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ARTICLE INFO ABSTRACT

Keywords: Owing to the high heterogeneity of pancreatic cancer, patient-derived xenografts (PDX) can compensate for the
Lipocalin 2 defects of cell line-derived xenografts (CDX) and also better preserve the heterogeneity and tumor microenvi-
Gemcitabine ronment of primary tumors. Further, gemcitabine, which is used for the treatment of various cancers, is prone to
Chemosensitivity

tumor drug resistance, and this limits its sustained efficacy. Therefore, in this study, our objective was to screen
appropriate individual therapeutic drugs for pancreatic cancer. To this end, we established pancreatic cancer
PDX models from different patients and screened gemcitabine sensitivity regulatory molecules via high-
throughput transcriptome sequencing and bioinformatics analysis. Based on the results obtained, gemcitabine
was identified as the most suitable chemotherapeutic drug in a variety of PDX models. Additionally, our results
indicated that Lipocalin 2 (LCN 2) may play an important role in the sensitivity of pancreatic cancer to gemci-
tabine treatment. Thus, the study provides a new potential intervention target for the treatment of pancreatic

Pancreatic cancer
patient-derived xenografts

cancer in clinical practice.

1. Introduction

Pancreatic cancer is a malignant tumor of the digestive system with a
poor prognosis. Epidemiological data shows that the overall 5-year
survival rate of patients with pancreatic cancer is < 7%, and the dis-
ease ranks as the fourth and sixth cause of malignant tumor-related
deaths in the United States and China, respectively [1]. Presently, sur-
gical resection followed by adjuvant chemotherapy is still the preferred
treatment strategy for pancreatic cancer; however, the success rate of
radical resection is only 15-20%, and this can be attributed to a locally
advanced stage of the disease or distant metastasis at first diagnosis [2].
Chemotherapy is an important treatment strategy for improving the
prognosis of patients with locally advanced and metastatic pancreatic
cancer. Current chemotherapeutic agents in this regard include gemci-
tabine, docetaxel, irinotecan, oxaliplatin, and pemetrexed. Among them,
docetaxel, which is an antineoplastic agent that has a unique mechanism
of action, as an inhibitor of cellular mitosis, plays a central role in the
therapy of several solid tumors, such as breast and lung cancer [3].

* Corresponding author.
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Further, irinotecan is a semisynthetic derivative of the plant alkaloid,
camptothecin, and is used as an antineoplastic agent in the treatment of
colorectal, ovarian, and non-small cell lung cancers [4]. Furthermore,
oxaliplatin is an intravenously administered platinum-containing alky-
lating agent used for treating advanced colorectal cancer [5]. Peme-
trexed is a cytostatic antifolate drug and a cornerstone treatment for
lung cancer [6], and gemcitabine, which displays extensive and exact
therapeutic effects, is considered the first-choice treatment in pancreatic
cancer management [7]. However, patients with pancreatic cancer tend
to be resistant to gemcitabine, failing to maintain the efficacy of the drug
[8]. Thus, strategies to overcome such drug resistance and improve
gemcitabine sensitivity have become a challenging and topical issue in
preclinical research.

The use of cell line-derived xenograft (CDX) models for drug
screening is questionable owing to the lack of tumor stromal compo-
nents and the single cell type-characteristics of the cell lines. Thus,
patient-derived xenograft (PDX) models, which offer the possibility to
overcome the above limitations of CDX models and better retain the
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heterogeneity of primary tumors and the tumor microenvironments, are
now used to screen appropriate individualized therapeutic drugs [9].

Thus, in this study, we selected a variety of pancreatic cancer PDX
models to screen for suitable chemotherapeutic agents. RNA-seq was
performed on gemcitabine sensitive and control samples [10]. There-
after, gene data sets were utilized to identify regulatory molecules
affecting gemcitabine sensitivity. Based on the results obtained, gem-
citabine was identified as the most suitable chemotherapeutic drug in a
variety of pancreatic cancer PDX models, and we also observed that
Lipocalin 2 (LCN2) possibly plays a key role in pancreatic cancer-related
biological processes, such as cell cycle regulation, cell movement, and
cell migration regulation. Recently, it was observed that LCN2 expres-
sion can distinguish tumor tissues from normal tissues. Notably, LCNZ2 is
primarily expressed in PanIN-1 and PanIN-2 lesions and shows a higher
expression level in the PanIN fractions than in other fractions. Further,
patients with pancreatic cancer accompanied by diabetes show elevated
serum LCN2 levels, which decrease after the surgical resection of
pancreatic cancer. Furthermore, patients with pancreatic cancer show
higher plasma LCN2 levels than healthy individuals [11]. This study
preliminarily demonstrated that LCN2 may be involved in pancreatic
cancer sensitivity to gemcitabine treatment and that changes in its level
determine gemcitabine therapeutic output. Thus, it provides a novel
potential intervention target for clinical treatment.

