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Abstract: Tumor samples of pancreatic ductal adenocarcinoma patients, who underwent resection surgery, were 
implanted into NOD/SCID mice to construct pancreatic cancer patient-derived xenograft (PDX) models and explore 
the biological changes in the different generations of PDXs. Ten PDXs were successfully generated, and the tumor 
formation rate of F1 PDXs was found to be 38.46%, which was lower than F2 (77.78%) and F3 (71.43%) PDXs. In 
addition, latent periods of tumorigenesis of F2 and F3 PDXs were significantly shorter, compared to that in F1 PDXs 
(P<0.05). Comparison of H&E staining of tumor tissue from primary pancreatic cancer and PDXs showed that all 
three generations of PDXs had similar histopathology to primary pancreatic cancer, indicating that PDXs may well 
reproduce the histological patterns of primary human cancer. Besides, Ki67 expression was increased in all three 
generations of PDXs compared to primary tumors of patients, and additionally, EpCAM expression was increased in 
F3 PDXs. These results were corroborated by the real-time qPCR and western blot results. Therefore, we concluded 
that PDXs are able to preserve the differentiation degree, morphological characteristics, and structural features of 
tumor cells. Furthermore, the latent periods of tumorigenesis are shortened after the first generation, which may 
be attributed to an increase in expression levels of tumor promoters such as Ki67 and EpCAM. PDX models may 
become an efficient tool for pancreatic cancer research.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is 
currently the 4th leading cause of cancer death, 
with an overall 5-year survival rate of approxi-
mately 5% [1, 2]. Most patients with PDAC, have 
advanced disease at the time of diagnosis and 
have lost the opportunity of resection surgery 
for the lack of visible and distinctive symptoms 
and reliable biomarkers for early diagnosis. 
Only around 15% of patients undergo resec-
tion, while for the remaining 85% of patients, 
chemotherapy and radiation are the only treat-
ment options [3, 4]. The lack of effective anti-
cancer drugs is one of the main reasons for the 

low treatment effective rate and survival rate of 
pancreatic cancer. However, research on anti-
cancer drugs rely on suitable animal models. 
Currently, the animal models used for drug eval-
uation are generally the xenograft models de- 
rived from human tumor cell lines which have 
been cultured in vitro [5, 6]. Although these 
models do have application value in evaluating 
drug toxicity and prognosis, the efficiency of 
drugs cannot be accurately judged due to ge- 
netic variations and the absence of tumor mi- 
croenvironment. Therefore, it is necessary to 
construct an animal model that can more accu-
rately reflect the development of human tumor, 
in order to overcome these problems [6-8]. 
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Establishment and comparison of PDXs from PDAC patients

3129 Am J Transl Res 2019;11(5):3128-3139

Patient-derived xenograft (PDX) models have 
become popular in recent years; PDX models 
are established by subcutaneously transplant-
ing tumor tissues of patients into immunodefi-
cient mice, such as NOD/SCID (Non-obese dia-
betic/severe combined immunodeficiency) mi- 
ce, which can mimic the tumor microenviron-
ment as primary tumors in the human body 
[9-12]. PDXs from various tumors have been 
constructed, such as breast cancer [13], co- 
lorectal cancer [14], and renal cell carcinoma 
[15]. However, due to low success rate, long 
tumorigenesis period, and high cost, the use of 
PDXs in clinical trials is still limited. Therefore, 
our responsibility in the long research path will 
be to resolve these problems and improve the 
success rate of PDX generation. In this study, 
we focus on the differences between the gen-
erations of PDXs, arising during PDX line pas-
saging, and oncological factors affecting tumor 
formation rate.

Materials and methods

Patients and samples

Surgically resected tumor specimens (n=31) 
and paired adjacent normal pancreatic tissues 
were obtained from patients diagnosed with 
pancreatic carcinomas, who underwent surgery 
at the Peking University Cancer Hospital from 
November 2013 to January 2014. None of th- 
ese patients received chemotherapy or radia-
tion therapy before surgery. Each specimen 
obtained, measured approximately 1×1×1 cm 
in size. Fresh tumor specimens were divided 
into three parts: one part was transferred to 
antibiotic-containing Dulbecco’s modified Ea- 
gle’s medium (DMEM; GibcoBRL, Life Techno- 
logies, Grand Island, NY, USA) for tumor trans-
plantation; one part was fixed in 4% formalin for 
Hematoxylin-eosin (H&E) or immunohistochem-
istry (IHC) staining; and the rest was immedi-
ately transferred to liquid nitrogen and stored 
at -80°C for future studies. Each part measured 
approximately 5×5×5 mm. This study was ap- 
proved by the medical ethics committee of 
Peking University Cancer Hospital and was car-
ried out in accordance with the approved 
guidelines.

