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Abstract

Background: Pancreatic cancer (PC) has a grim prognosis, and an early diagnostic biomarker has been highly desired. The
molecular link between diabetes and PC has not been well established. Methods: Bioinformatics screening was performed for
a serum PC marker. Experiments in cell lines (5 PC and 1 normal cell lines), mouse models, and human tissue staining (37 PC
and 10 normal cases) were performed to test asprosin production from PC. Asprosin’s diagnostic performance was tested
with serums from multi-center cohorts (347 PC, 209 normal, and 55 additional diabetic patients) and evaluated according to
PC status, stages, and diabetic status, which was compared with that of CA19-9. Results: Asprosin, a diabetes-related hor-
mone, was found from the bioinformatics screening, and its production from PC was confirmed. Serum asprosin levels from
multi-center cohorts yielded an age-adjusted diagnostic area under the curve (AUC) of 0.987 (95% confidence interval [CI]
¼0.961 to 0.997), superior to that of CA19-9 (AUC¼0.876, 95% CI¼0.847 to 0.905), and a cut-off of 7.18 ng/mL, at which the vali-
dation set exhibited a sensitivity of 0.957 and a specificity of 0.924. Importantly, the performance was maintained in early-
stage and non-metastatic PC, consistent with the tissue staining. A slightly lower performance against additional diabetic
patients (n¼55) was restored by combining asprosin and CA19-9 (AUC¼0.985, 95% CI¼0.975 to 0.995). Conclusions: Asprosin
is presented as an early-stage PC serum marker that may provide clues for PC-induced diabetes. Larger prospective clinical
studies are warranted to solidify its utility.

Pancreatic cancer (PC) is the fourth-leading cause of cancer-
related deaths in developed countries and has a very low 5-year
overall survival rate (<10%) (1,2). This dismal prognosis is at
least partly due to the silent but rapid progression of PC with
early metastasis. In fact, approximately 80% of PC cases are di-
agnosed at late stages (2,3). Therefore, the early enough detec-
tion of PC for resection is the most critical factor for better
prognosis, but progress in the field has been sluggish.
Contributing to the difficulty of early detection is the lack of reli-
able noninvasive diagnostic modalities or biomarkers.

Currently, the most widely used biomarker is CA19-9, but
mainly for assessing the treatment progress of confirmed PC
patients rather than for diagnosis (4,5). That is due to the unsat-
isfactory diagnostic sensitivity and specificity, 79%-81% and
82%-90%, respectively, and its natural absence in people with
certain Lewis antigen genotypes (5%-10%) (4,5). Therefore, a
sensitive and specific marker that can aid the early diagnosis of
PC has been highly desired.

One of the most universal manifestations of PC is impaired
glucose homeostasis or diabetes, and there is a bidirectional
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relationship between PC and diabetes (6,7). On one hand, there
is ample epidemiological evidence for increased PC risk (approx-
imately twofold) among people with diabetes (8,9). It has also
been suggested that the higher insulin level due to increased
blood glucose in diabetes might contribute to the progression
and survival of PC cells through insulin-like growth factor 1
(IGF-1) signaling (7). On the other hand, the prevalence of diabe-
tes (approximately 50%-68%) in PC is much higher than that in
other solid tumors (approximately 15%-21%) (10). Importantly,
pancreatectomy in PC patients with new-onset diabetes can im-
prove blood glucose control despite the large removal of pancre-
atic tissues (11). Therefore, it has long been suggested that
something from PC may impair glucose homeostasis, though
the molecular identity of the factor(s) is still elusive.