2. Material and methods
2.1. Tumor specimens and ethical review

Pancreatic cancer specimens (D42113, D37774, and E32051),
specimens from adjacent tissues (3 cases), and normal tissues were ob-
tained from the Hepatobiliary, Pancreatic, and Splenic Surgery of Xijing
Hospital, China, with written informed consent from the patients and
their family members. The characteristics of the patients were showed in
Supplemental Table 1. The experiments involving these human speci-
mens were approved by the medical ethics committee of Xijing Hospital
(approval number 2015432).

2.2. Establishment and evaluation of pancreatic cancer PDX model

Six-to seven-week-old male BALB/c nude mice were purchased from
Changzhou Cavens Lab Animal Co., Ltd. and housed in a pathogen-free
system at the Laboratory Animal Center of the Fourth Military Medical
University (FMMU, Xi’an, China). At this facility, the mice were anes-
thetized with ketamine (100 mg/mL, i.p.) and xylazine (20 mg/mL, i.p.)
and maintained under isoflurane during surgery. All the animal exper-
iments were approved by the Institutional Animal Care and Use Com-
mittee of FMMU (protocol number 16013).

Fresh pancreatic cancer specimens obtained from the patients at
Xijing Hospital, named the PO generation, were placed in a serum free
RPMI-1640 medium (GIBCO, USA). Thereafter, these tumor tissues were
cut into 1-3 mm?® pieces, mixed with matrigel, and transplanted into the
nude mice. Next, the length (L) and width (W) of the subcutaneous
tumor tissues were measured and tumor volume was calculated using
the formula, V=1/2 x (w? x 1). When the volume of the tumors reached
800-1000 mm?, the mice were euthanized. Thereafter, the tumor tissues
were harvested and inoculated subcutaneously into different mice,
which were named the P1 generation. This procedure was repeated until
the P3 generation was obtained.

2.3. Experimental grouping and chemotherapy drug treatment

P3 generation PDX tumors (D37774, D42113, and E32051) were cut
into 1 mm?® blocks and inoculated subcutaneously into 30 nude mice.
When tumor tissues grew to 100-150 mm?, the mice were randomly
divided into six groups (n = 5), namely, the control group (control),
oxaliplatin treatment group (5 mg/kg), docetaxel treatment group (5
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mg/kg), irinotecan treatment group (50 mg/kg), pemetrexed (100 mg/
kg), and gemcitabine treatment group (100 mg/kg). All the mice in the
different groups were administered the respective drugs via intraperi-
toneal injection twice a week.

2.4. Immunohistochemical and immunofluorescence staining

Tumor tissues were fixed with 4% paraformaldehyde, embedded in
paraffin, sliced, and hydrated with xylene and gradient alcohol. After
antigen retrieval via microwave heating, endogenous peroxidase was
blocked. Goat serum was also blocked at 37 °C for 10 min, and the tis-
sues were incubated overnight with primary antibodies (CA19-9 anti-
body, Abcam, dilution ratio 1:100; Ki-67 antibody, Abcam, dilution ratio
1:100) at 4 °C. The tissues were incubated with biotin-labeled goat anti-
rabbit secondary antibody at room temperature in the dark for 20 min.
Next, 3,3'-diaminobenzidine staining, hematoxylin and eosin (H&E)
staining, hydrochloric acid alcohol differentiation, dehydration, sealing,
and neutral gum sealing were performed, and the proportion of positive
cells in the visual field were quantitatively analyzed using Image Pro
Plus 6.0 software. Some of the tumor tissues were fixed with 4%
formalin for apoptosis assay using the TUNEL assay kit (Abcam, dilution
ratio 1:100). Thereafter, the proportion of apoptotic cells in the visual
field was quantitatively analyzed via confocal microscopy.