Establishment of PDX models

All tumor specimens from the patients (termed 
F0) were subcutaneously inoculated into the 

right buttock of 5-week-old female NOD/SCID 
mice (Beijing HFK Bio-Technology Co., LTD, 
Beijing, China), weighting 18-20 g. Tumor speci-
mens were cut into small pieces (less than 1 
mm3) and mixed with Matrigel (100 μl per sam-
ple) (BD Biosciences, Heidelberg, Germany) for 
20 seconds at room temperature, immediately 
prior to xenotransplantation. Tumor growth was 
measured twice a week by a Vernier caliper, 
using the following formula: tumor volume = 
[length × width2]/2 as previously reported [16]. 
When the tumor size reached approximately 
1000 mm3, the xenograft mouse was sacrificed 
under anesthesia, and the tumor was excised 
and divided into three parts, identical to the 
procedure followed for the human specimens. 
The DMEM-stored portion was used to re-inoc-
ulate the mice to obtain subsequent genera-
tions containing the tumor mass. This genera-
tion of mice, receiving the patient tumor trans-
plant, was termed F1. Similarly, the following 
generations were termed F2, F3…Fn respec-
tively [17]. Therefore, PDXs derived from one 
patient was called a PDX line. Mice were kept in 
the animal facilities of the Peking University 
Cancer Hospital and maintained in specified 
pathogen-free conditions. Animals were expo- 
sed to 12 h light/12 h darkness cycles and pro-
vided with standard food and water ad libitum. 
All procedures were performed under sterile 
conditions and carried out in accordance with 
the Guide for the Care and Use of Laboratory 
Animals of the National Institutes of Health.

RNA extraction and gene expression analysis

RNA was extracted from the tumor and adja-
cent normal tissue of patients, and from the 
xenograft tissue of the PDXs, using TRIZOL 
reagent (Thermo Fisher Scientific), according to 
the manufacturer’s instructions. cDNA was syn-
thesized from the extracted RNA, using the 
EasyScript First-Strand cDNA Synthesis Su- 
perMix kit (Invitrogen). PCR amplification was 
performed using the following primers: EpCAM, 
5’-GCAGCTGTGGGTTGATTCCA-3’ (forward) and 
5’-GGGCCAGACCATCGCTATCT-3’ (reverse); MK- 
I67, 5’-CCTTTGGTGGGCACCTAAGA-3’ (forward) 
and 5’-CTTTTGGTTGGGGCTTCTCC-3’ (reverse); 
KRAS, 5’-TGCCTTGACGATACAGCTAA-3’ (forwa- 
rd) and 5’-CCAAGAGACAGGTTTCTCCA-3’ (rev- 
erse); GAPDH, 5’-AAGACGGGCGGAGAGAAACC- 
3’ (forward) and 5’-CGACCAAATCCGTTGACTC- 
CG-3’ (reverse). Quantitative detection of the 
relative mRNA levels for the EpCAM, MKI67, 
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and KRAS genes was performed with ABI 7500 
Fast Real-Time PCR System. PCR amplification 
was carried out in a total volume of 20 μl, con-
taining 1 μl cDNA solution, 10 μl of 2×qPCR 
MasterMix (ABM, Inc.), 1 μl each primer at 5 μM 
concentration, and 7 μL of nuclease-free water. 
GAPDH was quantified and used for the normal-
ization of expression values of the other genes. 
The 2-ΔΔCT method of relative quantification was 
used to determine the fold change in expres-
sion. Here, the threshold cycle (CT) values of the 
target mRNAs were first normalized to the CT 
values of the internal control, GAPDH, in the 
same samples (ΔCT = CTtarget - CTGAPDH), and fur-
ther normalized with the internal control (adja-
cent normal tissues of patients were used as 
internal control) (ΔΔCT =  ΔCT - ΔCTcon). Fold 
change in expression was then obtained (2- 
ΔΔCT).

