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Abstract
Background: At present, there are two main types of lung cancer xenograft models:
those derived from stable cell lines, and patient-derived xenograft models estab-
lished by surgically resected tissues. However, these animal models may not reflect
the biological and genetic characteristics of advanced non-small cell lung cancer
(NSCLC). We utilized bronchoscopy-guided biopsy tissues of NSCLC patients to
establish xenograft models and analyzed their histopathologic and genotypic fidelity
with parental tumors.
Methods: Tumor tissues of NSCLC patients taken via bronchoscope were subcuta-
neously implanted into mice with non-obese diabetic-severe combined immunode-
ficiency disease for model establishment and serial passage. The histopathology and
genotype of the samples from bronchoscopy-guided biopsy-derived xenograft
(BDX) models and their parental tumors were detected.
Results: Thirty BDXs out of 114 NSCLC patients (26.32%) were successfully estab-
lished. Smoking status significantly affected the success rate of NSCLC BDX estab-
lishment (P = 0.010). The BDX establishment success rate in squamous cell cancer
was higher than in adenocarcinoma, with no significant difference (32.00% vs.
16.21%, P = 0.112). However, the growth rate of passage 1 BDX was slower than that
of passages 2 and 3. Almost all NSCLC BDXs maintained similarity to their parental
tumor tissues in regard to histologic characteristics, pathological markers, and
driver-gene mutations. Only one BDX model lost the epidermal growth factor
receptor mutation contained in tumor parental tissue, as a result of heterogeneity.
Conclusions: NSCLC BDXs maintained high fidelity of histopathology and geno-
type with their original tumors. NSCLC BDXs that possess the actual status of
advanced lung carcinoma should be used in preclinical research.

Introduction

The treatment of non-small cell lung cancer (NSCLC), espe-
cially lung adenocarcinoma (ADC), has entered an era of
individualized therapy based on genotyping. Compared with
traditional chemotherapy, molecular-targeted drugs, repre-
sented by epidermal growth factor receptor-tyrosine kinase
inhibitors (EGFR-TKIs), have significantly prolonged sur-
vival time and improved quality of life.1–7 With the identifica-
tion of more and more driver-genes related to NSCLC
tumorigenesis and development, the use of next-generation
sequencing technology and series of targeted agents have
entered preclinical and clinical trials.8–11 Although a large
number of molecular-targeted anti-tumor drugs have exhib-

ited good results in preclinical trials, only a small proportion
of these are subject to clinical research.12,13 There are various
reasons for this, including the absence of specific target gene
and target populations, a lack of accurate and efficient
methods to detect target genes, and the difference between
traditional animal models and human lung cancer patients.

Currently, there are two main types of animal models used
in the preclinical research of lung cancer: xenograft models
derived from stable cell lines, and patient-derived xenograft
(PDX) models established by surgically resected tissues. Cell
line xenograft models are established with immunodeficient
animals that have particular cells injected into them in order
to examine these cell lines. This kind of animal model has
been widely used for decades in the preclinical evaluation of
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anti-tumor drugs. However, research has also proven that the
biological characteristics of animal models greatly differ from
the original tumors in human beings.14 In addition, without
the support of the tumor microenvironment and mesen-
chyme, the accuracy of these models in research evaluating
the efficacy of anti-tumor drugs is limited.15 The PDX model,
derived from the actual tumor tissues of patients, maintains
similar histopathologic and molecular genetic characteristics
to the original clinical tumors. As a result, PDX models are
superior to cell line xenograft models.16–19

Most NSCLC PDXs are derived from fresh surgical speci-
mens of early stage NSCLC patients.19,20 The biogenetic fea-
tures of early and advanced NSCLC, including tumor
angiogenesis, invasion, metastasis, drug resistance, and muta-
tion frequency of relevant driver-genes, are not exactly the
same. Researchers have found that the mutation frequency of
EGFR mutated patients is closely relevant to tumor node
metastasis (TNM) staging, especially to lymphatic metastasis,
and the drug-resistant mutation of T790M occurs most com-
monly in advanced lung cancer.21,22 A meta-analysis contain-
ing 27 retrospective studies and 6950 lung cancer patients
revealed that the frequency of echinoderm microtubule asso-
ciated protein like 4-anaplastic lymphoma kinase (EML4-
ALK) gene fusion in advanced lung cancer is significantly
higher than in early stage.23 Data from a study of whole-
genome sequencing in Asian patients demonstrated a large
difference in genetic background between early and advanced
lung cancer.24 Therefore, xenograft models established from
biopsies of advanced NSCLC patients can better reflect the
genetic features during tumor progression, and can be better
applied to preclinical research.

