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Background: Patient-derived xenograft (PDX) models are biologically stable and can accurately reflect 
the primary tumor in histopathology and genetic expression in many cancers. In lung cancer, the models’ 
engraftment rate by endobronchial ultrasound transbronchial needle aspiration (EBUS-TBNA) and 
computed tomography (CT)-guided biopsy is exceptionally low, and this limits the development of PDX 
models in lung cancer research. In this study, we aimed to improve the traditional method, and explore the 
feasibility and convenience of establishing lung cancer PDX models using the samples directly from surgical 
resection. We also endeavored to explore the correlation between PDX formation and primary tumor B7-H3 
protein expression.
Methods: From September 2017 to July 2018, 24 patients were enrolled in this study. The pathological 
diagnoses were as follows: 15 adenocarcinomas, 7 squamous cell carcinomas, 1 large cell carcinoma, and 
1 small cell carcinoma. The tumor tissues were cut into sizes of 2×2×2 mm3/fragment and inoculated 
subcutaneously into immunodeficiency mice with a trocar needle. The engrafted tumors were passaged at 
least 3 generations, and B7-H3 IHC staining was performed on primary tumors. To explore the correlation 
between PDX formation and B7-H3 protein expression, we also performed H&E staining to evaluate 
whether the established PDX models could retain the histological features of the primary tumor.
Results: Xenograft formation success was achieved in 19 out of 24 cases (79.2%). The time between 
implantation to tumor formation was an average of 81.5 days (27–154 days) in P1, an average of 44.4 days  
(14–122 days) in P2, and an average of 26.9 days (12–75 days) in P3. The diameter of the tumor was 
associated with tumor engraftment: the longer the diameter, the easier engraftment formation was (P=0.0342). 
The data also suggests that lung cancers with B7-H3 expression greatly induced PDX formation (P=0.0375). 
The histological characters of each passage resembled the primary tumors.
Conclusions: This study shows that the samples from carefully selected lung cancer by surgical resection 
can be used for the establishment of PDX models with a high success rate; this improved method is closer 
to actual clinical work. Compared with the same kind of research, the success rate of the xenograft indicates 
significant improvement, so this improved method is suitable for promotion and application. The results 
of H&E staining showed that the histological characters of each passage resembled the primary tumors. 
Furthermore, the diameter of the tumor was associated with tumor engraftment, and higher B7-H3 
expression demonstrated a statistically significant difference compared with the PDX model formation.
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Introduction

Today, lung cancer, especially non-small cell lung cancer 
(NSCLC), has become one of the most common tumors 
in the world (1). The therapeutic regimen of lung cancer 
includes surgical resection, chemotherapy, radiotherapy, 
targeted therapy, and immunotherapy. The preclinical 
model is indispensable for cancer research, and the use 
of this model is a core component in every aspect of 
translational cancer research, ranging from the biological 
understanding of the disease to the development of new 
treatments. Over the past 40 years, the NCI-60 cancer 
cell line panel has been the best-characterized and most 
frequently used collection of human cancer models used for 
in vitro drug screening and development. Although these 
cell lines are convenient and easy to use, they lack predictive 
value with regards to activity in specific cancer types in 
clinical trials (2). Patient-derived tumor xenograft (PDX) 
models have become the preferred animal model in cancer 
research, preclinical cancer research, high-throughput drug 
screening, and assessment. In the current research, PDX 
models are biologically stable and can accurately reflect the 
primary tumor in histopathology and genetic expression (3).  
Using the samples from endobronchial ultrasound 
transbronchial needle aspiration (EBUS-TBNA) and 
computed tomography (CT)-guided biopsy, the success 
rate of model formation in lung cancer ranges from 26% to 
47.1%. This low rate of successful implantation has limited 
the PDX models’ application. 

Surgery is the best available treatment in NSCLC 
stage I to III. From surgical resection, we can acquire 
sufficient samples to establish the PDX models. In this 
study, we improved the traditional method and evaluated 
the feasibility of establishing PDX models using surgical 
resection samples. Thus, PDX models remain the preferred 
method to understanding many cancers and drug responses 
in pre-clinical research (4,5).