2.5. CA19-9 detection in plasma

Cardiac blood was collected and centrifuged at 5000 rpm/min for 10
min. Thereafter, the supernatant was sent to the laboratory department
of Xijing Hospital for CA19-9 detection.

2.6. High-throughput sequencing

The control group samples (D37774, D42113, and E32051 tissues
not treated with gemcitabine) and the gemcitabine-treated D37774,
D42113, and E32051 samples were sequenced via high-throughput
transcriptome sequencing at Shanghai Kangcheng Bioengineering
Company. The first mock experiment was performed at a resolution that
was 1.5 times higher than that employed for the experiments involving
the control and gemcitabine specimens of the same model. Thereafter,
the average of the three groups of differentially expressed genes was
considered to establish the differential expressed gene dataset. Finally,
the heat map for these differentially expressed genes was then drawn
using a visualization software.

2.7. Bioinformatics analysis and screening of target genes

2.7.1. Principal component analysis (PCA)

PCA was based on The Cancer Genome Atlas (TCGA) and Genotype-
Tissue Expression (GTEx) databases, which can be accessed at http
://www.oncomine.org and http://gepia.cancer-pku.cn, respectively.
Using the visual analysis tool of the website, the differential gene dataset
for PCA analysis was entered, and the differences between tumor and
normal tissues with respect to the differentially expressed genes were
determined and verified.

2.7.2. Protein-protein interaction (PPI) analysis

PPI analysis was performed based on the STRING database, using the
http://string-db.org website visualization tools, topology optimization,
the differential gene datasets, and further screening of core datasets.

2.7.3. Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) analysis

Through GO and KEGG pathway enrichment analyses (https://www.
cbioportal.org), the biological functions, regulatory pathways, and
signaling pathways associated with the genes in the core dataset were
predicted.
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2.8. Real-time quantitative reverse transcription polymerase chain
reaction (qRT-PCR)

Total RNA was extracted using an RNA Extraction Kit (Tiangen
Biochemical Company) and reverse transcribed using an RNA Reverse
Transcription Kit (Takara, Japan). Finally, QRT-PCR was performed ac-
cording to the manufacturer’s instructions.

2.9. Statistical analyses

SPSS software version 21.0 was used for statistical analyses, and
countable data were presented as the mean + SD. One way ANOVA was
used for comparison among multiple groups of countable data followed
by Tukey test. Further, t-test was performed to compare two groups, and
Pearson’s correlation tests were performed to determine the degree of
linear correlation between two continuous variables. Statistical signifi-
cance was set at P < 0.05.

3. Results
3.1. Screening individual chemotherapy drugs

The three PDX models (D37774, D42113, and E32051) were suc-
cessfully established by subcutaneously transplanting fresh human
pancreatic cancer specimens into nude mice. Based on H&E staining, the
histology of the PDX-derived tumor tissues was identical to that of the
original samples obtained from the patients with pancreatic cancer
(Fig. 1A).

These PDX models were further selected to evaluate the therapeutic
effects of different chemotherapy drugs. As shown in Fig. 1B and C, the
growth rate of the D42113 model was relatively low, and after 45 d of
treatment, none of the tumor samples had volume > 1000 mm?, and the
average body weight of the mice in each of these D42113 groups was not
< 20 g. Further, the D42113 model that received docetaxel treatment
showed a higher tumor growth rate than the control group; no tumor
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inhibition was observed. Conversely, the gemcitabine, oxaliplatin, and
irinotecan groups showed significant tumor growth inhibition effects (P
< 0.01), indicating that the D42113 model was sensitive to gemcitabine,
oxaliplatin, and irinotecan (Fig. 1D). Regarding the D37774 model
group, the control group showed the fastest tumor growth rate, with an
average tumor volume > 1000 mm? by day 26 (Fig. 1E and F). At the end
of the treatment period, the volumes of the tumors corresponding to the
gemcitabine and docetaxel groups were < 100 mm? (P < 0.01 and P <
0.05, respectively), and all the tumor tissues showed high sensitivity to
these drugs. Notably, the tumor tissues also showed different chemo-
sensitivities to the other treatments, which failed to inhibit tumor
growth (P > 0.05) (Fig. 1G). Further, based on our observations, gem-
citabine was identified as the most suitable chemotherapeutic drug for
the E32051 PDX model. The relative results in this regard are shown in
Fig. 1H, I, and J.