Western blot analysis

About 50 mg of tissue was homogenized in 
T-PER™ Tissue Protein Extraction Reagent 
(Thermo Scientific, Inc.). Protein concentration 
was determined using the Bradford method. 
About 30 μg of protein was subjected to sodium 
dodecyl sulfate polyacrylamide gel electropho-
resis (SDS-PAGE) on 10% polyacrylamide gels. 
Thereafter, proteins were electrophoretically 
transferred to polyvinylidene fluoride (PVDF) 
membranes (Millipore, Bedford, MA, USA). After 
transferring, the membranes were blocked for 
2 h at room temperature with 5% nonfat dry 
milk in TBS-Tween 20 (TBS-T), followed by incu-
bation overnight at 4°C with the following pri-
mary antibodies: anti-EpCAM antibody (1:1000, 
Abcam, Cambridge, MA, USA, cat # ab71916), 
anti-KRAS antibody (1:500, Abcam, Cambridge, 
MA, USA, cat # ab180772) and anti-β-actin 
antibody (1:1000, CST, Danvers, MA, USA, cat 
# 4967). After three washes in TBS-T, mem-
branes were probed with the appropriate HRP-
linked secondary antibodies. The blots were 
visualized by luminal chemiluminescence Ch- 
emiDoc XRS (Bio-Rad) and scanned by Quantity 
One v 4.6.2 software (Bio-Rad). The protein 
band density was measured using Quantity 
One v 4.6.2 software (Bio-Rad). 

H&E and immunohistochemistry staining

Patient tumor specimens or xenografts were 
fixed in 4% formalin solution before embedding. 
H&E staining kits (C0105, Beyotime, China) 
were used to perform H&E staining following 

the manufacturer’s instruction. IHC experi-
ments were performed as described previously 
[18]. States of Ki67 and EpCAM (Epithelial Cell 
Adhesion Molecule) expression were evaluated 
using anti-Ki67 (1:100; ab15580, Abcam Inc., 
Cambridge, CA, USA) and anti-EpCAM (1:10000; 
ab71916, Abcam Inc., Cambridge, MA) antibod-
ies in every tumor specimen obtained from 
patient or PDX. H&E and IHC staining was re- 
viewed and scored by two independent pathol-
ogists who were blinded to this study. For the 
semiquantitative evaluation of Ki67 and EpCAM 
staining, the Remmele/Stegner immunoreac-
tive score (IRS score) [19] was used. The inten-
sity of cytoplasmic expression was graded from 
0 to 3: 0 as negative staining; 1 as weak; 2 as 
medium; 3 as strong intensity. The score was 
obtained by multiplying the grade with a factor 
determined by the percentage of positive tu- 
mor cells (0-10%/1; 10-50%/2; 50-80%/3; 
80-100%/4). 

Statistical analysis

Unpaired 2-tailed t tests were used for group 
comparisons after verifying normality and 
homogeneity of variance. Differences in the 
tumor volumes and comparison of gene expres-
sion for these groups were analyzed using one-
way analysis of variance (ANOVA). The relation-
ships between clinicopathological characteris-
tics and transplantation rate of xenografts were 
analyzed using the chi-square test and Fisher’s 
exact test. All 26 pancreatic cancer patients 
were evaluated for overall survival (OS) and 
progression-free survival (PFS). OS was defined 
as the elapsed time between the inclusion date 
and death due to any cause. PFS was defined 
as the elapsed time between the date of inclu-
sion and the date of tumor progression. All 26 
patients did not die within 30 days of surgery. 
The Kaplan-Meier method was used to analyze 
OS or PFS, and log-rank test was used to esti-
mate the difference. P values less than 0.05 
(P<0.05) were considered to be statistically sig-
nificant. All statistical analyses were performed 
using IBM SPSS 25.0 software (SPSS Inc., 
Chicago, IL, USA). 

Results

Clinicopathological characteristics of the pa-
tients

Fresh pancreatic tumor tissues were obtained 
from 31 patients totally to establish the PDX 
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models. Among these cases, 5 patients were 
diagnosed with non-ductal adenocarcinoma 
and were excluded. The other 26 patients were 
finally enrolled for the xenograft study (Figure 
1). The details of these enrolled patients are 
listed in Table 1. The average age of the pa- 
tients was 60.38 years (60.38±11.2); females 
and males comprised 53.8% (n=14) and 46.2% 
(n=12), respectively. Majority of these tumors 
occurred in the body and tail of the pancreas, 
most of them showing middle differentiation. 
Lymph node (LN) metastasis was present in 
46.2% of the patients (n=12), while one patient 
was diagnosed with distant metastasis.