The B7 family, an important family of co-stimulatory 
molecules, has been shown to play a critical role in T cell 
activation (6,7). B7-H3, a newly identified member of the 
B7 family, has recently gained attention in the field. It was 
identified in 2001 by database searches of a human dendritic 
cell (DC)-derived cDNA library (8). Its mRNA was found to 
be widely expressed in normal human tissues, but the B7-H3  
protein was rarely expressed in normal organs (6). It has 
been reported that B7-H3 protein was overexpressed in a 
wide variety of solid tumors, including lung cancer, breast 
cancer, renal cancer, ovarian cancer, colorectal cancer, and 

hepatocellular cancer (9-14). 
In NSCLC, the expression of B7-H3 was positively 

correlated with the number of tumor-infi ltrating 
lymphocytes, and the higher expression of B7-H3, the 
higher the probability that patients would develop lymph 
node metastasis, and the worse the prognosis would be in 
NSCLC patients (9). As a tumor-associated antigen, its 
tumor immunological function is still controversial, which 
may be related to the activation status of T cells (15). 
Except for its immunological function, B7-H3 also plays a 
non-immunological role in cancer progression (16). It may 
be involved in tumor invasion, recurrence, and metastasis. 
Studies have found that B7-H3 can promote cell epithelial–
mesenchymal transition (EMT) through the JAK2-STAT3 
pathway, which further promotes the invasion, recurrence, 
and metastasis of tumor cells (17,18). By silencing the 
B7-H3 gene of tumor cells, the invasion and migration 
ability of tumor cells is significantly reduced (17). High 
expression of B7-H3 tends to predict high aggressiveness 
and poor clinical prognosis of tumors (12,19). In this study, 
immunodeficient mice were used as the host to avoid the 
interference of the immunological function of B7-H3, and 
to explore whether the B7-H3 expression level of primary 
tumors would affect the success rate of modeling.

Different strains of mice and different inoculation 
sites will lead to different modeling success rates. Taking 
NSCLC as an example, Fichtner et al. (20) transplanted 
fresh specimens into NOD/SCID mice subcutaneously, and 
the success rate was only 25%. However, by inoculating 
under the renal capsule into NOD/SCID mice, Dong  
et al. (21) reported a modeling success rate of up to 90%. 
Nakajima et al. (22) subcutaneously inoculated the samples 
into NSG mice, with a success rate of 42%.

The engraftment rate of PDX models will directly affect 
the cost of the experiment, the length of the experimental 
period, and the clinical value of pharmacodynamic tests. 
Meanwhile, the lower rate will also affect the development of 
precision medicine and individualized treatment. We hope 
that this study can help improve and optimize the traditional 
implantation method, make the modeling process closer to 
clinical practice, simplify the operation process, increase the 
success rate of the modeling as much as possible, and do so 
while controlling costs. We also analyzed the relationship 
between the success rate and clinical data, including patients’ 
gender, age, tumor size, lymph node metastasis, TNM stage, 
etc. B7-H3 protein expression intensity in primary tumors 
was analyzed using immunohistochemistry (IHC) staining, 
analysis of the relationship between B7-H3 expression level, 
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and engraftment rate. The established models in this study 
also serve as a carrier for subsequent pathogenesis, targeted 
therapy, and drug efficacy tests of NSCLC.

Methods 

Patients and tumor samples

In this study, the first passage of PDX models was created 
from tumor specimens of treatment-naive patients—all 
patients who were diagnosed with lung cancer or were 
suspicious for lung cancer. All the specimens were cut 
directly from the surgery performed by the First Affiliated 
Hospital of Soochow University, and the diagnosis was 
certified on fast icy cross-section during the operation.