Ki-67 expression in all PDX model tissues that showed a definite
response to the therapeutic effect of the different drugs was significantly
lower than that in the control tissues (P < 0.01, Supplemental Figs. 1-4).
However, there was no significant difference in Ki-67 expression be-
tween tissues with an unclear response to the therapeutic effects of the
different treatments and the control groups (P > 0.05; Supplemental).
Additionally, TUNEL assays (P < 0.01, Supplemental Fig. 5) clearly
revealed that gemcitabine treatment resulted in more obvious tumor cell
apoptosis. The plasma levels of CA19-9 corresponding to the gemcita-
bine, irinotecan, and oxaliplatin groups were lower than the clinical
reference values, and those corresponding to other groups were higher
than this reference value (P < 0.01, Supplemental Figs. 1-4). These
findings demonstrated that gemcitabine was the most suitable chemo-
therapeutic drug in all the PDX models.

3.2. High-throughput sequencing analysis of differentially expressed genes

High-throughput transcriptome sequencing demonstrated that 1192
differentially expressed genes were upregulated and 954 were down-
regulated, while 10,625 were not significantly different between the
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D37774 groups (Fig. 2A). The averages corresponding to the three
groups of data were used and the differentially expressed gene dataset
was screened out. The screening strategy is as shown in Fig. 2B and C.
After screening, 55 and 29 upregulated and downregulated genes,
respectively, were identified. These genes were selected from TCGA and
GTEx databases, and based on the pancreatic cancer database, PCA
revealed that the genes in the dataset could better distinguish tumor
tissues from normal tissues (Fig. 2D and E). To further narrow the scope
and screen key genes, the core dataset of the differentially expressed
genes was entered through the STRING database, the PPI was con-
structed, and the filtering of isolated genes was optimized via comple-
mentary analysis (Fig. 2F).

3.3. Analysis of differentially expressed genes

The top three upregulated genes and top three downregulated genes
are shown in Supplementary Tables 2 and 3, respectively. QqRT-PCR was
used to detect the expression levels and trend of these upregulated
(SAA1, HLA-DRBI, and LCN2) and downregulated (REG4, CA2, and
VSIG1) genes. Further, the sequencing results are shown in Fig. 3A, from
which it is evident that the expression levels and trends of the upregu-
lated and downregulated genes were consistent with the results of the
sequencing analysis. Furthermore, analysis based on the PEI Pancreas
Statistics database showed that the expression levels of REG4, CA2,
VSIG1, HLA-DRBI1, and LCN2 in pancreatic cancer tissues were higher
than those in adjacent tissues. However, no significant difference was
observed between the pancreatic cancer tissues and normal tissues with
respect to SAA1 expression of (Fig. 3B). Analysis based on the TCGA and
GTEx databases indicated that pancreatic cancer tissues showed higher
REG4, CA2, VSIG1, HLA-DRB1, and LCN2 expression levels than normal
tissues (Fig. 3C).

3.4. Potential role of LCN2 in pancreatic cancer

PPI results suggested that LCN2 is located in the central regulatory
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region, and possibly plays a key regulatory role in the gene dataset. Data
analysis also showed that LCN2 was significantly (P < 0.05) upregulated
in pancreatic cancer tissues; thus, it was our primary focus in this study.