PDX generation in NOD/SCID mice

We successfully produced 10 F1 PDXs out of 
the 26 tumor grafted, representing a 38.46% 
success rate. The observed success rate of the 
following F2 and F3 PDXs were 77.78% and 
71.43%, respectively. Success rates of F2 and 
F3 were higher than F1 PDXs (Table 2), although 
the difference was not statistically significant. 
Furthermore, the average time to tumor forma-
tion of F2 and F3 PDXs were 56.43±12.37 and 
51.20±11.34 days, respectively, both being 
significantly higher than that of the F1 PDXs 
(71.50±28.44). Furthermore, the F3 PDXs sh- 
owed a significantly shorter time for tumor for-
mation than the F2 PDXs. 

Comparison of histopathological characteris-
tics 

Differentiation of xenografts was judged and 
compared to the primary tumors of patients by 
two independent pathologists. H&E staining 

was performed to compare the histopathology 
between patient tumors and xenograft tumors. 
Our results showed that PDXs could preserve 
tumor glandular structure of pancreatic ductal 
adenocarcinoma, degree of differentiation, and 
stromal content (Figure 2; Table 3). 

Comparison of relevant biomarkers 

We compared the mRNA expression of MKI67, 
EpCAM and KRAS in patient tumors and xeno-
graft tumors by qPCR (Figure 3A-C, respective-
ly). The results showed that, mRNA expression 
of MKI67, EpCAM and KRAS was increased in 
all generations of PDXs as compared to that in 
the tumors from patients (F0). Furthermore, 
significant differences were observed in MKI67 
expression of F1 PDXs compared to F0 (P= 
0.040) and in EpCAM expression of both F2 
and F3 PDXs, compared to F0 (P=0.031, 
P=0.020, respectively). Western blot results 
further verified the increased expression of 
EpCAM and KRAS in the three generations of 
PDXs, compared to F0 (Figure 3D). We further 
reconfirmed the Ki67 and EpCAM expression in 
patient tumors and xenograft tumors by IHC 
(Figure 3E, 3F, respectively). Indeed, mean IRS 
for Ki67 in F1 (9.8±2.0), F2 (10.6±1.9), and F3 
(10.6±1.9) were significantly higher than in the 
primary patient tumors (F0) (7±1.41) (P=0.03, 
P=0.007, P=0.007, respectively) (Figure 3G). 
However, mean IRS for EpCAM, was significant-
ly higher only in F3 (11.4±1.3), compared to F0 
(7.8±2.7) (P=0.016) (Figure 3H). 

Correlation between transplantation rate of F1 
PDXs and clinicopathological characteristics

Our results showed that the transplantation 
rate of F1 PDXs displayed statistically signifi-
cant association with alcohol consumption 
(P=0.049) (Table 4). However, no significant 
correlations between transplantation rate of F1 
PDXs and other clinicopathological characteris-
tics was observed.

Correlation of transplantation rate of F1 PDXs 
with postoperative survival

The survival analysis results demonstrated no 
statistically significant association between 
transplantation rate of F1 PDXs and OS or PFS 
(Figure 4). Therefore, the transplantation rate 
of F1 PDXs may not be a predictor of prognosis 
in these patients.

Figure 1. Flow diagram 
from acquisition of pan-
creatic tumor to trans-
plantation in mice.
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Discussion

Pancreatic cancer has become the fourth lead-
ing cause of cancer-related death worldwide, 
and the overall 5-year survival rate is less than 
5% [20]. Surgery remains the only option to 
cure pancreatic cancer, and raises the 5-year 
survival rate up to approximately 20% [21]. 
However, most patients miss the opportunity of 
surgical resection when diagnosed with pan-
creatic cancer, therefore chemotherapy be- 
comes one of the main options for treatment. 
Both palliative chemotherapy and adjuvant 
chemotherapy can prolong the survival time of 
patients to some extent, while due to individual 
differences, the overall effect is limited. To pre-
dict the effect of anti-cancer agents before 
administering to patients, animal models are 
enrolled in most of the drug pre-clinical studies. 
Currently, most of the pancreatic cancer animal 
models are generated by inoculating human 
cell lines into immunodeficient animals. Al- 
though, these models are useful for quantifying 
the growth of tumor cells in vivo, they often do 
not maintain the proliferation pattern and 
structures of the original tumors. Furthermore, 
due to prolonged culture in vitro, the informa-
tion about tumor microenvironment might be 
lost. Therefore, animal models based on cell 
line inoculation cannot reflect the condition of 
the original tumor objectively. Therefore, animal 
models possessing the characteristic of patient 
tumors are urgently needed in cancer research.