In this study, biopsy tissues via bronchoscope were used to
establish xenograft models for advanced NSCLC, defined as
bronchoscopy-guided biopsy-derived xenografts (BDXs).
The similarities and differences in histopathologic character-
istics and driver-gene mutations between xenograft models
and parental tumor tissues are investigated.

Materials and methods

Subjects

Patients diagnosed with “pulmonary mass” by standard radi-
ography who underwent bronchoscopy-guided biopsy for
pathological diagnosis, and were pathologically diagnosed
with NSCLC, were enrolled in this study. Patients with benign
lesions, such as inflammation, metaplasia, and granuloma
were excluded. Patients infected with human immunodefi-
ciency virus and hepatitis B and C were also excluded from
this study. Written consent allowing the use of tumor tissues
for research was provided by all of the enrolled patients. The
institutional ethics and animal care committees of Peking
University Cancer Hospital approved this protocol, which

included collecting tumor samples via bronchoscopy for
BDX establishment.

Establishment of bronchoscopy-guided
biopsy-derived xenografts (BDXs)

Bronchoscopy-guided biopsies were sent for pathological
diagnosis; all final tumor specimens were collected anony-
mously. The specimens were placed into ice-cold transport
media (10% fetal bovine serum, Gibco, Grand Island, NY,
USA; + 1/100 S/P, Hyclone + RPMI 1640, Hyclone, Logan, UT,
USA) using aseptic technique, and were processed at 4°C
within four hours. Where available, additional tissues
obtained via bronchoscopy were preserved in formalin. In the
animal lab, specimens were placed in a 10 cm sterile dish with
phosphate buffered saline and rinsed carefully. The tumor
tissue was then subcutaneously implanted into female mice
with non-obese diabetic-severe combined immunodefi-
ciency disease (NOD-SCID), without disaggregation, to pre-
serve tumor structure. All procedures were conducted in a
certified biosafety hood. Mice were numbered according to
the order of sample collection, and were observed at least
twice a week for six months. Implants showing no growth
after six months were deemed unsuccessful, and the corre-
sponding mice were euthanized. When the volume of tumors
(which had been verified as growing after engraftment)
reached at least 500 mm3, we repeated the implantation into
10–20 naive female NOD-SCID mice (passage 2) via trocar
needle and went down to the third generation (passage 3).
During this process, a portion of tumor tissues were frozen in
standard cell freezing medium and stored in liquid nitrogen
for serial passage, while the others were preserved for detec-
tion. Tumor volumes were calculated by measuring two per-
pendicular diameters using a caliper. Each tumor volume was
calculated according to the following formula: D*d*d/2.

Histopathology and immunohistochemistry

Each established xenograft model was bisected, fixed in 10%
neutral buffered formalin and embedded in paraffin. Sections
5 um thick were cut from each paraffin-embedded sample
and mounted on glass slides. Routine hematoxylin and eosin
staining of xenograft tumor sections was performed under an
optical microscope. Tissue sections selected for immunohis-
tochemistry (IHC) were routinely deparaffinized in xylene
and rehydrated using a series of graded ethanol solutions, fol-
lowed by antigen retrieval and background blocking. Primary
antibodies against CD56, p63 (Cell Signaling Technology,
Danvers, MA, USA), and thyroid transcription factor-1
(TTF1; Santa Cruz Biotechnology Inc., Dallas, Texas, USA)
were used following the manufacturer’s instructions. The
negative control was prepared following the same steps,
except that the primary antibodies were replaced by normal
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serum from the same species. Two independent pathologists
reviewed the tissue sections and compared pathologic simi-
larities between NSCLC BDXs and corresponding patient
samples.