Establishment of patient-derived tumor xenografts in 
immune-defective mice

Fresh tumor specimens were maintained in Custodiol® 
HTK-Solution in the refrigerator with the temperature 
was set at 4 ℃, and the implantation was performed within 
24 h after surgery. The tumor tissues were cut into sizes of 
2×2×2 mm3/fragment and then inoculated subcutaneously 
into 6–8-week-old NPG/Vst female mice with a trocar 
needle. This mouse strain was used in the initial xenograft 
passage to provide optimal engraftment conditions in the 
absence of mature lymphocytes and NK cells. Once tumors 
were engrafted, the following generation PDX models 
were supported by the NOD-SCID mice to achieve stable 
model establishment. Tumor growth was measured twice 
a week using a Vernier caliper. The tumor-bearing mice 
were sacrificed, and the tumors were removed when the 
tumors grew up to 750 mm3 or if the health of the mice was 
compromised. The tumor tissues were separated and sliced 
into several pieces, some for serial passage into new mouse 
hosts as described above, the others stained with H&E 
staining for histological review and cryopreservation at  
−80 ℃ for further analyses. Engrafted tumors were passaged 
for at least 3 generations (called P1, P2, P3, and so on). All 
procedures were performed under sterile conditions at the 
SPF facility. All interventions and animal care procedures 
were performed following the Guidelines and Policies for 
Animal Surgery provided by our hospital and were approved 
by the Institutional Animal Use and Care Committee.

Immunohistochemistry

Immunohistochemistry was performed as follows: 4-µm thick 

consecutive sections were cut by a microtome, dewaxed in 
xylene, and rehydrated through graded ethanol solutions. 
Antigens were retrieved by heating the tissue sections at  
100 ℃ for 30 min in the EDTA solution. Sections were 
cooled down and immersed in 0.3% H2O2 solution for  
20 min to block endogenous peroxidase activity, and then 
rinsed in PBS for 5 min, blocked with 5% BSA at room 
temperature for 20 min, and incubated with primary 
antibodies against B7-H3 at 4 ℃ overnight. Negative 
controls were performed by replacing the specific primary 
antibody with PBS. Following a PBS wash, sections were 
incubated with secondary antibodies for 30 min at room 
temperature. Diaminobenzene was used as the chromogen, 
and hematoxylin was used as the nuclear counterstain. 
Sections were dehydrated, cleared, and mounted.

B7-H3 positive reactions were defined as those showing 
brown signals in the cell cytoplasm. A staining index (value, 
0–12) was determined by multiplying the score for staining 
intensity with the score for the positive area. The intensity 
was scored as follows: 0, negative; 1, weak; 2, moderate; and 3, 
strong. The frequency of positive cells was defined as follows: 
0, no positive cell; 1, less than 10%; 2, 11% to 50%; 3, 51% 
to 80%; 4, greater than 80%.

For statistical analysis, scores of 0 to 3 were considered 
weakly positive, scores of 4 to 8 were considered moderately 
positive, and scores of 9 to 12 were considered as a strong 
expression.

H&E staining

H&E staining was performed as follows: 4-µm thick 
consecutive sections were cut by a microtome, dewaxed in 
xylene, and rehydrated through graded ethanol solutions. the 
slide was immersed for 30 s with agitation by hand in H2O, 
then dipped into a Coplin jar containing Mayer’s hematoxylin 
and agitate for 30 s, and rinsed with H2O for 1 min. The slide 
was then stained with a 1% eosin Y solution for 30 s with 
agitation. The sections were dehydrated with two changes of 
95% alcohol and two changes of 100% alcohol for 30 s each. 
The alcohol was extracted with two changes of xylene. One 
drop of mounting medium was added and covered with a 
coverslip.

Statistical analysis

Statistical analysis was performed using GraphPad Prism 
software 5.0 (La Jolla, CA, USA). Statistical significance of 
differences between groups was determined using Fisher’s 
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exact test or two-tailed Student’s t-test; a P value less than 
0.05 was considered significant.

Results

Tumor formation rate and time

From September 2017 to June 2018, 24 patients were 
enrolled in this study. The baseline characteristics of 
patients are summarized in Table 1. The pathological 
diagnoses were as follows: 15 adenocarcinomas, 7 squamous 
cell carcinomas, 1 large cell carcinoma, and 1 small cell 
carcinoma. The median patient age was 61 years, and 
58.3% were male. Sixteen (66.7%) patients were diagnosed 
as stage I/II, and the other patients were diagnosed as stage 
III (33.3%). There were 12 patients (50%) with lymph node 
metastasis. Xenograft formation success was achieved in 19 
out of 24 cases (79.2%). The time between implantation to 
tumor formation was an average of 81.5 days (27–154 days) 
in P1, an average of 44.4 days (14–122 days) in P2, and an 
average of 26.9 days in P3, as shown in Figure 1 and Table 2. 
All engrafted tumors were serially passaged at least 3 times. 

