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Abstract
Purpose  LAPTM4B is upregulated in a wide range of cancers associated with poor prognosis. However, the clinical impact 
of LAPTM4B as diagnostic and prognostic marker in pancreatic ductal adenocarcinoma (PDAC) remains unknown. Thus, 
the aim of the present study was to investigate the expression of LAPTM4B as circulating marker in PDAC.
Methods  Expression analysis of LAPTM4B-35 in pancreatic tissue and preoperative blood serum samples of 169 patients 
with PDAC UICC Stages I–IV (n = 98), chronic pancreatitis (n = 41), and healthy controls (n = 30) by immunohistochem-
istry, Western blot, and ELISA. Descriptive and explorative statistical analyses of LAPTM4B-35’s potential as diagnostic 
and prognostic marker in PDAC.
Results  Expression of LAPTM4B-35 was significantly increased in tumor tissue and corresponding blood serum samples 
of patients with PDAC (each p < 0.001) and it could well discriminate PDAC from healthy controls and chronic pancreatitis 
(p < 0.001; p = 0.0037). LAPTM4B-35 in combination with CA.19-9 outperforms the diagnostic accuracy with an AUC of 
0.903 (p < 0.001), sensitivity of 82%, and specificity of 92%. Kaplan–Meier survival analysis revealed an improved overall 
survival in PDAC UICC I–IV with low expression of circulating LAPTM4B-35 (17 versus 10 months, p = 0.039) as well 
as an improved relapse-free survival in curatively treated PDAC UICC I–III (16 versus 10 months; p = 0.037). Multivariate 
overall and recurrence-free survival analyses identified LAPTM4B-35 as favorable prognostic factor in PDAC patients (HR 
2.73, p = 0.021; HR 3.29, p = 0.003).
Conclusion  LAPTM4B-35 is significantly deregulated in PDAC with high diagnostic and prognostic impact as circulating 
tumor marker.
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Background

Pancreatic ductal adenocarcinoma (PDAC), as one of the 
most lethal solid malignancies in developed countries, 
is the fourth leading cause of cancer deaths among both 
males and females in the USA in 2015 and is predicted 
to become the 2nd leading cause of cancer-related death 
by 2030 (Bray et al. 2018; Rahib et al. 2014). In 2018, 
estimated 55,440 new cases and 44,330 deaths of PDAC 
patients go along with a 5-year overall survival of about 
8% for all Union for International Cancer Control (UICC) 
stages (Bray et al. 2018; Rahib et al. 2014; Siegel et al. 
2018). This dismal prognosis of PDAC is due to late diag-
nosis at an advanced tumor stage, aggressive tumor dis-
semination, resistance to current therapy regimens, and 
lack of specific biomarkers and screening methods (Neu-
zillet et al. 2015). Radical surgical resection followed by 
adjuvant chemotherapy remains the gold standard of cura-
tive treatment. However, at the time of diagnosis, less than 
20% of PDAC patients are amenable to curative-intended 
surgery with low adjuvant chemotherapy response rates 
of less than 50% (Hidalgo 2010; Kamisawa et al. 2016). 
Therefore, early detection of PDAC at surgically manage-
able stages is crucial and offers the best chance of increas-
ing survival.

In 2000, Liu et  al. published the identification of a 
new hepatocellular carcinoma (HCC)-related gene named 
as Lysosome-associated protein transmembrane-4beta 
(LAPTM4B) (Liu et  al. 2000). LAPTM4B belongs to 
the mammalian 4-tetra-transmembrane spanning protein 
superfamily and is localized mainly to the late endosome 
and lysosome as well as in plasma membrane and inter-
nal organelles such as Golgi apparatus (Shao et al. 2003; 
Vergarajauregui et al. 2011). LAPTM4B gene is mapped 
to chromosome 8q22.1 with a messenger RNA (mRNA) 
consisting of seven exons. LAPTM4B encodes two pro-
tein isoforms with molecular weights of 35 and 24 kDa, 
respectively (Shao et al. 2003). LAPTM4B-35, but not 
LAPTM4B-24, is upregulated in a wide range of cancers 
associated with poor prognosis including hepatocellular 
cancer, extrahepatic cholangiocarcinoma, gallbladder can-
cer, breast cancer, ovarian carcinoma, endometrial can-
cer, prostate cancer, lung cancer, colon cancer, and gas-
tric cancer (Cheng et al. 2015; Kang et al. 2012; Kasper 
et al. 2005; Meng et al. 2010; Qiao and Hu 2015; Xiao 
et al. 2013; Yang et al. 2010a; Yin et al. 2011; Zhang et al. 
2014; Zhou et al. 2008, 2011). Interestingly, LAPTM4B 
polymorphism was associated with cancer risk in most of 
these cancer entities with the allele LAPTM4B*2 as risk 
factor (Xia et al. 2015). Moreover, LAPTM4B contributes 
to tumorigenesis by promoting cell proliferation, migra-
tion, and invasion. In addition, it could reduce apoptosis, 

assist drug resistance and is also involved in cell-cycle 
progression, differentiation, and DNA damage repair 
(Kasper et al. 2005; Li et al. 2010; Meng et al. 2016).