Asprosin is a proteolytic product from the C-terminal part of
profibrillin and is receiving growing interest as an adipose tis-
sue–secreted hormone with glucogenic and orexigenic activities
(12-14). People with a rare genetic deficiency of asprosin are ex-
tremely lean and exhibit low blood insulin with robust insulin
sensitivity (12). Asprosin enhances hepatic glucose output (12),
a main factor for increased fasting glucose in type 2 diabetes
(15), and high levels of asprosin have been found in diabetes
patients (16,17). It has been suggested that an asprosin antago-
nist might be a novel option against diabetes or insulin resis-
tance (14). However, the roles of asprosin in cancer or in the
relationship between PC and diabetes have not been defined.
Here, we discovered asprosin as a potential PC marker and
tested its performance in differentiating normal and PC groups,
including early-stage PC, with a multi-center cohort design. In
addition, in vitro and in vivo mouse experiments were per-
formed to determine its relevance to the link between PC and
diabetes.

Methods

For the detailed experimental procedures, please refer to the
Supplementary Methods (available online).

Study Design and Patient Cohorts

We obtained serum samples for the PC and normal groups from
a total of 11 hospital biobanks (total¼ 556, PC¼ 347, normal-
¼ 209). Written informed consent had been obtained from all
the donors by the biobanks. Therefore, a review exemption was
obtained from the institutional review board of Seoul National
University (reference number E2010/003–010). Of those, 6 hospi-
tals provided PC samples, 2 hospitals normal samples, and 3
hospitals both PC and normal samples (PC¼ 120, normal¼ 110).
Normal samples were from healthy donors without diabetes or
any cancer. Because the samples were from retrospective multi-
center cohorts, the sample acquisition and patient recruitment
were blinded to the authors and not biased by one particular
protocol. Because the biobanks were not aware of the study ob-
jective and the authors were not involved in the sample selec-
tion from the pools in each biobank, the sampling was as
heterogeneous as possible rather than controlled for clinical
variables except for the normal, cancer, and diabetic status.
Diabetes serum samples, based on clinical diagnosis, were sepa-
rately obtained from another hospital (n¼ 55). Among these, 50
patients had long-standing diabetes (�4 years), and the other 5
patients had 2 and more years of diabetic duration.

Bioinformatics Screening for PC Markers

The gene expression and the meta data for the screening were
downloaded from UCSC Xena website (The Cancer Genome Atlas
[TCGA] TARGET The Genotype-Tissue Expression [GTEx] cohort ,
dataset: gene expression RNAseq-RSEM expected_count [DESeq2]
standardized), version 2018–05-08, https://xenabrowser.net).
Cancer tissue data were from TCGA, and normal tissue data were
from both TCGA and GTEx. For PC, the number of cancer samples
was 179, and the corresponding normal samples were 169 (4
from TCGA and the others from GTEx). The number of normal
and cancer samples for all the other cancer types used in this
study is provided in Supplementary Table 1 (available online).

The bioinformatics screening strategy was designed to find a
protein with highly differential expression in PC vs normal (for
sensitivity) as well as PC vs all of the other 30 cancer types (for
specificity). It was applied to the pan-cancer and normal data-
bases with more than 60 000 genes and approximately 12 000
patient samples. Specifically, the candidate marker should
meet all the following conditions: 1) the median gene expres-
sion difference in PC vs normal tissues should be larger than 4
on the log2 scale (sensitivity criterion); 2) the condition in point
1 above should not be met in any other cancer types in the pan-
cancer TCGA (specificity criterion 1); 3) the median expression
in PC should be higher than in any other cancer types by at least
twofold (specificity criterion 2: 2 exceptions in cancer types
allowed to avoid 0 candidate); 4) the median gene expression
count should be at least 10 (noise criterion); and 5) the protein
should be secreted to blood (serum marker criterion).

Statistical Analysis

Descriptive statistical analyses, including Welch’s t test, Mann-
Whitney test, and ordinary 1-way analysis of variance (ANOVA),
and receiver operating characteristic (ROC) analysis were per-
formed using Prism (version 9.0.0, GraphPad Software, San Diego,
CA, USA). The sensitivity and specificity values were obtained us-
ing the shortest Euclidean distance approach on the ROC curve. R
(version 4.0.3) was used for multivariable logistic regression (glm
function) and the age-adjusted area under the curve (AUC) value
(package AROC with the non-parametric Bayesian inference). All
statistical tests were 2-sided, and P< .05 was considered statisti-
cally significant.