We found that SCC had a higher implantation rate 
than ADC, and advanced stage (stage III) lung cancer had 
a higher implantation rate than a tumor in the early stage 
(stage I & II). Nevertheless, the difference among these 
groups was not statistically significant (P=0.3057–0.3636) 
(Table 3). The diameter of the tumor was associated with 
tumor engraftment: the longer the diameter, the easier the 
engraftment formation was (P=0.0342) (Figure 2).

PDX model growth curve

The daily behavior of animals was observed twice a week. 
After the tumor was formed, the tumor diameter was 
measured weekly by Vernier caliper, and the tumor volume 
was calculated with the formula above. We found that 
from P1 to P3, the tumorigenesis time of the tumor was 
gradually shortened, and the shortening trend was apparent. 
The tumor volume growth curve was plotted as shown in  
Figure 3.

Relationship between B7-H3 expression of primary tumor 
and success rate of modeling

The B7-H3 protein level in patients was measured with 
IHC, and the score was valued (Figure 4A). Among these 
24 cases of primary tumors, 12 were detected with B7-H3 

strong expression (+++), 5 with moderately positive (++) 
and 2 with weakly positive (+), as shown in (Figure 4). The 
data suggests that the success rate of PDX models is closely 
related to the expression intensity of lung cancer B7-H3 
protein (P=0.0375).

Histological features between primary tumors and PDX 
models

We also performed H&E staining to evaluate whether 
PDX models retained the histological features of the 
primary tumor. The results of H&E staining showed that 
the histological characters of each passage resembled the 
primary tumors (Figure 5). 

Discussion

The long modeling time and low success rate of PDX 
models limit a larger scale of its application. Many 
researchers have reported that the success rate of PDX 
model engraftment in lung cancer is from 26% to 47.1% 
(17-19,22-25). The tumor samples are obtained from 
surgical resection or EBUS-TBNA or CT-guiding biopsy, 
but in our study, the success rate was up to 79.2% (19/24). 
The previous PDX modeling scheme was analyzed, and the 
features of this program are described below.

Advantages

(I)  Instead of NOD/SCID mice or nude mice, NPG/
Vst mice were used for the first passage. NPG/Vst 
mice were combined with severe immunodeficiency, 
which had missed T lymphocytes, B lymphocytes, 
and NK cells, and had little rejection of the allograft, 
so they were more prone to tumor formation. NOD/
SCID mice were used in subsequent subcultures; 
this inoculation strategy can effectively improve 
the growth rate of the P1 tumor and can also save 
experimental funds.

(II) We used the samples directly from surgical resection, 
while most other studies used the samples from 
EBUS-TBNA or CT-guide biopsy. Although EBUS-
TBNA and CT-guide biopsy technology has the 
advantages of minimal trauma and rapid recovery, its 
available sample size is too small, thus, it is difficult 
to guarantee a sufficient number of tumor cells 
inoculated in immunocompromised mice.

(III) Due to the particularity of the operation department, 
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and in order not to interrupt the mice 12 h/12 h 
patterns of life, we can’t guarantee to inoculate the 
samples immediately after the operation, so we 
preserved the samples in 4 ℃ HTK solution and 
completed the procedure by the next morning at the 
latest. The results showed that this method does not 
affect the engraftment rate of PDX modeling.

(IV) We selected patients with tumor diameter ≥2 cm 
by chest CT scan. Larger tumor diameter means 
more active growth of tumor cells, shorter doubling 
time, and more samples available, which ensures that 
enough samples were inoculated into the mice.

(V) The PDX models of SCC established in this study 
and its primary cultured cells have been successfully 
applied to the study of relevant targets of SCC, and 
the results of these two models can be mutually 
confirmed (26).