The use of patient-derived xenografts provides 
convincing experimental evidence to the devel-
opment of personalized medicine. Besides, 
PDXs have been used to evaluate the effects of 
anti-cancer drug combinations, identify bio-
markers and help studies of resistance mecha-
nisms [22]. Generally, most researchers choose 
NOD/SCID mice to generate PDXs, which are 
produced by hybridizing severe combined im- 
munodeficiency (SCID) mice, lacking functional 
B and T cells, and non-obese diabetic (NOD) 
mice [23]. The NOD/SCID mice have additional 
immunological defects, including low natural 
killer (NK) cell function and absence of circulat-
ing complement components [24]. The success 
rate of xenotransplantation in NOD/SCID mice 
was significantly higher than that of SCID mice, 
making the NOD/SCID mice an ideal animal for 
the study of PDXs. However, studies evaluating 
the differences among passages of PDXs are 

Table 1. Clinicopathological features of the 
26 pancreatic cancer patients

Clinicopathological features No. of 
patients

% of  
patients

Gender 
    Female 14 53.8
    Male 12 46.2
Age (years)
    <60 12 46.2
    ≥60 14 53.8
Smoking history
    No 19 73.1
    Yes 7 26.9
History of alcohol consumption
    No 21 80.8
    Yes 5 19.2
Tumor size (cm)
    <3.8 13 50.0
    ≥3.8 13 50.0
Tumor location
    Head 8 30.8
    Body/tail 18 69.2
Vascular thrombosis
    No 15 57.7
    Yes 11 42.3
Differentiation 
    Moderate 20 76.9
    Poor 6 23.1
TNM stage
    I-II 12 46.2
    III-IV 14 53.8
Lymph node metastasis
    Present 12 46.2
    Absent 14 53.8
Distant metastasis
    Present 1 3.8
    Absent 25 96.2
CA19-9 (U/ml)
    <1400 19 73.1
    ≥1400 7 26.9
CEA (ng/ml)
    <17 22 84.6
    ≥17 4 15.4
CA72-4 (U/ml)
    <8 18 69.2
    ≥8 8 30.8
CA242 (U/ml)
    <90 19 73.1
    ≥90 7 26.9



Establishment and comparison of PDXs from PDAC patients

3133 Am J Transl Res 2019;11(5):3128-3139

Table 2. Tumor formation rate and latency period of xenografts
F1 mice F2 mice F3 mice

Tumor formation rate (success/total PDX lines) 38.46% (10/26) 77.78% (7/9) 71.43% (5/7)
Mean time (days) 71.50±28.44 56.43±12.37* 51.20±11.34*,#

Metastasis - - -
*Compared with F1 PDXs, P<0.01. #Compared with F2 PDXs, P<0.01.

Figure 2. PDX generation in NOD/SCID mice. Representative H&E staining results of tumors from five patients and 
their three corresponding passages of xenografts (×200).
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rare. DeRose Y.S. et al. found that after several 
generations of transplantation, mesenchymal 
cells from the original tumor of the patient were 
gradually replaced by the mesenchymal cells of 
mice that caused the enrichment of cytokeratin 
expression in the tissues [11]. Therefore, it is 
necessary to further study how the characteris-
tic of original tumor changes during PDX line 
passaging.