Epidermal growth factor receptor and
v-Ki-ras2 Kirsten rat sarcoma viral oncogene
homolog mutation

The tumor tissues or plasma of NSCLC patients and the
tumor tissues of BDXs were collected for DNA extraction
using a method reported previously.25,26 The concentration
and quality of extracted DNA was determined by NanoDrop
2000 (Thermo Fisher Scientific, Waltham, MA, USA), which
was then detected for EGFR (deletion in exon 19 or L858R
mutation in exon 21) and v-Ki-ras2 Kirsten rat sarcoma viral
oncogene homolog (KRAS) mutations. EGFR mutation
was detected by amplification refractory mutation system
(ARMS) as reported by Bai et al.26 KRAS mutation was
detected by denaturing high-performance liquid chromatog-
raphy (DHPLC), as reported by Wang et al.27

Echinoderm microtubule associated protein
like 4-anaplastic lymphoma rearrangement

Tissue sections from BDXs and corresponding patients diag-
nosed with ADC were subjected to immunohistochemical
staining with rabbit monoclonal primary anti-ALK antibod-
ies (clone D5F3, Cell Signaling Technology) according to
product protocol. Tumor samples were considered positive
when any percentage of tumor cells exhibited strong intracel-
lular granular cytoplasmic staining.

Positive tissues detected by IHC were also verified using
fluorescent in situ hybridization (FISH). The tissue slides of
patients and BDXs were processed with the SPEC ALK Dual
Color Break Apart probe (Zytovision, Bremen, Germany),
which was a mixture of two directly labeled probes hybridizing
onto the 2p23 band. This detection was in accordance with
manufacturer’s instructions.At least100representative tumor
cells were counted, and the existence of ALK gene rearrange-
ment was concluded if more than 15% of the tumor cells dem-
onstrated a split red and green signal and/or an isolated red
signal. Otherwise, the specimen was classified as ALK-FISH
negative. Two independent pathologists who were blinded to
all clinical data performed ALK rearrangement-FISH analy-
ses.When IHC and FISH both illustrated positive results in the
same samples, only specimens derived from patients or BDXs
were considered to have ALK rearrangement.

Gene amplification of fibroblast growth
factor receptor-1

Fibroblast growth factor receptor-1 (FGFR1) amplification
was conducted by Dual Color Probe (Zytovision) with sec-

tions of BDXs and corresponding patients who were diag-
nosed with lung squamous cell cancer (SCC). The probe
contained a mixture of an orange fluorochrome directly
labeled CEN 8 probe, specific for the alpha satellite centro-
meric region of chromosome 8 (D8Z2) and a green fluoro-
chrome directly labeled SPEC FGFR1 probe, specific for the
FGFR1 gene at 8p11.23-p11.22. FISH was performed and
analyzed following the manufacturer’s instructions.

In accordance with original research on the definition of
high and low levels of FGFR1 amplification types, 100 cells
were analyzed in each case. High-level amplification was
defined when: the FGFR1/CEN8 ratio was ≥2.0; or the
average number of FGFR1 signals per tumor cell nucleus was
≥6; or the percentage of tumor cells containing FGFR1 signals
was ≥15%; or the percentage of large clusters was ≥10%. Low-
level amplification was defined when the number of FGFR1
signals in ≥50% of the tumor cells was ≥5. Two independent
pathologists who were blinded to all clinical data performed
FGFR1-FISH analyses.

Other genotype detection

ROS proto-oncogene 1 (ROS1) gene fusion and c-MET
amplification of ADC BDXs were also detected using IHC
with corresponding primary antibodies (Cell Signaling
Technology).

Statistical analysis

Statistical analysis was performed to study the relationship
between success rates and clinical factors such as gender,
smoker status, pathologic type and stage, EGFR and KRAS
mutations. Graphpad Prism software (La Jolla, CA, USA) was
used for χ2 test or Fisher’s exact test, if appropriate. For the
growth curve, a Student’s t-test was used to compare differ-
ences between groups. Statistical tests were two sided, with P
< 0.05 considered significant.