In PDAC, LAPTM4B was found to be expressed immu-
nohistochemically at high levels in tissue samples of PDAC 
patients associated with poor survival (Zhang et al. 2012). 
Recently, Wang et al. could demonstrate that LAPTM4B pol-
ymorphism was associated with the susceptibility of PDAC 
in a large Chinese case–control study (Wang et al. 2017). 
However, the clinical impact of circulating LAPTM4B 
protein as diagnostic and prognostic marker in PDAC and 
its discriminating power in different tumor stages remains 
unknown. Furthermore, simple and cost-effective measure-
ment of protein tumor markers in serum by enzyme-linked 
immune-sorbent assay (ELISA) represents the standard to 
monitor patient progress in most hospitals. Thus, the aim 
of the present study was to investigate the expression of 
LAPTM4B-35 protein as circulating tumor marker in PDAC.

Patients and methods

Patients and samples

A biobank of tissue and blood samples combined with a 
clinical follow-up database was maintained prospectively 
by the Department of General, Visceral and Transplanta-
tion Surgery of the University Hospital Muenster, Germany. 
Between 2014 and 2018, tissue specimens and blood serum 
samples of 169 patients with PDAC UICC Stage I (2× tissue, 
5× serum); PDAC UICC Stage II (19× tissue, 11× serum); 
PDAC UICC Stage III (9× tissue, 24× serum); PDAC UICC 
Stage IV (27× serum); chronic pancreatitis (24× tissue, 17× 
serum); benign age-matched healthy controls (13× tissue, 
17× serum) were collected. The study group of benign, 
non-inflammatory pancreatic specimens consisted of 13 
tissue samples of patients with serous cystadenoma of the 
pancreas, that have been taken during surgery in fair dis-
tance to the cystadenoma as they function as the healthy 
control group in the tissue analysis. Patients that received 
immunosuppression, chemo- or radiotherapy before blood 
sampling and/or surgery were excluded to avoid potential 
influences on LAPTM4B-35 expression. Patients with a 
second tumor entity or pancreatic neuroendocrine tumor 
were excluded as well. Collection, processing and storage 
of venous blood samples and intraoperatively obtained tissue 
samples were performed under standardized conditions as 
described previously (Dhayat et al. 2015). All tissue speci-
mens showed > 60% viable cells and < 20% necrosis with 
high percentage of cancer cells in guided macrodissection 
of PDAC samples proofed by an experienced pathologist. 
PDAC patients were staged according to the eighth edition 
of the UICC TNM classification of malignant tumors (Amin 
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et al. 2017). Ethical approval for tissue and/or blood serum 
collection was obtained by the Ethics committee of the Uni-
versity Muenster (1IXHai, 11.8.2011) and all patients pro-
vided informed written consent. All patients with suspicion 
of resectable PDAC underwent radical resection and were 
assigned to pancreatic head resection, total pancreatectomy, 
or pancreatic left resection followed by approved adjuvant 
therapy. Excisional tumor biopsy was performed in patients 
with unresectable metastasized PDAC followed by pallia-
tive therapy. Clinical data, histopathological information, 
and survival follow-up data were collected for all patients. 
The primary endpoints of this study were overall survival 
and recurrence-free survival.

Immunohistochemistry

Briefly, after deparaffinization and antigen retrieval using the 
cooker steaming method for 30 min, endogenous peroxidase 
activity was quenched by being exposed to 3% H2O2 for 
12 min at room temperature. The slices were then blocked 
for 45 min at room temperature with 5% bovine serum albu-
min (BSA). Afterwards, slides were incubated with the pri-
mary antibody anti-LAPTM4B-35 (rabbit polyclonal, 1:80; 
abcam, Cambridge, UK) for 60 min in a humid chamber 
and then incubated with the horseradish peroxidase (HRP)-
conjugated secondary detection antibody for 30 min at room 
temperature. The sections were then incubated with AEC 
Substrate Chromogen (Dako North America, Inc. CA, USA), 
counterstained with Haematoxylin and finally dehydrated, 
cleared, and mounted with neutral gum. Negative controls 
without primary antibodies and liver as positive control were 
included in all experiments using the same experimental 
conditions. Immunohistochemical staining was evaluated by 
a pathologist and was investigated in a blinded manner using 
light microscopy (Eclipse E1000M and NIS-Elements D3.1 
imaging software, Nikon, Tokyo, Japan). Staining inten-
sity was evaluated by Image-Pro Plus 6.0 software. (Media 
Cybernetics, Inc., MD, USA).

Western blotting

Cryopreserved tissue samples were dissociated in RIPA 
lysis buffer with Protease Inhibitor Cocktail (Cell Signaling 
Technology, Cambridge, UK) using a TissueLyserLT bead 
mill (Qiagen, Hilden, Germany). The lysates were cleared 
by centrifugation at 14,000g for 45 min at 4 °C. After quan-
tification using PierceTM BCA Protein Assay Kit (Thermo-
ScientificTM, Waltham, MA, USA), proteins were separated 
by sodium dodecyl sulfate (SDS) 10% polyacrylamide gel 
electrophoresis and blotted to a blocked PVDF membrane 

(Merck, Darmstadt, Germany). The primary antibody anti-
LAPTM4B-35 (anti-rabbit, 1:1000, ab202301, abcam, Cam-
bridge, UK) was diluted in blocking buffer and incubated 
overnight at 4 °C. Mouse anti-GAPDH (1D4, BioLegend 
Inc., San Diego, CA, USA) was used as a loading control 
at 1:5.000. The membrane was incubated with secondary 
antibody IgG-HRP (anti-rabbit, 1:14.000, A6154, Sigma-
Aldrich) for 1 h at room temperature. After three washings, 
peroxidase was detected using ImmobilonTM ECL western 
blotting substrate (Millipore, Schwalbach, Germany).