Results

Relevance of Asprosin as a Possible Serum Marker for PC

First, we performed bioinformatics screening with stringent cri-
teria to identify a highly sensitive and specific serum protein
marker for PC using the TCGA and GTEx databases. Among
more than 60 000 genes in approximately 12 000 patient samples
in the Xena sequencing data, only 1 met all of the criteria: FBN1
(Figure 1, A). FBN1 is a gene encoding the fibrillin family of pro-
teins, and the FBN1 protein is post-translationally cleaved to
yield an extracellular matrix protein fibrillin-1 (N-terminal 2731
residues) and asprosin (C-terminal 140 residues; Supplementary
Figure 1, A, available online). Interestingly, asprosin is a blood
hormone implicated in insulin resistance (16). Because diabetes
and PC are reciprocal risk factors, we focused on asprosin. The
expression level of asprosin was higher in the PC cell lines than
in a normal pancreatic cell line (Figure 1, B), and asprosin was
secreted to the cell media from PC cells (Figure 1, C). In mice,
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orthotopic transplantation of human PC cells (MIA PaCa-2) to
mouse pancreas led to a higher serum asprosin level (Figure 1,
D) as well as conspicuous staining in the cancer tissue (Figure 1,
E). In humans, staining in PC, noninvolved, and normal pancre-
atic tissues revealed that the asprosin level was higher in the PC
tissues (Figure 1, F and G). Notably, the staining did not differ
between early- (stage I and II) and late-stage (III and IV) PC, indi-
cating that the asprosin level increases even in early-stage PC
(Supplementary Figure 1, B, available online). Also, the staining
was not related to the tumor grade (grades 1, 2, and 3) in PC
(Supplementary Figure 1, C, available online). These results sug-
gest that asprosin is secreted from PC and is a potential early
marker for it.

Discrimination of PC and Normal Groups With Serum
Asprosin Concentration

To test the actual marker performance, we obtained serum
samples for both the PC and normal groups (PC, n¼ 347; normal,

n¼ 209; Table 1). Then, two-thirds of the samples were ran-
domly selected from each group and designated as the training
set (PC, n¼ 232; normal, n¼ 133), and the remaining one-third
from each group was designated as the validation set. The
asprosin concentration in the training set discriminated PC and
normal serum samples with high performance (AUC¼ 0.982,
95% CI¼ 0.971 to 0.993; cut-off value 7.18 ng/mL; Supplementary
Figure 2, A, available online). This cut-off value predicted the PC
status of the samples in the independent validation set with a
sensitivity of 0.957 and a specificity of 0.924 (Figure 2, A;
Supplementary Table 2, available online). For all of the samples,
the asprosin levels were higher in the PC group than in the nor-
mal group (mean [SD], normal¼ 3.38 [2.41] ng/mL vs PC¼ 13.0
[3.88] ng/mL; P< .001; see Figure 3, A below), and the ROC analy-
sis yielded an AUC of 0.984 (95% CI¼ 0.976 to 0.992; Figure 2, B).
The age-adjusted AUC value (0.987, 95% CI¼ 0.961 to 0.997)
(19,20) was not practically different from the unadjusted value,
and the possible effects of age are described in more detail in
the Discussion. Compared with CA19-9, asprosin exhibited a

Figure 1. Asprosin’s relevance as a possible serum marker for pancreatic cancer. A) Bioinformatics screening was carried out to find a serum marker for pancreatic can-

cer. FBN1 was identified after 5 steps of screening using The Cancer Genome Atlas and The Genotype-Tissue Expression databases consisting of 31 cancer types and

relevant tumor and normal samples from a total of approximately 12 000 patients. B) Immunocytochemistry staining was performed for asprosin in 5 pancreatic cancer