Disadvantages

(I)  PDX models based on surgically resected samples are 
not suitable for patients without surgical indications 
and those who cannot tolerate or refuse surgery due 
to their physical conditions. PDX modeling for these 

Table 1 Clinical characteristics of enrolled patients

No Age Gender Diagnosis Smoking status Tumor DIA (cm) Lymph node metastasis TNM stage Xenografted

PDX-01 64 Male ADC Current smoker 3 Yes IIIa Yes

PDX-02 45 Female ADC Non-smoker 3 Yes IIb No

PDX-03 58 Male SCC Current smoker 3 No Ia3 No

PDX-04 55 Male SCC Current smoker 3.5 No Ib Yes

PDX-05 39 Female ADC Non-smoker 5 Yes IIIa Yes

PDX-06 63 Male SCC Current smoker 1.8 No Ia2 Yes

PDX-07 68 Male SCLC Current smoker 2.5 Yes IIb No

PDX-08 63 Female ADC Non-smoker 2 No Ib Yes

PDX-09 63 Male SCC Current smoker 6.5 Yes IIIa Yes

PDX-10 63 Male SCC Current smoker 4 Yes IIb Yes

PDX-11 52 Male ADC Non-smoker 2 No Ib Yes

PDX-12 63 Female ADC Non-smoker 3 Yes IIIa Yes

PDX-13 69 Male ADC Current smoker 
Non-smoker

4 No Ib Yes

PDX-14 67 Male SCC Current smoker 12 Yes IIIb Yes

PDX-15 64 Male LCC Non-smoker 8.5 No IIIa Yes 

PDX-16 67 Female ADC Non-smoker 2 No Ia2 Yes

PDX-17 62 Male ADC Current smoker 2.5 No Ia3 Yes

PDX-18 65 Male SCC Current smoker 10 Yes IIIa Yes

PDX-19 56 Male ADC Non-smoker 3 Yes IIIa Yes

PDX-20 63 Female ADC Non-smoker 2 Yes Ia2 No

PDX-21 55 Female ADC Non-smoker 2.5 No Ia3 Yes

PDX-22 64 Female ADC Non-smoker 2.5 No Ia3 No

PDX-23 71 Female ADC Non-smoker 2.5 No Ia3 Yes

PDX-24 73 Female ADC 2 Yes IIb Yes
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Table 2 Duration for tumor engraftment in P1, P2 and P3 (days)

No. P1 P2 P3

PDX-01 88 24 18

PDX-04 46 39 30

PDX-05 80 64 17

PDX-06 27 17 13

PDX-08 154 122 72

PDX-09 123 14 10

PDX-10 66 21 40

PDX-11 117 34 21

PDX-12 72 65 42

PDX-13 60 32 24

PDX-14 51 36 18

PDX-15 103 27 15

PDX-16 100 21 14

PDX-17 103 96 26

PDX-18 53 36 22

PDX-19 38 31 21

PDX-21 89 26 21

PDX-23 46 21 12

PDX-24 132 118 75

Average 81.5 44.4 26.9

Table 3 Clinical features of 24 lung cancer patients with PDX 
establishment

Parameters Xenografted Un-xenografted χ2 P value

Gender 0.8734 0.3500

Male 12 2

Female 7 3

Diagnosis 3.618 0.3057

ADC 12 3

SCC 6 1

SCLC 0 1

LCC 1 0

Smoke 0.0866 0.7686

Yes 9 2

No 10 3

Lymph node metastasis 0.2526 0.6152

Yes 10 2

No 9 3

TNM stage 0.8250 0.3636

I/II 11 5

III 8 0

Figure 1 Duration time in P1, P2, and P3 (days). The duration 
time after samples inoculated subcutaneously into NPG/Vst female 
mice to tumor formation (with a volume of at least 500 mm3).
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Figure 2 The diameter of the tumor was associated with tumor 
engraftment: the longer the diameter, the easier engraftment 
formation was (P=0.0342).
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patients still relies on exhaled pleural effusion cells, 
EBUS-TBNA, and CT-guided biopsy to obtain 
samples.

(II) Although subcutaneous implantation is the most 
commonly used method for the establishment of PDX 
models, compared with orthotopic transplantation, 

it cannot simulate the microenvironment of tumor 
growth at its best, but the orthotopic transplantation 
model for lung cancer is rarely studied due to 
the difficulty in operation and the tumor volume 
measurement, which is also the direction of our future 
research.

Figure 3 PDX model growth curve. The plotted tumor volume growth curve from passage 1 to passage 3.