Sandwich enzyme‑linked immune‑sorbent assay

Quantification of biomarker protein in blood serum samples 
was conducted with ELISA for LAPTM4B-35 (ready-to-
use kit MBS760462, 1:2, MyBioSource Inc., San Diego, 
CA, USA) according to the manufacturer’s instructions in 
duplicate. Briefly, 5 ml of venous blood was collected under 
standardized conditions and was separated into serum and 
cellular fractions by centrifugation at 1000g for 20 min. 
Anti-LAPTM4B-35 antibody was pre-coated onto 96-well 
plates. Set standard, test samples diluted with standard dilu-
tion at 1:2, and biotin conjugated detection antibody diluted 
with antibody dilution buffer at 1:100 were added to the 
wells subsequently, and washed with wash buffer. Horse rad-
ish peroxidase (HRP)-Streptavidin Conjugate (SABC) work-
ing solution diluted with SABC dilution buffer at 1:100 was 
added. Tetramethylbenzidine (TMB) substrates were used 
to visualize HRP enzymatic reaction. Finally, the absorb-
ance of each well was recorded at a wavelength of 450 nm 
absorption, using a microplate reader (Biomed Dr Wieser 
GmbH, Salzburg, Austria) immediately after adding acidic 
stop solution. The professional software Curve Expert ver-
sion 1.4 (Daniel G. Hyams, Hyams Development, Starkville, 
MS, USA) was used to calculate the LAPTM4B concentra-
tion based on a corresponding standard curve.

Statistical analysis

Explorative and descriptive statistical analysis were 
performed with Microsoft® Excel for Mac Version 16 
(Microsoft Corp., Redmond, WA, USA), SPSS® Sta-
tistics Version 17 (IBM Corp. Armonk, NY, USA), and 
GraphPad Prism 7 (GraphPad Software, INC, La Jolla, 
CA, USA). The results are presented as mean with stand-
ard error of mean (SEM). Patients’ dataset was performed 
by one-way analysis of variance (ANOVA), followed 
by least significant difference (LSD) multiple compari-
son tests when p was significant. To test the correlation 
between the clinicopathological data we used the Fisher’s 
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two-tailed exact test and whenever appropriate the χ2 
test. Survival data were tested for significance using log-
rank test for the comparison of relapse-free survival and 
overall survival rates between the groups with high and 
low expression of LAPTM4B-35 in PDAC samples and 
plotted for Kaplan–Meier curves. The primary end points 
were overall survival and relapse-free survival, as meas-
ured from the date of surgery to the time of cancer-related 
death or tumor relapse, or the last follow-up, respectively. 
Data of patients who were still alive and without evidence 
of tumor relapse at the end of the study were censored. 
The diagnostic potential of LAPTM4B-35 was analysed 
by the receiver operating characteristic (ROC) method. 
Area under the ROC curve (AUC) with its correspond-
ing 95% confidence interval (CI) was used as an accuracy 
index for evaluating the diagnostic performance. A Cox 
proportional hazards regression model was used to esti-
mate hazard ratios and 95% CIs. Variables with significant 
p values in the univariate analysis were included in the 
multivariate analysis. Values for p ≤ 0.05 were considered 
to be statistically significant.

Results

Clinicopathologic characteristics

A total of 169 patients including PDAC UICC Stage I 
(n = 7), II (n = 30), III (n = 33) and IV (n = 28), chronic 
pancreatitis (n = 41), and healthy controls (n = 30) were 
analyzed (Table 1). There was no difference in age, gen-
der, body mass index, smoking, alcohol consumption, and 
CEA between PDAC and its control groups of chronic 
pancreatitis, and healthy volunteers. However, they were 
distinguishable in pre-surgical diabetes mellitus (p = 0.05), 
pre-surgical chronic pancreatitis (p < 0.001), and pre-sur-
gical CA.19-9 expression (p < 0.001). Subgroup analysis 
of all PDAC patients (n = 98) revealed prognostic impact 
of early UICC Stage with a median overall survival of 39 
months versus 9.0 months for UICC Stage IV (p < 0.001), 
histological grading (p = 0.016), metastasis, nodal inva-
sion, type of surgery, and adjuvant chemotherapy (each 
p < 0.001) (Table 2).

Clinicopathologic characteristics of 57 curatively treated 
PDAC patients were summarized in Table 3. Improved over-
all survival could be shown for no pancreatitis before surgery 
(p = 0.025), low grading (p = 0.031), no synchronous nodal 
invasion (p = 0.017), and adjuvant chemotherapy (p < 0.001), 
while histological grading (p = 0.023) and adjuvant chemo-
therapy (p < 0.001) correlated with recurrence-free survival.

Western blot and immunohistochemical analysis 
of LAPTM4B‑35

Analysis of LAPTM4B-35 by Western blot showed a 
strong overexpression in cryopreserved PDAC tissue ver-
sus healthy and chronic pancreatitis tissues (each p < 0.001) 
(Fig. 1). Correspondingly, the immunohistochemical stain-
ing demonstrated significant higher levels of LAPTM4B 
expression in PDAC tissues (Fig. 2). LAPTM4B-35 was 
expressed predominantly in the epithelial pancreatic ductal 
cells, with significant overexpression in PDAC compared 
with Non-PDAC groups (each p < 0.001). LAPTM4B-35 
expression in chronic pancreatitis was significantly higher 
than in healthy controls (p = 0.009). In total, exocrine acinar 
cells and stromal pancreatic cells showed only weak cyto-
plasmic positivity of LAPTM4B-35. The highest cytoplas-
matic LAPTM4B-35 expression was detected in columnar 
epithelium of intralobular ducts in PDAC samples followed 
by interlobular ducts with cuboidal or columnar epithelium 
of larger ducts.