(PC) and 1 normal pancreas (HPNE) cell line (scale bar¼50mm). C) Asprosin levels were measured in cell culture media from B. Asprosin concentrations were deter-

mined by enzyme-linked immunosorbent assay (ELISA) after 48-hour incubation of 5 � 104 cells. D) Asprosin levels were measured in serums of control (n¼6) and

orthotopic xenograft cancer (n¼5) mice; 2-sided Mann-Whitney test was used because the number of samples for the continuous variable (asprosin concentration)

was not enough to guarantee normal distribution. Orthotopic xenograft cancer mice were generated by transplanting MIA PaCa-2 cells to the pancreas. Serum asprosin

concentrations were determined by ELISA. E) Representative asprosin immunohistochemistry of pancreas was performed from control and orthotopic xenograft can-

cer mice (scale bar¼25mm). F) Representative asprosin immunohistochemistry (IHC) of normal (n¼20, 10 cases) and PC tissues (n¼74, 37 cases) was performed from

human patients (scale bar¼25 mm). G) Scores of asprosin staining were obtained from the samples in F; 2-sided Mann-Whitney test was used, because the variable

(IHC score: 0, 1, 2, 3) was discrete and thus does not follow normal distribution. Asprosin staining was scored by 4 levels: 0 for none, 1 for weak, 2 for moderate, and 3

for strong staining. Data are presented as the mean 6 SD. PAAD ¼ pancreatic adenocarcinoma.
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Table 1. Demographic and clinical characteristics of patients

Sample
status AJCC stage (18)

No. of
samples, (%)

Training
set, No.

Validation
set, No.

Sex
Median age

(range), y
Median BMIa,

kg/m2Male Female

PC Total 347 (56.8) 232 115 231 116 66.0 (29-99) 21.9
IA 7 (1.1) 5 2 5 2 65.0 (55-77) 20.1
IB 6 (1.0) 4 2 3 3 70.0 (56-79) 24.5
IIA 18 (2.9) 12 6 10 8 66.0 (44-80) 22.7
IIB 80 (13.1) 53 27 55 25 65.0 (47-86) 22.6
Early-stage PC

(IA, IB, IIA, IIB)
111 (18.2) 74 37 73 38 65.0 (44-86) 22.7

III 13 (2.1) 9 4 9 4 67.5 (52-78) 21.2
IV 27 (4.4) 18 9 21 6 64.0 (47-80) 22.3
Unknown 196 (32.1) 131 65 128 68 69.0 (29-99) 21.7

Diabetes NA 55 (9.0) 37 18 31 24 55.0 (39-72) 24.7
Normal NA 209b (34.2) 133 66 113 96 36.0 (18-73) 23.1

aFor BMI, 1 out of 27 in PC stage IV, 13 out of 196 in PC with unknown stage, and 16 out of 209 in normal were excluded for data unavailability. AJCC¼American Joint

Committee on Cancer; BMI¼body mass index; NA¼not applicable; PC¼pancreatic cancer.
bAmong 209 normal samples, 199 samples were analyzed for asprosin, 207 samples were analyzed for CA19-9, and 197 samples were analyzed for both asprosin and

CA19-9 combined. Training and validation set measurements were performed only for asprosin.

Figure 2. Discrimination between the normal and pancreatic cancer (PC) groups with different stages and metastatic status using serum asprosin concentration.

A) Discrimination of normal (n¼66) and PC (n¼115) groups in the validation set with the cut-off value (7.18 ng/mL) from an independent training set was performed

using the shortest Euclidean distance method in the receiver operating characteristic (ROC) curve. B) ROC curve was obtained for serum asprosin in the entire cohort

(normal, n¼ 199; PC, n¼ 347). C) ROC curve and D) violin plot were drawn for serum asprosin in the normal vs early-stage PC group (normal, n¼ 199; early-stage PC,

n¼111); 2-sided Welch’s t test was used, because the number of samples for the continuous variable (asprosin concentration) was large enough (199 vs 111) for normal

distribution. E) Violin plot was drawn for serum asprosin in normal vs PC patients with regional lymph node metastasis N score (normal, n¼199; N0, n¼35; N1,2,3,

n¼108); 2-sided Welch’s t test was used. F) Violin plot was drawn for serum asprosin in normal vs PC patients with distant metastasis M score (normal, n¼ 199; M0,

n¼125; M1, n¼27); 2-sided Welch’s t test was used. Violin plots are presented with the median and quartiles. AUC¼area under the curve.
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superior AUC for the entire-patient analysis (CA19-9’s
AUC¼ 0.876, 95% CI¼ 0.847 to 0.905; Supplementary Figure 2, B,
available online). Overall, it seems that serum asprosin may be
suitable for use as a high-performance marker for PC.