GO enrichment analysis (Fig. 4A) showed that the core gene sets that
were enriched were those associated with biological processes, cell
components, and molecular function cycle (GO: 0007049), cell division
(G0O:0051,301), DNA replication (GO: 0006260), cell cycle regulation
(G0:0051,726), cell migration (GO: 0016,477), cell motility (GO:
0031,347), cell migration regulation (GO: 0030,334), cell motility
regulation (GO: 2000145), drug binding (GO: 0008144), and chemo-
attractant activity (GO: 0042,056). Additionally, the results obtained
suggested that the LCN2 core gene set possibly plays a key role in bio-
logical processes, such as cell cycle, DNA replication, cell cycle regula-
tion, cell migration, cell movement, cell migration regulation, drug
binding, and chemical inducer activity. KEGG pathway enrichment
analysis showed that the LCN2 core gene set was primarily enriched in
ferroptosis (path: hsa04216), apoptosis (path: hsa04210), cell adhesion
molecules (path: hsa04064), the NF-xB signaling pathway (path:
hsa04064), VEGF signaling pathway (path: hsa04370), and PI3K/Akt
signaling pathway (path: hsa04151). The results also suggested that the
LCN2 core gene set may regulate apoptosis, cell adhesion molecule, and
NF-kB signaling pathways. Further, the VEGF and PI3K/Akt signaling
pathways regulated the occurrence and development of pancreatic
cancer (Fig. 4B), and analyses based on the TCGA and GTEx databases
showed that the four stages of pancreatic cancer showed no differences
with respect to LCN2 expression (P > 0.05) (Fig. 4C). Overall survival
(0S) and disease free survival (DFS) analyses showed that the 5-year
survival of patients with high LCN2 expression levels was significantly
lower than that of patients with low LCN2 expression levels (Fig. 4D and
E). Based on a comparison between TCGA and GTEx databases, LCN2
expression in tumor tissues (18/31, 58%) significantly increased.
Further, LCN2 expression level in tumor tissues, such as stomach,
pancreas, and intestinal tumor tissues, was higher than that in normal
tissues, suggesting that LCN2 might be a potential biomarker for tumor
prognosis. From Fig. 4F, which shows the immunohistochemical
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staining of pancreatic cancer tissues in the PDX model library, it is
evident that LCN2 expression was negative in adjacent tissues (n = 6).
Most of the tumor tissues (n = 30) showed positive LCN2 expression
(26/30), and the statistical results were negative, positive, moderately
positive, and strongly positive for n = 4, n = 12, n = 10, and n = 4,
respectively (Fig. 4G and H).

To verify the potential role of LCN2 in pancreatic cancer, we selected
the gemcitabine-resistant cell line, AsPC-1/GEM-, and the gemcitabine-
sensitive cell line, AsPC-1 GEM+, to knockdown LCN2 and test the
sensitivity of its expression to this treatment. The results showed that
gemcitabine sensitivity was enhanced after LCN2 knockdown (Fig. 4I),
confirming that Lipocalin 2 levels can determine chemotherapeutic
output.

4. Discussion

PDX models maintain the majority of the key genes and signaling
pathways in primary tumors. Thus, they can better simulate the parental
genetic characteristics of patients with tumors [12]. Except for
hormone-sensitive tumors, the sex of immunodeficient animals has no
significant effect on PDX models of other tumors. Further, PDX and
biological tumor models from different patients will have different
biological and genetic characteristics. Thus, the effective target drugs for
one model are not suitable for other models from different sources [13].
These differences in characteristics make targeted drug screening and
individualized treatment necessary, and provide a good experimental
basis for screening suitable drugs for different patients with malignant
tumors. Thus, optimized treatment schemes can be made available,
thereby overcoming the problem of tumor drug resistance. Additionally,
the PDX model has unique advantages in tumor biology experiments
[14].

By measuring changes in tumor volume, we observed that gemcita-
bine significantly inhibited tumor growth in different PDX models and
showed the most suitable chemotherapeutic effect. Furthermore, there
are various tumor markers that are regarded as important indicators for
evaluating the therapeutic effect of chemotherapeutic drugs. Specif-
ically, plasma CA19-9 level is an auxiliary index for the clinical diag-
nosis and prognosis of pancreatic cancer [15]. In this study, we found
that after gemcitabine treatment, the plasma CA19-9 levels corre-
sponding to the three model groups were the lowest, indicating that
these tumor cells showed the lowest CA19-9 secretion abilities. Our
histological staining results also showed fewer ductal gland structures as
well as a normal cell morphology and prognostic trend for the gemci-
tabine treatment group. In pathological diagnosis, Ki-67 is an important
tumor proliferation marker [16]. In this study, gemcitabine treatment
significantly downregulated Ki-67 expression in each group. Consid-
ering the toxic and side effects of drugs, tumor growth inhibition, and
CA19-9 and Ki-67 auxiliary diagnostic indices, the most suitable
chemotherapeutic drugs for each model were selected. For the D37774
model, gemcitabine was identified as the most suitable chemotherapy
agent, followed by docetaxel. Thus, the use of these three chemothera-
peutic drugs for the D42113 model is recommended. For the E32051
model, gemcitabine was found to be most suitable, followed by irino-
tecan. Further, we observed that although there were significant dif-
ferences in the performance of the chemotherapy drugs in the three
models, the efficacy of gemcitabine was significant in all three cases; this
is consistent with the results of previous studies [17]. Accordingly, we
selected the gemcitabine treatment group and the control group samples
as screening items to perform gemcitabine sensitivity-related research.