ELISA analysis of circulating LAPTM4B‑35

Blood analysis of LAPTM4B-35 protein in PDAC of all 
UICC Stages revealed a significant overexpression of 
LAPTM4B-35 compared to healthy controls and chronic 
pancreatitis blood samples (p < 0.001) (Fig. 3). Subgroup 
analysis of circulating LAPTM4B-35 in the different PDAC 
UICC Stages demonstrated a significant overexpression of 
LAPTM4B-35 in UICC Stage I (p = 0.016), UICC Stage 
II, UICC Stage III, and UICC Stage IV (each p < 0.001) 
compared to healthy controls. Besides, it also revealed sig-
nificant upregulation in PDAC UICC Stage II (p = 0.001), 
UICC Stage III (p = 0.001), and UICC Stage IV (p = 0.005) 
compared to chronic pancreatitis.

Diagnostic potential of circulating LAPTM4B‑35

Circulating LAPTM4B-35 shows potential as a good dis-
criminator between PDAC and healthy controls with excel-
lent accuracy (AUC = 0.91 (CI 0.84–0.98), p < 0.001, sen-
sitivity: 0.88, specificity: 0.82) and between PDAC and 
chronic pancreatitis with fair accuracy (AUC = 0.73 (CI 
0.60–0.86), p = 0.0037, sensitivity: 0.59, specificity: 0.64) 
(Fig. 4). Subgroup analysis of each UICC Stage I–IV con-
firms excellent AUC values versus healthy controls as well 
as fair AUC values versus chronic pancreatitis (Supplemen-
tal Fig. 1). Circulating LAPTM4B-35 could differentiate 
PDAC from Non-PDAC controls including healthy controls 
and chronic pancreatitis with fair accuracy (AUC = 0.77 (CI 
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0.65–0.89), p = 0.0024, sensitivity: 0.70, specificity: 0.62). 
Diagnostic accuracy of LAPTM4B-35 is similar to CA.19-9 
(AUC = 0.76 (CI 0.60–0.91), p = 0.0037; sensitivity: 0.85, 

specificity: 0.69). The best diagnostic accuracy to discrimi-
nate PDAC from non-PDAC patients could be achieved 
by a combination of LAPTM4B-35 and CA.19-9 with an 

Table 1   Clinicopathologic characteristics of the study groups

p < 0.05 indicates significance are in bold

Category Total (n = 169) Healthy 
controls 
(n = 30)

Chronic 
pancreatitis 
(n = 41)

PDAC UICC
Stage I (n = 7)

PDAC UICC
Stage II (n = 30)

PDAC UICC
Stage III 
(n = 33)

PDAC UICC
Stage IV 
(n = 28)

p value

Age (years) 0.108
Median 65 64 60 72 65.5 68 64
Range 26–87 42–87 36–80 66–75 42–82 43–84 26–82
 ≤ 60 62 9 21 0 11 10 11
 > 60 107 21 20 7 19 23 17

Gender 0.306
 Female 68 17 15 1 11 12 12
 Male 101 13 26 6 19 21 16

Smoker 0.128
 Yes 63 10 19 0 9 16 9
 No 106 20 22 7 21 17 19

Alcohol abuse 0.087
 Yes 20 1 8 0 2 7 2
 No 149 29 33 7 28 26 26

Body mass 
index

0.499

 Median 24.6 26.2 24 25.65 24.8 24 24.45
 Range 16.7–47.6 17.3–33.1 18.5–33.6 23.1–30.1 19–37 19–33.6 16.7–47.6
  ≤ 25 98 13 27 4 19 20 15
  > 25 71 17 14 3 11 13 13

Pre-surgical dia-
betes mellitus

0.050

 Yes 47 4 10 3 12 6 12
 No 122 26 31 4 18 27 16

Pre-surgical 
pancreatitis

< 0.001

 Yes 59 0 41 0 7 10 1
 No 110 30 0 7 23 23 27

Pre-surgical 
CA.19-9 (U/
ml)

< 0.001

 Median 68.85 8.2 24.5 48.7 81.5 190.7 282.95
 Range 0.6–48715.2 1.6–42.9 0.6–48715.2 35.7–350 9.1–3136.1 2.6–18517.4 4–20640
  ≤ 30 43 8 18 0 6 6 5
  > 30 73 1 10 5 16 20 21

Pre-surgical 
CEA (ng/ml)

0.198

 Median 2.1 0.9 2.15 4.45 2.2 2.1 2
 Range 0.2–14.2 0.2–4.6 0.3–9.3 1.2–7.44 0.2–6.8 0.2–10.5 0.5–14.2
  ≤ 5 72 9 16 3 13 17 14
  > 5 16 0 2 3 2 4 5
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Table 2   Clinicopathologic 
characteristics of PDAC patients

Category Number of PDAC 
patients

Median overall sur-
vival (months)

95% CI p value

Total 98 17 13.7–20.3
Age (years)
 ≤ 60 32 14.0 9.80–18.2 0.477
 > 60 66 17.0 13.9–20.1