Asprosin for Detecting Early PC

Detection of PC at an early stage is one of the most important fac-
tors for effective therapies and better prognosis. Therefore, se-
rum asprosin level was tested for its performance in
discriminating early-stage PC from normal samples. It effectively
differentiated the early-stage PC (American Joint Committee on
Cancer stage I þ II, n¼ 111) from the normal group with the AUC
value of 0.981 (95% CI¼ 0.970 to 0.992, sensitivity¼ 0.955, and spe-
cificity¼ 0.935; Figure 2, C). Asprosin levels were higher in early-
stage PC than in the normal group (mean [SD], normal¼ 3.38
[2.41] ng/mL vs early-stage PC¼ 12.6 [3.73] ng/mL, P< .001;
Figure 2, D). In addition, all of the subgroups (stage I, n¼ 13; stage
IIA, n¼ 18; stage IIB, n¼ 80) exhibited different asprosin levels
from that in the normal group (P< .001 for all; Supplementary
Figure 3, A, available online). Notably, no difference in asprosin
level was found between the early (stages I and II) and late
(stages III and IV; Supplementary Figure 3, B, available online)
stages. As for metastatic status, both the N0 (no lymph node me-
tastasis) and M0 (no distant metastasis) groups featured higher
asprosin levels than did the normal group (mean [SD], normal-
¼ 3.38 [2.41] ng/mL vs N0¼ 13.6 [3.89] ng/mL vs M0¼ 12.6 [3.73]
ng/mL; P< .001 for both comparisons to normal; Figure 2, E and
F). Moreover, the levels were not different within each N0 vs
N1,2,3 (N1,2,3¼ 12.4 [3.63] ng/mL, P¼ .11) or M0 vs M1 (M1¼ 13.4
[3.28] ng/mL, P¼ .31) comparison (Figure 2, E and F). Consistent
with the asprosin staining in tissues (see Supplementary Figure
1, B, available online), these results show that asprosin level is
high even in early-stage PC and in PC without metastasis, indi-
cating its utility as a marker for early-stage PC.

Discrimination of Diabetes and PC

As stated above, asprosin has been implicated in insulin resis-
tance in diabetes and may well be elevated in diabetes patients.
To test the performance of asprosin in the presence of a possible
confounding condition, diabetes, we measured asprosin levels in

an additional group of 55 diabetic patients. Asprosin’s level in
this diabetes group was higher than in the normal group (mean
[SD], normal¼ 3.38 [2.41] ng/mL vs diabetes¼ 6.07 [2.48] ng/mL vs
PC¼ 13.0 [3.88] ng/mL; P< .001) but lower than in the PC group
(P< .001; Figure 3, A), whereas its levels were not different
according to the diabetic status among the PC patients
(Supplementary Figure 4, A, available online). In addition, the
asprosin in the diabetes group was lower than those in both the
early- and late-stage PC groups (mean [SD], early-stage PC¼ 12.57
[3.74] ng/mL vs late-stage PC¼ 13.17 [3.43] ng/mL; P< .001 for
both; Supplementary Figure 4, B, available online). The discrimi-
nation between the PC and diabetes groups with the above train-
ing and validation set approach yielded an AUC of 0.935 (95%
CI¼ 0.898 to 0.972) and cut-off value of 9.63 ng/mL from the train-
ing set (Supplementary Figure 4, C, available online). This cut-off
value predicted the PC status of the independent validation set
with a sensitivity of 0.835 (96 of 115) and specificity of 0.944 (17 of
18) (Figure 3, B). Therefore, these comparison results exhibited a
higher cut-off and a slightly lower performance than those for
the normal vs PC comparison (Figure 2, A). In the case of the
early-stage PC and diabetes comparison, the performance was
again slightly lower (AUC¼ 0.925, 95% CI¼ 0.887 to 0.964;
Supplementary Figure 4, D, available online).