Previous studies have reported the tumor for-
mation rate of PDXs to be around 40%-60% 
[25-29]. In our study, the tumor formation rate 
of F1 PDXs was slightly lower than that reported 
in previous studies, which may be attributed to 
the following reasons: 1. Degree of differentia-
tion of the tumors in the enrolled patients were 
varied in different reports, success rates of 
xenografts tend to be higher with tumors re- 
sected from highly malignant pancreatic can-
cers; 2. Only 26 cases of pancreatic duct ade-
nocarcinoma patients were observed in our 
study, therefore limitations associated with 
small sample size may have been responsible 
for the observed discrepancy; 3. Restricted by 
surgical specimens, each original tumor was 
transplanted into one NOD/SCID mouse, there-
fore, individual differences between mice might 
have affected the results. According to a previ-
ous study, it takes 1-12 months to develop 
tumors in the first generation of PDXs, after 
which, the time for tumor generation is reduced 
in the following generations, usually being 1-6 
months for the F2 PDXs [30]. Uncertain tumor 
cell content, presence of necrotic tissue or 
macrophages and NK cells in the fresh tumor 
specimens resected from patients, may lead to 
a lower tumor formation rate in the F1 PDXs. 
Furthermore, samples with low tumorigenicity 
might have been selected for establishment of 
the F1 PDXs, leading to longer latent periods of 
tumorigenesis. Nonetheless, tumor formation 

rates of the F2 and F3 PDXs were greatly 
improved, and the latent periods of tumorigen-
esis were shorter than the F1 PDXs. As the 
latent periods of tumorigenesis of the F3 PDXs 
were slightly shorter than that of the F2 PDXs, 
we reckon that the malignancy and microenvi-
ronment were more stable after expanding the 
PDX lines. Comparison of the tumor formation 
rates in all three generations of PDX lines dis-
played no statistical significance, which may be 
attributed to the small sample size. 

H&E staining results of primary and PDX tumors 
showed that PDXs could reproduce the histo-
logical morphology and pathology, as well as 
the degree of differentiation of the original 
tumors. Moreover, the characteristics of the 
cellular structure were maintained during pas-
sages (Figure 2; Table 3). The gene expression 
levels of MKI67 and EpCAM were increased in 
PDXs during passaging of the tumor (Figure 3A, 
3B). KRAS gene expression also showed an 
increase, although it was not statistically sig-
nificant (Figure 3C). The protein expression 
results of EpCAM and KRAS also corroborated 
the findings of the gene expression experi-
ments (Figure 3D). Furthermore, the results of 
IHC for Ki67 and EpCAM showed that, during 
passage of the tumor in the PDXs, Ki67 expres-
sion was significantly increased in all three gen-
erations of PDXs, while EpCAM expression was 
significantly increased only in the third genera-
tion (Figure 3). As it is widely known, Ki67 is 
usually used as a proliferative marker [31, 32], 
and can specifically label proliferative cells at 
mitotic phase [33]. EpCAM is a transmembrane 
glycoprotein involved in cell-cell interactions 
and cell-stroma adhesion [34]. EpCAM is highly 
up-regulated in virtually all epithelial carcino-
mas, including pancreatic cancers [35-38]. Si- 
nce there are no specific biomarkers for pan-
creatic cancer, we chose Ki67 and EpCAM to 
determine whether PDX lines could duplicate 
the malignancy and expression pattern of some 
of the biomarkers of the primary tumor. Indeed, 
our results showed that PDX lines not only 
maintained the expression of Ki67 and EpCAM, 
but in addition, the expression level of these 
markers was increased. These interesting find-
ings may explain the shorter latent periods of 
F2 and F3 PDXs, compared to the F1 PDXs, to 
some extent. KRAS is one of the most frequent-
ly mutated proto-oncogenes in PDAC patients, 
and besides mutations, overexpression, allelic 

Table 3. Comparison of differentiation of primary 
tumors of patients and xenografts

Case Patient  
primary tumor

Xenograft
F1 F2 F3

002 Moderate Moderate Moderate Moderate
012 Moderate Moderate Moderate Moderate
024 Moderate Moderate Moderate Moderate
025 Moderate Moderate Moderate Moderate
026 Moderate Moderate Moderate Moderate
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imbalance, and gene fusion are also known to 
activate KRAS [39]; activated KRAS can trans-
form normal cells into malignant cells [40, 41]. 
In our research, KRAS gene and protein level 
showed an increasing trend during tumor pas-
sage in PDXs, although it was not statistically 
significant. This may be attributed to the limited 
number of samples in our study. 