Results

Establishment and passage of non-small cell
lung cancer (NSCLC) BDXs

From April 2012 to February 2014, 114 bronchoscopy-guided
biopsy samples of patients diagnosed with primary NSCLC
were subcutaneously implanted into NOD-SCID mice; 30 of
the xenografts survived and could be serially and stably sub-
cultured, with a total tumor-formation rate of 26.32%. As
shown in Table 1, smoking status had a significant effect on
the tumor formation rate of NSCLC. Engraftments from
smokers (23/69, 33.33%) survived more often than from
non-smokers (4.76%, 1/24, P = 0.010). The success rate of
BDXs derived from ADC samples (6/37, 16.21%) was lower
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than from SCC samples (32.00%, 24/75), but there was no
significant difference (P = 0.112, Fig 1a).

From the perspective of driver-genes, the success rate of
BDXs from bronchoscopy-guided biopsy tissues with wild
type EGFR was 30.91% (17/55), while the success rate in
samples carrying mutant EGFR was only 12.50% (1/8). The
success rates of BDXs with wild type and mutant KRAS were
50.00% (1/2) and 28.81% (17/59), respectively. However,
there was no statistical significance in the difference between
wild type and mutant EGFR (P = 0.244), wild type and
mutant KRAS (P = 0.518), or mutant EGFR and mutant
KRAS (P = 0.346) (Fig 1b).

All NSCLC BDXs were established by subcutaneous
implantation, which allowed observation of the survival, size,
and growth rates of the xenografts. Figure 2 illustrates the
growth curves of xenografts from BDX 17 (ADC) and BDX
33 (SCC) from passage 1 (P1) to passage 3 (P3). The growth
rate of the P1 xenograft was slow, because the parental
NSCLC samples did not adapt to the microenvironment after
implantation. In the second generation, passage 2 (P2) xeno-
grafts entered a period of adaption and counter-adaptation;
however, the growth rate was still unstable, leading to a con-
stantly fluctuating tumor volume. In the third generation, P3
xenografts exhibited a stable growth status, with a distinctly

faster growth rate than P1 and significant intergroup differ-
ences of P = 0.030 and P = 0.009, successively. The successful
engraftment of P3 BDXs with a relatively fast growth rate and
stable growth status suggested the possibility of successful
BDX establishment and stable serial passage.

Fidelity of pathomorphology

The histopathologic characteristics and corresponding spe-
cific biomarkers of parental tumors were well preserved
during the engraftment and passage of BDXs; for example,
TTF1 and Napsin A were exclusively expressed in ADC BDXs,
while P63 was exclusively expressed in SCC BDXs (Fig 3a).
The pathomorphology of BDXs retained the typical features
of parental tissues, for example, glandular ducts could be
observed in ADC BDXs, while keratin pearls could be
observed in SCC BDXs (Fig 3b).

Fidelity of known driver-genes in NSCLC

The difference in mutations of known driver-genes in NSCLC
between BDXs and parental tissues were investigated, includ-
ing EGFR, KRAS, ALK, c-MET, ROS1, and FGFR1 mutations.
Table 2 summarizes the similarities and differences of the
driver-gene mutation or amplification status between the
parental NSCLC tissues that led to successful engraftments
and the tissues from corresponding BDXs.
1 EGFR mutations in BDX/parental samples

Sixty-three out of 114 samples from NSCLC patients
underwent EGFR mutation detection. Among these, eight
cases carried EGFR mutations, and six of these were ADC
patients. Regretfully, establishment of a BDX in these six
cases was unsuccessful. The remaining two cases were SCC
patients with EGFR mutations; a BDX model was success-
fully established from one of these samples. EGFR muta-
tion status was detected in the 30 successfully established
BDXs. Of 18 BDXs with known patient EGFR mutation
status, 17 possessed a consistent EGFR mutation status
with their parental tissues. In remaining case, which was
SCC BDX (numbered 184), the xenograft possessed a wild-
type EGFR, while its parental tissue harbored an EGFR
exon 21 L858R mutation (Fig. 4).