Gender
 Female 36 16.0 11.7–20.3 0.065
 Male 62 20.0 13.4–26.6

Smoker
 Yes 34 14.0 10.0–18.0 0.454
 No 64 18.0 14.5–21.5

Alcohol abuse
 Yes 11 18.0 4.5–31.5 0.718
 No 87 17.0 14.1–20.0

Body mass index
 ≤ 25 57 16.0 12.3–19.7 0.379
 > 25 41 18.0 12.6–23.4

Pre-surgical diabetes mellitus
 Yes 33 12.0 3.9–20.1 0.704
 No 65 17.0 14.0–20.0

Pre-surgical pancreatitis
 Yes 18 13.0 9.2–16.8 0.305
 No 80 17.0 13.4–20.6

Pre-surgical CA.19-9 (U/ml)
 ≤ 30 19 16.0 11.5–20.5 0.863
 > 30 62 17.0 11.9–22.1

Pre-surgical CEA (ng/ml)
 ≤ 5 47 18.0 12.8–23.2 0.944
 > 5 14 20.0

UICC stage
 I 7 39
 II 30 21.0 14.2–27.8 < 0.001
 III 33 17.0 13.5–20.5
 IV 28 9.0 2.5–15.5

Grading
 G2 36 21.0 17.2–24.8 0.016
 G3 33 16.0 10.2–21.9

Metastasis
 M0 70 20.0 17.3–22.7 < 0.001
 M1 28 9.0 2.5–15.5

Nodal invasion
 N0 23 34.0 14.4–53.6 < 0.001
 N1 24 14.0 7.9–20.1
 N2 47 13.0 8.2–17.8

Lymphatic invasion
 L0 40 22.0 17.1–26.9 0.153
 L1 21 16.0 8.7–23.3

Perineural invasion
 Pn0 18 23.0 0.7–45.3 0.074
 Pn1 41 20.0 15.8–24.2

Vene invasion
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excellent AUC of 0.903 (CI 0.84–0.97, p < 0.001, sensitivity: 
0.82, and specificity: 0.92, likelihood ratio: 10.66).

Prognostic impact of circulating LAPTM4B‑35

Patients were categorized into low LAPTM4B-35 and high 
LAPTM4B-35 categories at the median cut-off of 366.64 ng/
ml. Univariate Kaplan–Meier survival analysis revealed a 
significantly improved overall survival in all PDAC patients 
UICC Stage I–IV with low expression of circulating 
LAPTM4B-35 (p = 0.039; median survival: 17 months ver-
sus 10 months). Overall survival of curatively treated PDAC 
patients with low expression of circulating LAPTM4B-35 
was improved as well, but did not reach significance 
(p = 0.064). Improved relapse-free survival correlated sig-
nificantly with low expression of circulating LAPTM4B-35 
(p = 0.037; median survival: 16 months versus 10 months) 
(Fig. 5). Univariate Cox regression overall and recurrence-
free survival analyses identified high histological grading 
(p = 0.035; p = 0.026), lack of postoperative adjuvant chem-
otherapy (each p < 0.001), and LAPTM4B-35 (p = 0.005, 
p < 0.001) as unfavorable prognostic factors in resected 
PDAC patients. Pre-surgical pancreatitis (p = 0.031), and 
nodal invasion (p = 0.007) correlated with poor overall sur-
vival. Lymphatic invasion (p = 0.046) correlated with poor 
recurrence-free survival analyses (Table 4). Multivariate 

Cox regression overall and recurrence-free survival analy-
ses identified LAPTM4B-35 (HR 2.73, p = 0.021; HR 3.29, 
p = 0.003) and postoperative adjuvant chemotherapy (HR 
0.03, p < 0.001; HR 0.10, p = 0.006) as favorable prognos-
tic factors. Grading (HR 2.63, p = 0.018) could be used as 
prognostic factor in curatively treated relapse-free PDAC 
patients (Table 5).

Discussion

Since decades, PDAC still remains a highly lethal tumor 
entity for which no reliable molecular targets exist to sup-
port detection at early tumor stage or predict response to 
treatment modalities. Although several cell signaling path-
way alterations in PDAC with promising targeted molecule 
inhibitors are reported, extensive efforts are needed to bring 
the research to clinical application (Zhang et al. 2018). How-
ever, several clinical factors have been identified in PDAC 
patients (Lim et al. 2003). In accordance with the literature, 
low-tumor grading and adjuvant gemcitabine chemotherapy 
correlated to improved survival in PDAC with potential as 
independent prognostic markers in our study. Furthermore, 
we could reveal that circulating LAPTM4B-35 might be an 
independent prognostic marker and oncogenic target pro-
tein in PDAC patients. LAPTM4B-35 was significantly 

Table 2   (continued) Category Number of PDAC 
patients

Median overall sur-
vival (months)

95% CI p value

 V0 51 21.0 15.1–26.9 0.495
 V1 11 20.0 13.0–27.0

Resection margin
 R0 43 22.0 17.8–26.2 0.821
 R1 16 16.0 10.9–21.1

Tumor size (cm)
 ≤ 3 30 20.0 11.4–28.6 0.452
 > 3 21 21.0 2.7–39.3

Type of surgery
 Pancreatic head resection 44 21.0 11.0–31.0 < 0.001
 Pancreatic left resection 10 23.0 15.5–30.5
 Total pancreatectomy 3 4.0
 Excisional biopsy 41 9.0 3.6–14.4