Along with our cell and mouse results, these results suggest
that asprosin, secreted by PC, may be correlated with PC-
associated diabetes. Given the decrease in asprosin’s perfor-
mance under diabetic conditions, we combined asprosin with
CA19-9, because the latter was found to be independent of dia-
betic status (P¼ .33 for normal vs diabetes; Supplementary
Figure 4, E, available online). On logistic regression with the 2
variables against PC status, the combination yielded improved
discrimination with a high AUC value of 0.985 (95% CI¼ 0.975 to
0.995; sensitivity¼ 0.954 and specificity¼ 0.964, both asprosin
and CA19-9 as continuous variables; Figure 3, C). In the sub-
group discrimination between diabetes vs early-stage PC, too,
the combination achieved a high AUC of 0.979 (95% CI¼ 0.961 to
0.998; Supplementary Figure 4, F, available online), indicating its
utility for early-stage PC cases with diabetes.

Consideration of Age in the Analysis

It must be mentioned that the PC group was older (median
age¼ 66 years) than the normal group (median age¼ 36 years) in

Figure 3. Discrimination between pancreatic cancer (PC) and diabetes patients with serum asprosin concentration. A) Violin plot was drawn for serum asprosin levels

in normal, diabetic, and PC patients (normal, n¼199; diabetic, n¼55; PC, n¼347); 2 -sided Welch’s t test was used. Violin plots are presented with the median and

quartiles. B) Discrimination of normal (n¼18) and PC (n¼115) groups in the validation set with the cut-off value (9.63 ng/mL) from an independent training set was

performed using the shortest Euclidean distance method in the receiver operating characteristic (ROC) curve. C) ROC curve was obtained for the combination of serum

asprosin and CA19-9 in diabetes vs PC comparison. Logistic regression was used for asprosin and CA19-9 as continuous variables. The resulting probability variable

was used to construct the ROC curve.
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our cohorts, which, at first glance, could seem problematic re-
garding the interpretation of asprosin’s performance. The fol-
lowing analysis, however, shows that the effects of age should
be negligible, if at all. First, the asprosin level exhibited statisti-
cally nonsignificant or even negative correlations with age in
each of the normal (Pearson r¼�0.21, P¼ .004), diabetes
(Pearson r¼ 0.21, P¼ .12), and PC (Pearson r¼�0.02, P¼ .70)
groups (Supplementary Figure 5, available online). Therefore,
the asprosin level should be the same or even lower in older
people, if age affected the asprosin levels. Second, an analysis
for the partial correlation between age and asprosin levels,
while controlling for the effect of PC status , did not yield any
statistical significance (Pearson r¼�0.072, P¼ .09). Third, the
age-adjusted AUC value (0.987) (19) was essentially nondifferen-
tiable from the original AUC without age adjustment (0.984).
Finally, an ROC analysis of the subset of the entire cohort of
matched age (normal: n¼ 81 with a median age of 53 years; PC:
n¼ 116 with a median age of 55 years; P¼ .40) gave an AUC value
of 0.985 (95% CI¼ 0.972 to 0.999; Supplementary Figure 6, avail-
able online), essentially the same as the value for the entire co-
hort (AUC¼ 0.984). Overall, the higher asprosin level in the PC
group should not simply be due to the higher age of the group,
and the confounding effect of age on AUC is almost nonexistent
and therefore can be disregarded for the practical purposes of
PC diagnosis with asprosin.

Discussion

In any cancer biomarker study, there is always a possibility of
the suggested biomarkers being present in other cancers, which
can undermine their specificity. We therefore applied stringent
specificity criteria to our bioinformatic screening by including
all of the 31 major types of cancer. Also supporting the specific-
ity of asprosin is a recent study that found a lack of any statisti-
cally significant difference in asprosin levels among gastric,
colorectal, non-small cell lung, small cell lung, and esophageal
cancers (21). In addition, asprosin levels were not different be-
tween gastric cancer and gastritis (normal control) (21).