2 KRAS mutations in BDXs/parental samples
Sixty-one out of 114 parental samples (tissues or plasma
samples) underwent KRAS mutation detection. Thirty
ADC cases possessed no KRAS mutation, two (6.67%) of
30 SCC cases carried KRAS mutations with one of these
leading to the successful establishment of a BDX model
(BDX 54), while the large cell lung cancer case possessed no
KRAS mutation. The KRAS mutation status of the 30 suc-
cessfully established BDXs was detected. The BDX samples
from SCC patients with mutant KRAS possessed KRAS
mutations, and the samples from BDXs all possessed a con-

Table 1 The clinical characteristics of bronchoscopy-guided biopsy
tissues and tumor success rate of BDXs in NSCLC

Patient characteristics
No. of
patients

No. of
BDXs (%)

No. of no
BDXs (%) P value

Total 114 30 (26.32) 84 (73.68)
Gender 0.301

Male 90 26 (28.89) 64 (71.11)
Female 24 4 (16.67) 20 (83.33)

Smoking status
Smoker 69 23 (33.33) 46 (66.67) 0.010
Non-smoker 21 1 (4.76) 20 (5.00)

Histologic type
ADC 37 6 (16.21) 31 (83.78)
SCC 75 24 (32.00) 51 (68.00) 0.112
Others 2 0 (0) 2 (100)

NSCLC pathologic stage 0.421
Stage I 4 0 (0.00) 4 (100.00)
Stage II 3 2 (66.67) 1 (33.33)
Stage III/IV 93 26(27.96) 67 (72.04)

EGFR status 0.244
EGFR MT 8 1 (12.5) 7 (87.5)
EGFR WT 55 17 (30.91) 38 (69.09)

KRAS status 0.518
KRAS MT 2 1 (50.00) 1 (50.00)
KRAS WT 59 17 (28.81) 42 (71.19)

Others: large cell lung cancer and unclassified non-small cell lung
cancer (NSCLC). ADC, adenocarcinoma; BDX, biopsy-derived xenografts;
EGFR, epidermal growth factor receptor; KRAS, v-Ki-ras2 Kirsten rat
sarcoma viral oncogene homolog; MT, mutation; SCC, squamous cell car-
cinoma; WT, wild-type.
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sistent KRAS mutation status with their parental tissues
during model establishment and passage.

3 EML4-ALK rearrangement in BDXs/parental samples
Samples from six ADC parental tissues and their corre-
sponding BDXs underwent EML4-ALK rearrangement
detection. According to FISH and IHC (clone D5F3, Cell
Signaling Technology), only BDX37 and its parental tissue
possessed EML4-ALK rearrangement (Fig. 5). This case
was relatively unique, with a pathologic diagnosis of
high-grade mucoepidermoid carcinoma with sarcomatoid
carcinoma.

4 ROS1 fusion and c-MET amplification in BDXs/parental
samples
Samples from six ADC parental tissues, as mentioned
above, and their corresponding BDXs underwent ROS1
fusion and c-MET amplification detection. No positive
sample was detected.

5 FGFR1 amplification in BDXs/parental samples
Samples from 22 SCC BDXs and the corresponding paren-
tal tissues underwent FGFR1 amplification detection. Five
(22.73%) BDXs harbored FGFR1 amplification, including
three high-level amplifications (BDX 27, BDX 84, BDX
133) and two low-level amplifications (BDX 68, BDX 74).
As illustrated in Figure 6, the samples from BDXs all pos-
sessed a consistent FGFR1 status with their parental tissues.

Discussion

The advent of individual targeted therapy based on
genotyping, such as EGFR-TKIs and EML4-ALK inhibitors,
has significantly benefited survival duration and quality of
life, which is a landmark development in the diagnosis and
treatment of advanced lung cancer, particularly lung adeno-
carcinoma. However, almost every patient that has benefited

Figure 1 Tumor formation of biopsy-derived xenografts (BDXs) derived from different pathology or genotypes of non-small cell lung cancer. (a) The total
number of BDXs (successful xenografts) or No-BDXs (failing xenografts) were divided according to different pathology of parental samples. (b) The total
number of BDXs or No-BDXs were divided according to different genotypes of parental samples. Asterisks denote the corresponding success rates of
BDXs. P is the difference between groups. , BDXs; , No-BDXs. ADC, adenocarcinoma; EGFR mt, epidermal growth factor receptor mutation; KRAS
mt, v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog mutation; SCC, squamous cell carcinoma.