Post-op chemotherapy
 Adjuvant 51 21.0 16.2–25.8 < 0.001
 Palliative 37 11.0 1.9–20.1
 No 10 3.0 0–6.7

Post-op radiotherapy
 Yes 13 20.0 17.3–22.7 0.095
 No 85 16.0 13.4–18.6

p < 0.05 indicates significance are in bold
Indication of median overall survival in months and 95% confidence interval (CI)
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Table 3   Clinicopathologic characteristics of curatively treated PDAC patients

Category Disease-specific overall survival Recurrence-free survival

Number of patients 
[death/censored]

Predicted median 
survival (months) [95% 
CI]

p value Number of patients 
[death/censored]

Predicted median 
survival (months) [95% 
CI]

p value

Total 57 [29/28] 57 [36/21]
Age (years)
 ≤ 60 16 [8/8] 17 [7.1–26.9] 0.702 16 [13/3] 13 [9.7–16.3] 0.67
 > 60 41 [21/20] 22 [17.1–26.9] 41 [23/18] 12 [9.5–14.5]

Gender
 Female 20 [12/8] 17 [12.3–21.7] 0.074 20 [12/8] 12 [9.5–14.5] 0.945
 Male 37 [17/20] 23 [12.9–31.1] 37 [24/13] 13 [10.1–15.9]

Smoker
 Yes 20 [10/10] 17 [14.0–20.0] 0.254 20 [14/6] 13 [12.3–13.7] 0.186
 No 37 [19/18] 23 [14.3–31.7] 37 [22/15] 12 [8.3–15.7]

Alcohol abuse
 Yes 3 [1/2] 0.473 3 [2/1] 0 0.837
 No 54 [28/26] 20 [15.1–24.9] 54 [34/20] 12 [10.0–14.0]

Body mass index
 ≤ 25 36 [19/17] 17 [13.4–20.6] 0.078 36 [21/15] 13 [12.1–13.9] 0.742
 > 25 21 [10/11] 34 [13.4–54.6] 21 [15/6] 12 [8.1–15.9]

Pre-surgical diabetes mellitus
 Yes 18 [9/9] 34 [16.6–51.4] 0.371 18 [11/7] 16 [5.3–26.7] 0.321
 No 39 [20/18] 20 [15.7–24.3] 39 [25/14] 12 [10.2–13.8]

Pre-surgical pancreatitis
 Yes 15 [10/5] 17 [11.7–22.3] 0.025 15 [11/4] 10 [7.1–12.9] 0.173
 No 42 [19/23] 28 [17.3–38.7] 42 [25/17] 13 [10.4–15.6]

Pre-surgical CA.19-9 (U/ml)
 ≤ 30 10 [4/6] 23 0.363 10 [5/5] 12 [10.3–13.7] 0.515
 > 30 31 [12/19] 34 [12.3–55.7] 31 [16/15] 16 [10.1–21.9]

Pre-surgical CEA (ng/ml)
 ≤ 5 23 [10/13] 0.289 23 [12/11] 17 [10.0–24.0] 0.304
 > 5 8 [0/8] 8 [2/6] 12

UICC stage
 I 7 [1/6] 39 0.101 7 [2/5] 0.062
 II 28 [15/13] 21 [7.0–35.0] 30 [19/11] 12 [8.6–15.4]
 III 20 [13/7] 17 [13.7–20.3] 20 [15/5] 12 [10.0–14.0]

Grading
 G2 30 [14/16] 23 [19.2–26.8] 0.031 30 [18/12] 14 [9.8–18.3] 0.023
 G3 27 [15/12] 17 [10.0–24.0] 27 [18/9] 10 [6.3–13.7]

Nodal invasion
 N0 18 [7/11] 36 [17.4–54.6] 0.017 18 [10/8] 16 [11.5–20.5] 0.138
 N1 20 [11/9] 14 [12.2–15.8] 20 [12/8] 10 [5.8–14.2]
 N2 19 [11/8] 17 [10.9–23.1] 19 [14/5] 12 [9.8–14.2]

Lymphatic invasion
 L0 39 [18/21] 23 [12.4–33.6] 0.372 39 [23/16] 12[9.6–14.4] 0.949
 L1 18 [11/7] 20 [12.2–27.8] 18 [13/5] 13[11.2–14.8]

Perineural invasion
 Pn0 18 [9/9] 23 [0.7–45.3] 0.064 18 [13/5] 16 [8.8–23.2] 0.342
 Pn1 39 [20/19] 17 [12.8–21.2] 39 [23/16] 12 [10.0–14.0]

Vene invasion
 V0 51 [24/27] 21 [15.1–26.9] 0.734 51 [31/20] 13 [10.7–15.3] 0.723
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upregulated in both, carcinoma tissue and blood circulation 
of early and advanced PDAC, suggesting that LAPTM4B-35 
plays an important role in carcinogenesis and PDAC pro-
gression. The oncogenic role of LAPTM4B-35 in several 
solid carcinoma entities associated with high-tumor recur-
rence and poor postoperative survival is already well known 
(Cheng et al. 2015; Kang et al. 2012; Kasper et al. 2005; 
Meng et al. 2010; Qiao and Hu 2015; Xiao et al. 2013; 
Yang et al. 2010a; Yin et al. 2011; Zhang et al. 2014; Zhou 
et al. 2008, 2011). In accordance with the study of Zhang 
et al., immunohistochemical staining of LAPTM4B-35 was 
high in PDAC tissue samples with significant overexpres-
sion in epithelial pancreatic ductal cells. Validation of these 
semi-quantitative immunohistochemical staining results by 
Western blot analysis could confirm a significant overex-
pression of LAPTM4B-35 protein in macrodissected PDAC 
compared to non-PDAC controls in our study collective. 
So far, previous immunohistochemical and gene polymor-
phism analysis by polymerase chain reaction (PCR) indi-
cates that LAPTM4B is highly expressed in PDAC tissue 
and its genetic polymorphism is positively correlated with 
poor prognosis in PDAC patients (Wang et al. 2017; Zhang 
et al. 2012). However, the value of circulating LAPTM4B-35 
as circulating tumor marker for PDAC remained undefined. 