We screened 84 differentially expressed genes via high-throughput
RNA-seq sequencing of gemcitabine-sensitive PDX model samples and
control samples. Based on these differentially expressed gene datasets,
PCA based on the TCGA pancreatic cancer database revealed that the
genes in the dataset could better distinguish tumor tissues from normal
tissues, indicating that the differentially expressed genes possibly play
an important role in the occurrence and development of pancreatic
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cancer. Additionally, the PPI network was constructed using the STRING
database, and the isolated genes were supplemented and optimized to
further narrow the scope and screen out gene sets with LCN2 as the
regulatory center, which may play a key role in regulating the sensitivity
of gemcitabine. Thereafter, GO and KEGG pathway enrichment analyses
were performed to predict the biological function of the LCN2 core
dataset. The results thus obtained showed that the LCN2 core gene set
possibly plays a key role in DNA replication, cell cycle regulation, cell
movement, cell migration regulation, drug binding, chemical inducer
activity, and other biological processes.

Moreover, pathway enrichment analysis showed that apoptosis, cell
adhesion-related molecules as well as the NF- kB, VEGF, and PI3K/Akt
pathways may regulate the biological characteristics of pancreatic
cancer PDX models. Stoesz [18] reported for the first time that LCN2 is
highly expressed in primary breast cancer. Consistent with this finding,
our immunohistochemical staining results showed that 39% of the
samples showed positive cytoplasm LCN2 staining. In a previous study,
out of 250 breast cancer tissues analyzed via western blotting, 109
(44%) showed LCN2 expression. Other studies have also shown that
LCN2 is expressed in urine and breast cancer cell line samples from
patients with invasive breast cancer tissues, and patients with metastatic
breast cancer [19]. Our analysis also showed an association between an
increase in LCN2 protein level and a decline of DFS rate, disease-specific
survival rate, and OS rate.

The analysis of the gene expression profiles of 19 pancreatic cancer
cell lines and pancreatic ductal epithelial cell lines revealed that LCNZ2 is
one of the genes with significantly increased expression in pancreatic
cancer [20]. In a study on colon cancer, Nielsen [21] selected 14 colo-
rectal adenocarcinoma and normal epithelial tissues surrounding the
cancer tissue for immunohistochemical analysis. The results of this
previous study indicated that compared with LCN2 expression in normal
epithelial cells, LCN2 staining in all the rectal adenocarcinoma samples
was strongly positive. Immunohistochemical staining results corre-
sponding to different thyroid tissues also displayed that the expression
level of LCNZ2 in papillary, follicular, and anaplastic thyroid cancer is
significantly higher than that in normal thyroid tissues. Further studies
have also demonstrated that the increase in LCN2 expression level is
directly proportional to the malignant phenotype of these tumors, with
the intermediate degenerative thyroid cancer showing the highest LCN2
expression level [22]. Based on the TCGA database, LCN2 expression in
tumor tissues (18/31, 58%) is significantly increased compared with the
GTEx database, suggesting that LCN2 may be used as a potential
biomarker for tumor prognosis [23]. In this study, immunohistochem-
ical staining also showed upregulated LCN2 expression in tumor tissues.
Therefore, we speculated that LCN2 may affect gemcitabine sensitivity
via a variety of molecular and signaling pathways.

Most previous studies have shown that LCN2 has a variety of bio-
logical characteristics and plays an important role in a variety of disease-
related processes. Additionally, LCN2 has been described as a potential
biomarker for cancer progression given its presence in urine and serum
samples from patients with breast cancer and pancreatic ductal adeno-
carcinoma (PDAC), respectively. Thus, it may represent a new
biomarker for early diagnosis, prognostication, and therapeutic target-
ing in PDAC [24]. Reportedly, LCN2 can be used as a predictor for early
cancer screening [22]. Moreover, it can regulate the occurrence and
development of several tumor types, especially pancreatic cancer, given
that it regulates apoptosis, invasion, angiogenesis, as well as the EMT
process [25]. Further, reports on the effect of LCN2 on gemcitabine
sensitivity are rare. We will further explore the role of LCN2 in gemci-
tabine resistance as this may provide a new therapeutic target for
drug-resistant pancreatic cancer.
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