A proteolytic enzyme called furin cleaves profibrillin to gen-
erate FBN-1 and asprosin (12). Still, furin and FBN-1 are neces-
sary but not sufficient for asprosin secretion, and they are
expressed in a wide range of tissues (12,22). This makes the pre-
diction of asprosin secretion based on furin and FBN-1 expres-
sions difficult. Initially suggested as being secreted from
adipose tissue (12), asprosin has also been found to be secreted
from skin fibroblasts (12), pancreatic beta cells (23), and salivary
gland cells (24), and its level is elevated in patients with polycys-
tic ovarian syndrome (25). Therefore, asprosin secretion should
be experimentally validated in individual tissues, and in fact,
the associated mechanism is an active area of research (14). Our
bioinformatics screening was not intended for proving a causal
relationship between FBN1 and asprosin secretion; instead, it
provided a correlational clue that needed to be tested, which we
confirmed in human PC cells both in vitro and in vivo.

Asprosin’s superior performance as a single marker for
early-stage PC (AUC¼ 0.981) relative to others such as CA19-9
(AUC¼ 0.861; Supplementary Figure 3, C, available online) or
thrombospondin 2 (AUC¼ 0.887) (26) is also noteworthy. Several
studies have suggested multi-marker profiles due to the unsat-
isfactory sensitivity of individual markers (27-29), often without
the assurance of their secretion from PC. The benefits of a high-
performance single biomarker are evident: low cost and high
convenience in measurement; a simple cut-off value for clinical

practice; possible application to a simple diagnostic kit. Still,
even a near-perfect biomarker would not be recommended for
screening of the general public due to the very low incidence of
PC (6). Therefore, people with high lifetime risk of PC, such as
those with germline mutations, smokers, or those with first-
degree PC relatives (26), may best benefit from asprosin. If high-
risk patients also have long-term diabetes, the combination
with CA19-9 should be given due consideration.

Asprosin has been known to be secreted from adipose tissue
and to be implicated in the role of adipose tissue in insulin resis-
tance (12). Asprosin secretion from PC, shown here with cells,
mouse models, and human tissues, is consistent with intriguing
observations of improved glucose control on pancreatectomy in
some PC patients (11). The exact mechanism of this, however,
requires further investigation. Because lipoatrophy, loss of fats, is a
well-known manifestation of cachexia found in 70%-80% of PC
patients (30), the even higher level of asprosin in PC than in the dia-
betes group, in this study, suggests that the major source of aspro-
sin in PC patients is PC itself rather than adipose tissue. Because PC
is highly nutrient avid and glycolytic (31), PC cells might produce
asprosin to exploit hepatic glucose output and insulin resistance to
meet their own nutritional needs. These possible inter-organ
effects and the exact roles of asprosin in PC-associated diabetes
should be interesting subjects for future studies.

The limitations of this study include the time dependence of
serum asprosin level (12) and several possible confounding con-
ditions. Polycystic ovarian syndrome (25) or other pancreatic
conditions such as chronic pancreatitis (32) and intraductal
papillary mucinous neoplasm are associated with diabetes and,
therefore, might exhibit high asprosin levels. For chronic pan-
creatitis, insulin-like growth factor (IGF)-1 (33) or other bio-
marker signatures (28) have been proposed for differentiation
from PC and therefore could be used with asprosin. The multi-
center retrospective design of this study also has up- and down-
sides that need to be considered in future, more-targeted stud-
ies. The downsides include limited information on clinical
characteristics and the effects of potentially confounding varia-
bles, whereas the upsides include nonbiased sampling protocol,
blinded patient recruitment, and a relatively large number of
samples. With these limitations, our study does provide a
promising serum biomarker for early-stage PC with an implica-
tion in PC-associated diabetes.
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