Figure 2 Growth curves show the growth rate of passage 1–3. (a) Biopsy-derived xenograft (BDX) 17 was derived from adenocarcinoma (ADC), and (b)
BDX 33 was derived from squamous cell carcinoma (SCC). , passage 1; , passage 2; , passage 3.
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from targeted therapy will encounter disease progression
after a period of remission. In order to explore the molecular
mechanisms of tumor relapse, metastasis, and resistance to
drugs, and to develop novel targeted drugs, animal models

that possess consistent molecular genetics and tumor
microenvironment with human advanced lung cancer
patients should be established. In this study, xenograft models
derived from bronchoscopy-guided biopsies replicated

Figure 3 The histopathologic biomarkers and pathomorphology of biopsy-derived xenografts (BDXs) derived from different pathologic types of non-
small cell lung cancer. BDX 17 was derived from adenocarcinoma and BDX 33 was derived from squamous cell carcinoma. (a) BDX samples were stained
for thyroid transcription factor 1, p63, and CD56, respectively. (b) BDX specimens of passages 1–3 were stained for hematoxylin and eosin. The scale bars
in (a) and (b) are 50 μm.

Table 2 Driver-gene mutation status in successfully established BDXs and their corresponding parental tumors

Patient information BDX information

ID Age (years) Gender† Smoking status‡ Stage Pathology Genotype status Genotype status

27 59 1 1 IIIA SCC FGFR1 AMP FGFR1 AMP
37 55 2 0 IV ADC EML4-ALK EML4-ALK
54 63 1 1 IV SCC KRAS G34T KRAS G34T
68 76 1 1 IIIB SCC FGFR1 AMP FGFR1 AMP
74 53 1 1 IV SCC FGFR1 AMP FGFR1 AMP
84 67 1 1 IV SCC FGFR1AMP FGFR1 AMP
133 62 1 1 IIIA SCC FGFR1AMP FGFR1 AMP
184 64 1 1 IIB SCC EGFR L858R EGFR WT

†1: male, 2: female. ‡0: non-/mild smokers, 1: former/current smokers. ADC, adenocarcinoma; AMP, amplification; BDX, biopsy-derived xenograft;
EGFR, epidermal growth factor receptor; EML4-ALK, echinoderm microtubule associated protein like 4-anaplastic lymphoma kinase; FGFR1, fibroblast
growth factor receptor-1; KRAS, v-Ki-ras2 Kirsten rat sarcoma viral oncogene; SCC, squamous cell carcinoma; WT, wild-type.
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pathomorphologic and genetic features, such as gene muta-
tions of their parental tumor, and covered the main histologic
types of advanced NSCLC.

This type of less-invasive xenograft model based on biopsy
shares many similarities and differences with PDX animal
models derived from surgically resected early stage lung
cancer tissues, as reported in the literature. The success rate of
BDXs in this study was 26.32%, while that of PDXs varies
from 25–40% in the literature.16,17,28–30 The success rate in our
study was similar for BDXs and PDXs, suggesting that sample
size does not influence animal model establishment. We

conclude that BDX animal model establishment based on
small biopsy tissues is feasible.

Pathologic types of tumor tissues play a critical role in
tumor formation, regardless of whether the models are
derived from BDX or PDX. Previous research on PDXs reveal
a significantly higher success rate of SCC compared with
ADC samples.20,30 However, our study failed to show any sta-
tistically significant difference in success rate between SCC
and ADC. ADC is mostly peripheral, which means that cases
of ADC diagnosed by bronchoscopy-guided biopsy are
limited.

Figure 4 Epidermal growth factor receptor (EGFR) mutation status of samples. (a) The EGFR mutation status of bronchoscopy-guided biopsy from squa-
mous cell carcinoma patient (No.184). (b) EGFR mutation status of P1 biopsy-derived xenograft 184.