Table 3   (continued)

Category Disease-specific overall survival Recurrence-free survival

Number of patients 
[death/censored]

Predicted median 
survival (months) [95% 
CI]

p value Number of patients 
[death/censored]

Predicted median 
survival (months) [95% 
CI]

p value

 V1 6 [5/1] 20 [8.2–31.8] 6 [5/1] 12 [7.2–16.8]
Resection margin
 R0 43 [21/22] 22 [17.8–26.2] 0.698 43 [26/17] 13 [10.0–16.0] 0.592
 R1 14 [8/6] 16 [7.7–24.2] 14 [10/4] 12 [9.7–14.3]

Tumor size (cm) [range]
 ≤ 3 29 [16/13] 20 [11.7–28.3] 0.509 29 [20/9] 12 [9.7–14.3] 0.260
 > 3 20 [7/13] 21 [2.7–39.3] 20 [10/10] 17 [15.2–18.8]

Type of surgery
 Pancreatic head resection 44 [22/22] 21 [15.3–26.7] 0.083 44 [28/16] 13 [10.5–15.5] 0.183
 Pancreatic left resection 10 [6/4] 23 [15.5–30.5] 10 [7/3] 12 [5.6–18.4]
 Total pancreatectomy 3 [1/2] 4 3 [1/2] 3

Post-op adjuvant chemotherapy
 Yes 51 [26/25] 21 [16.2–25.8] < 0.001 51 [33/18] 13 [11.1–14.9] < 0.001
 No 6 [3/3] 4 [2.4–5.6] 6 [3/3] 3

Post-op radiotherapy
 Yes 9 [5/4] 20 [8.0–26.5] 0.514 9 [8/1] 10 [6.2–13.9] 0.188
 No 48 [24/24] 21 [15.5–26.5] 48 [28/20] 13 [11.0–15.0]

p < 0.05 indicates significance are in bold
Indication of median disease-specific overall survival and recurrence-free survival in months and 95% confidence interval (CI)

Fig. 1   Protein expression of LAPTM4B-35 in pancreatic tissue of 
healthy controls, chronic pancreatitis (CP), and PDAC by Western 
blotting. Asterisks (**) indicate a significant difference of p ≤ 0.01 
between PDAC patients and non-PDAC patients
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Therefore, we performed targeted ELISA analyses on cir-
culating LAPTM4B-35 of PDAC patients UICC Stages 
I–IV in comparison with age-matched healthy controls and 
patients with chronic pancreatitis. We could reveal that cir-
culating LAPTM4B-35 was able to differentiate between 
PDAC UICC Stage I–IV and healthy pancreas with an excel-
lent AUC suggesting its diagnostic value as non-invasive 
serum marker. Furthermore, the combination of circulating 
LAPTM4B-35 and cancer antigen 19-9 (CA.19-9) as the 
currently most common diagnostic biomarker for PDAC 
reached an excellent diagnostic accuracy with a sensitiv-
ity of 82%, and specificity of 92% in our patient collec-
tive. Besides its diagnostic impact, elevated LAPTM4B-35 
expression correlated significantly with high tumor recur-
rence and poor overall survival in PDAC patients. In addi-
tion, circulating LAPTM4B-35 remained as an independent 
prognostic survival marker in multivariate analysis. Conse-
quently LAPTM4B-35 has high diagnostic and prognostic 
impact as circulating tumor marker in PDAC. However, the 

Fig. 2   Immunohistochemical staining of LAPTM4B-35 in healthy controls, chronic pancreatitis (CP), and PDAC. Asterisks (**) indicate a sig-
nificant difference of p = 0.009. Asterisks (***) indicate a significant difference of p < 0.001. IOD integrated optical density

Fig. 3   Expression of circulating LAPTM4B-35 in healthy con-
trols, chronic pancreatitis (CP), and PDAC Stages I–IV analyzed by 
enzyme-linked immune-sorbent assay (ELISA). Asterisk (*) indi-
cates a significant difference of p < 0.05 between PDAC patients and 
healthy controls. Section sign (#) indicates a significant difference of 
p < 0.05 between PDAC patients and CP
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ability of LAPTM4B-35 to discriminate PDAC in different 
UICC stages and its value as independent prognostic circu-
lating biomarker for early PDAC stage remains undefined 
because of the limited statistical power. Taken into account 
that LAPTM4B-35 is upregulated in various malignancies, 
it seems that cancer specificity of LAPTM4B-35 is consider-
ably high with commonly dysregulated genes and pathways, 
whereas its organ specificity and potential to differentiate 
between solid carcinoma entities are low. In vitro and in vivo 
studies revealed that overexpression of LAPTM4B promoted 
cell growth and proliferation by upregulation of cell-cycle 
regulators, such as cyclin D1 and E, and by activating proto-
oncogenes, such as c-myc, the phosphatidylinositol 3-kinase/
Akt signaling pathway, and the epidermal growth factor 
receptor (EGFR) signaling. Conversely, the use of antisense 
oligonucleotides against LAPTM4B suppressed growth and 
metastasis of human HCC xenograft in nude mice (Li et al. 
2010; Liu et al. 2009; Tan et al. 2015; Yang et al. 2010b). 