Figure 4 The expression of B7-H3 in primary tumor with IHC. (A) The lung cancers with B7-H3 expression greatly induced PDX 
formation (P<0.05) (Fisher’s exact test); (B) the expression of B7-H3 protein levels measured with IHC (×10). Strongly positive (PDX-14), 
moderately positive (PDX-10), weakly positive (PDX-06).
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The only small cell lung cancer sample in this study 
was not successful in PDX establishment. Due to the low 
incidence of small cell lung cancer and the lack of surgical 
indications in patients with advanced small cell lung cancer, 
it is challenging to obtain surgical specimens, which 
requires more follow-up studies.

For quite some time, cancer-cell-line-derived tumor 
xenografts (CDX) have been contributing significantly to 
the identification and testing of many chemotherapy drugs. 
Compared to the PDX models, CDX models have been 
shown to have numerous shortcomings, including the lack of 
tumor heterogeneity and microenvironments, and thus CDX 
models cannot reflect human cancer types accurately (27).  
PDX models are widely used in cancer research, especially 
in pre-clinical cancer research, and PDX has become the 
golden standard model in clinical drug response (28,29).

Statistical analysis of the relationship between the 
clinical data and the tumorigenesis rate showed that the 
tumorigenesis rate was not related to the patients’ age, 
TNM stage, or lymph node metastasis, but was positively 
correlated with the tumor diameters. Few cases were 
enrolled in this study, and postoperative follow-up was not 
conducted for the patients. The relationship between the 
success rate, the length of tumor doubling time, and the 
survival of the patients is not yet known. Statistical analysis 
will be made after increasing the sample size.

Tumor diameter was an essential item in the TNM stage. 
The 8th TNM for NSCLC was significantly different from 

that in the 7th edition in terms of the T stage, which was 
sufficient to demonstrate the crucial role of tumor diameter 
in tumor progression. Microvascular infiltration (MVI) is a 
powerful predictor of poor prognosis in NSCLC patients. 
Shimada et al. (30). showed that the occurrence frequency 
of MVI varied with tumor diameter, in the groups with 
tumor diameter <2 cm, 2–3 cm, and >3~5 cm, there was 
a significant difference in the effect of MVI positivity 
on survival rate (P<0.05). For patients with MVI (+) in 
the above groups, the proportion of 5-year relapse-free 
interphase decreased with the increase of tumor diameter.

This study also found that the expression intensity of 
primary tumor B7-H3 was also closely related to the success 
rate of PDX modeling. As a costimulatory molecule, the 
receptor of B7-H3 is not known, and its immunological 
function has remained controversial. However, its 
non-immunological function has been recognized to 
include promoting tumor cell adhesion, invasion, and  
migration (15,31).

In this study, immunodeficient mice were used as the host 
to avoid the interference of the immunological function of 
B7-H3, and the results confirmed that the primary tumor 
B7-H3 expression intensity was closely related to the 
success rate of PDX modeling. 

Several other studies have shown that B7-H3 can 
promote tumor cell adhesion and invasion, and our study 
indicates that the tumors with high B7-H3 expression have 
a higher success rate in model engraftment formation.

Figure 5 The H&E staining in primary tumor, P1, P2, and P3 (×10). The H&E staining of primary tumor (PT), passage 1 (P1), passage 2 
(P2), and passage 3 in SCC (PDX-14) and ADC (PDX-17). The histological characters of each passage resembled the primary tumors.

P1 P2 P3PT

ADC

SCC
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Conclusions

(I)  In this study, the traditional PDX modeling method 
was improved, making the modeling method closer to 
the actual work of surgical clinics. The success rate of 
modeling was significantly improved compared with 
similar studies, and the effect and cost performance were 
considered in the selection of immunodeficient mice. 
The application of PDX models for the individualized 
and precise treatment of lung cancer patients is more 
feasible when it is compared to other models.

(II) The H&E staining result shows that compared to 
their corresponding primary tumors, the histological 
characteristics of PDX models from P1 to P3 were 
well maintained.

(III) The success rate of PDX modeling is closely related 
to the diameter of the primary tumor, and the primary 
tumor B7-H3 expression intensity is positively 
correlated with the success rate of modeling.
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