To our surprise, the transplantation rate of F1 
PDXs was found to be significantly correlated to 
alcohol consumption (Table 4). Yuri Persidsky 
et al. have reported that alcohol abuse had 
influence on neuroinflammation and impaired 
immune responses in animal models based on 
NOD/SCID mice [42]. While there are no reports 
on whether the alcohol level in patients’ blood 

Figure 3. Expression of relative biomarker. A. qPCR result of MKI67 gene expression; B. qPCR result of EpCAM gene 
expression; C. qPCR result of KRAS gene expression; D. Western blot result of KRAS and EpCAM; E. Representative 
IHC results of Ki67 expression of F0 and three corresponding passages of xenografts; F. Representative IHC results 
of EpCAM expression of F0 and three corresponding passages of xenografts; G. Immunoreactive Remmele-Stegner 
Score (IRS) for Ki67 expression. H. IRS for EpCAM expression. *P<0.05, **P<0.01 compared with tumors of F0. 
(×200, bar in the lower right corner of each photo represents 100 μm).
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has specific effects on mice, we 
shall enroll more patients in our 
further study to validate the find-
ings and reveal the potential mo- 
lecular mechanisms.

PDXs have strong application va- 
lue for testing new anti-cancer 
drugs and drug combinations in 
pancreatic cancer research. Ho- 
wever, due to low success rate, 
long tumorigenesis period and 
high cost, the use of PDXs in clini-
cal trials is restricted. In our fu- 
ture research, we will focus on 
how to improve the tumor forma-
tion rate and shorten the tumori-
genesis period. The first three 
generations of PDXs are particu-
larly important, as after F3 PDXs, 
we can expand passage and start 
drug sensitivity tests. Usually, the 
first three generations of PDXs 
are used to breed conservation. 
Therefore, data from only the first 
three generations of PDXs were 
collected in our study, and we will 
continue to further study the tu- 
morigenesis mechanism of PDXs 
and carry out drug susceptibility 
experiments in the future to get 
more in-depth and comprehen-
sive data. We hope that our re- 
search will provide a comprehen-
sive and objective basis for PDX 
study.
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Table 4. Correlations between transplantation rate and clinico-
pathological parameters

Clinicopathological features No. of  
patients (%)

Transplantation  
rate (%) P

Gender 0.483
    Female 14 (53.8%) 50.0% (7/14)
    Male 12 (46.2%) 25.0% (3/12)
Age (years) 0.191
    <60 12 (46.2%) 25.0% (3/12)
    ≥60 14 (53.8%) 50.0% (7/14)
Smoking history 0.124
    No 19 (73.1%) 47.4% (9/19)
    Yes 7 (26.9%) 14.3% (1/7)
History of alcohol consumption 0.049
    No 21 (80.8%) 47.6% (10/21)
    Yes 5 (19.2%) 0.0% (0/5)
Tumor size (cm) 0.420
    <3.8 13 (50.0%) 30.8% (4/13)
    ≥3.8 13 (50.0%) 46.2% (6/13)
Tumor location 0.420
    Head 8 (30.8%) 50.0% (4/8)
    Body/tail 18 (69.2%) 33.3% (6/18)
Vascular thrombosis 0.315
    No 15 (57.7%) 46.7% (7/15)
    Yes 11 (42.3%) 27.3% (3/11)
Nerve invasion 0.192
    No 9 (34.6%) 55.6% (5/9)
    Yes 17 (65.4%) 29.4% (5/17)
Differentiation 0.508
    Moderate 20 (76.9%) 35.0% (7/20)
    Poor 6 (23.1%) 50.0% (3/6)
TNM stage 0.756
    I-II 12 (46.2%) 41.7% (5/12)
    III-IV 14 (53.8%) 35.7% (5/14)
Lymph node metastasis 0.619
    Present 12 (46.2%) 33.3% (4/12)
    Absent 14 (53.8%) 42.9% (6/14)
Distant metastasis 0.529
    Present 1 (3.8%) 0.0% (0/1)
    Absent 25 (96.2%) 40.0% (10/25)
CA19-9 (U/ml) 0.780
    <1400 19 (73.1%) 36.8% (7/19)
    ≥1400 7 (26.9%) 42.9% (3/7)
CEA (ng/ml) 0.102
    <17 22 (84.6%) 31.9% (7/22)
    ≥17 4 (15.4%) 75.0% (3/4)
CA72-4 (U/ml) 0.946
    <8 18 (69.2%) 38.9% (7/18)
    ≥8 8 (30.8%) 37.5% (3/8)
CA242 (U/ml) 0.235
    <90 19 (73.1%) 31.6% (6/19)
    ≥90 7 (26.9%) 57.1% (4/7)
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