reaching different high values. From an economic
and practical point of view, the combination of anti-MSLN and
anti-p16 with sensitivity of 78.8% and specificity of 84.4% was
found to be the best one across three different combinations.
A previous study has shown that the dynamic changes of se-
rum autoantibodies can reflect the burden and status of tumor
in patients [48]. Hardy-Werbin M., etal. mentioned a concept
that the removal of immunogen is linked with a decrease in
autoantibody level, moreover, his study found that the cancer
patient whose autoantibody titer decreased after treatment,
had longer overall survival, suggesting that the autoantibody
may be considered as prognostic markers [49]. In the present
study, all 33 pancreatic cancer patients were subjected to che-
motherapy. To explore the changes of nine autoantibody lev-
els in these PC patients after chemotherapy, pair-wise analysis
were performed. Of nine autoantibodies tested in PC patients,
anti-MSLN and anti-Suil in serum levels significantly decreased
after chemotherapy, showing a similar changing trend as those
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of autoantibodies in both studies above. This may be due to
some biological processes triggered by chemotherapy, killing
some tumor cells that produce and release antigenic proteins
or some immune cells that secrete autoantibodies in the tumor
microenvironment. This finding also suggests that these two au-
toantibodies might be related to the prognosis of PC patients.

Conclusion

In summary, autoantibody-positive reactions to MSLN, p16,
Suil, and PTEN were detected in PC patients, and anti-MSLN and
anti-p16 with the best diagnostic performance may become the
candidate members of the best combination to be established
in the future. The significance of the reduction of autoantibod-
ies to MSLN and Suil in PC patients after chemotherapy might
be worthy of further study with a large sample size.
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