Figure 5 Detection of anaplastic lymphoma kinase rearrangement (ALK) in samples of biopsy-derived xenograft (BDX) 37 and its parental tumor. (a) ALK
(D5F3) detection of tumor biopsies from patient No.37 using immunohistochemistry (IHC). (b) The ALK (D5F3) detection of P3 BDX 37 using IHC. (c)
Echinoderm microtubule associated protein like 4-anaplastic lymphoma kinase (EML4-ALK) rearrangement detection of tumor biopsies from patient
No.37 using fluorescent in situ hybridization (FISH). (d) The EML4-ALK rearrangement detection of P3 BDX 37 using FISH.

Xenograft models of NSCLC S. Fu et al.
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Figure 6 Fibroblast growth factor receptor-1 amplification status of squamous cell carcinoma biopsy-derived xenografts (BDXs) and their correspond-
ing parental tumor samples.
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In PDXs, the type of gene mutation is an important factor
affecting tumor formation. Previous research on PDXs has
revealed that, in immunodeficient mice, it is more difficult to
form tumors in surgically resected samples with mutant
EGFR than in samples with wild-type EGFR, while it is easier
to form tumors in samples with mutant KRAS than in
samples with wild-type KRAS.31 In this study, tumors could
not be formed in six ADC cases with EGFR mutations. In the
one SCC case with EGFR mutation in which tumors were suc-
cessfully formed, the BDX exhibited a loss of EGFR mutation,
suggesting that it is, indeed, difficult to form tumors in lung
cancer samples carrying EGFR mutations.

Interestingly, data from a relatively special case carrying
EML4-ALK rearrangement and its corresponding BDX
model were obtained. The patient was pathologically diag-
nosed as high-grade mucoepidermoid carcinoma with sarco-
matoid carcinoma. The corresponding BDX model preserved
the pathomorphology, as well as the EML4-ALK rearrange-
ment of the parental tissue. According to statistics, the inci-
dence of lung sarcomatoid carcinoma is only 1%.32,33 There
are controversial opinions on the derivation, classification,
and clinical therapeutic strategy of lung sarcomatoid carci-
noma.33 In addition, lung sarcomatoid carcinoma with
EML4-ALK rearrangement is even rarer, with only a few cases
reported in the literature.34,35 Therefore, establishment of this
BDX model is very valuable in studying rare NSCLC with
gene mutation.

Of the SCC BDXs, 22.73% possessed FGFR1 amplification,
consistent with parental tissues. FGFR is a transmembrane
tyrosine kinase and can combine with EGFR to mediate
downstream signals through the RAS/RAF/mitogen activated
protein kinase and phosphatidylinositol-4,5-bisphosphate
3-kinase-protein kinase B pathways. Previous literature has
reported that 20% of SCC patients have FGFR1 amplifica-
tion, and these types of cases exhibit a poorer prognosis and
shorter survival time.36,37 At present, several clinical trials
involving targeted drugs against amplified FGFR1 genes, such
as AZD4547 and BGJ398, are ongoing.

Although NSCLC BDX models exhibit high fidelity, there
is heterogeneity among different passages or between BDXs
and parental tumors. For example, in SCC BDX 184, the
EGFR mutation existed in the parental tissue but was lost in
the corresponding xenograft. This result reveals heterogene-
ity in tumors and the instability of some subcloning, as a
result of adaption to a new environment during engraftment.

As is well known, the formation and progression of a
tumor is a dynamic process, including a consecutive alterna-
tion of subcloning motivated by external pressure selection
and internal gene mutation. Inside the tumor, subclonal
diversification is prominent and different mutations can be
found in different parts – as such, most gene mutations only
exist in a small fraction of tumor cells.38,39 The subcutaneous
implant method of engraftment suffers from external pres-

sure selection because of a lack of vessels and oxygen. Tumor-
formation of the P1 xenograft is extremely slow, causing the
tumor cells to experience consecutive adaptive changes in the
new environment. Therefore, the frequency of some gene
mutations will be reduced because of a lack of adaptation to
the new environment during engraftment. These mutations
can even be completely lost during serial passage.

Conclusions

Non-small cell lung cancer BDX models have a similar
tumor-formation rate of PDXs from surgically resected
tumor tissues, and have a high fidelity of pathomorphology
and driver gene mutation status with parental tumors. There-
fore, BDXs can be used as models for advanced NSCLC
research in vivo.
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