Therefore, LAPTM4B seems to be a suitable membrane-
associated intracellular target for new chemotherapeutic 
agents to be developed.

Because of the limited statistical power and the mono-
centric study design with retrospective data analysis, fur-
ther multi-center studies with a larger number of patients 
are required to reevaluate the impact of LAPTM4B-35 as 
diagnostic and survival biomarker in PDAC.

Conclusion

LAPTM4B-35 seems to be a promising tool in clinical 
management of PDAC patients. Further clinical research 
on LAPTM4B-35 is needed to define its potential as a cir-
culating biomarker for earlier diagnosis of PDAC.

Fig. 4   Diagnostic potential of circulating LAPTM4B-35 and CA.19-9 by receiver operating characteristic (ROC) analysis in PDAC and non-
PDAC patients. P < 0.05 indicates significance. AUC​ area under the curve

Fig. 5   Prognostic impact of circulating LAPTM4B-35 on overall survival (p = 0.039) in all PDAC patients UICC Stage I–IV (a) and on overall 
survival (p = 0.064) (b) and recurrence-free survival (p = 0.037) (c) in curatively treated PDAC patients UICC Stage I–III
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Table 4   Univariate Cox regression overall and recurrence-free survival analysis

p < 0.05 indicates significance are in bold
Indication of hazard ratio and 95% confidence interval (CI)

Variable Subset Overall survival p value Recurrence-free survival p value
Hazard ratio (95% CI) Hazard ratio (95% CI)

Age > 60/≤ 60 1.17 [0.52–2.65] 0.703 0.85 [0.43–1.69] 0.637
Gender Male/female 0.50 [0.23–1.07] 0.075 1.03 [0.51–2.06] 0.937
Smoker Yes/No 1.59 [0.63–0.73] 0.244 1.63 [0.82–3.24] 0.160
Alcohol abuse Yes/No 0.48 [0.06–3.63] 0.481 1.14 [0.27–4.79] 0.857
Body mass index > 25/≤25 0.50 [0.23–1.09] 0.082 1.11 [0.57–2.19] 0.753
Pre-surgical diabetes mellitus Yes/No 0.69 [0.31–1.54] 0.368 0.69 [0.34–1.41] 0.311
Pre-surgical pancreatitis Yes/No 2.47 [1.09–5.62] 0.031 1.70 [0.82–3.53] 0.154
UICC Stage UICC3/UICC1–2 1.39 [0.65–2.98] 0.393 1.62 [0.82–3.19] 0.163
Grading G3/G2 2.23 [1.06–4.70] 0.035 2.17 [1.10–4.29] 0.026
Nodal invasion N1–2/N0 3.72 [1.44–9.60] 0.007 2.12 [0.99–4.56] 0.054
Lymphatic invasion L1/L0 1.57 [0.75–3.26] 0.232 1.97 [1.01–3.85] 0.046
Perineural invasion Pn1/Pn0 2.13 [0.94–4.82] 0.070 1.40 [0.69–2.83] 0.349
Vene invasion V1/V0 1.19 [0.45–3.14] 0.723 1.19 [0.46–3.09] 0.736
Resection margin R1/R0 1.18 [0.52–2.68] 0.699 1.26 [0.60–2.64] 0.543
Type of surgery head/tail 0.94 [0.40–2.21] 0.892 1.24 [0.54–2.84] 0.613
Post-op adjuvant chemotherapy Yes/No 0.03 [0.00–0.17] 0.000 0.06 [0.01–0.26] 0.000
Post-op radiotherapy Yes/No 0.73 [0.27–1.95] 0.527 1.72 [0.78–3.81] 0.178
Pre-surgical CA.19-9 (U/ml) > 30/≤30 0.59 [0.18–1.91] 0.376 0.72 [0.26–2.0] 0.524
Pre-surgical
CEA (ng/ml)

> 5/≤5 0.04 [0.0–611.1] 0.507 2.24 [0.44–11.28] 0.329

LAPTM4B (ng/ml) high/low 3.35 [1.35–8.33] 0.005 3.00 [1.41–6.37] 0.000

Table 5   Multivariate Cox regression overall and recurrence-free survival analysis

p < 0.05 indicates significance are in bold
Indication of hazard ratio and 95% confidence interval (CI)

Variable Subset Overall survival p value Recurrence-free survival p value
Hazard ratio (95% CI) Hazard ratio (95% CI)

Grading G3/G2 2.13 [0.88–5.13] 0.093 2.63 [1.18–5.84] 0.018
Nodal invasion N1–2/N0 2.72 [0.98–7.52] 0.054 1.03 [0.44–2.42] 0.951
Lymphatic invasion L1/L0 1.23 [0.50–3.01] 0.654 2.01 [0.92–4.42] 0.081
Post-op adjuvant chemotherapy Yes/No 0.03 [0.00–0.20] 0.000 0.10 [0.02–0.52] 0.006
LAPTM4B
(ng/ml)

High/Low 2.73 [1.17–6.40] 0.021 3.29 [1.51–7.16] 0.003
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