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Abstract. Testicular germ cell tumors (TGCTs) are highly 
sensitive to cisplatin-based chemotherapy. Nevertheless, 
there are metastatic tumors that do not completely respond to 
front-line chemotherapy. For these tumors, surgical resection 
of residual masses is necessary to achieve long-term disease 
control. Resected tissues represent valuable clinical material, 
which may be used for the engraftment into immunocompro-
mised mice to produce patient-derived xenografts (PDXs). 
They typically maintain similarities to the parental tumors 
and therefore serve as more realistic preclinical models. 
Moreover, a correlation between PDX treatment outcomes 
and clinical response to chemotherapy has been previously 
described. The aim of the present study was to establish 
and characterize TGCT patient-derived xenografts. These 
originated from retroperitoneal lymph node metastases 
infiltrated with TGCTs following previous cisplatin‑based 
chemotherapy, in order to analyze novel treatment options 
for cisplatin-resistant testicular tumors. We generated two 
testicular patient-derived xenograft models in SCID beige 
male mice. Immunohistochemical analyses demonstrated 
that histological characteristics of the primary tumor were 
not retained, and transformation into lymphoma, and eventu-
ally plasmocytoma, was observed. A potential explanation 
for the lymphoma transformation observed in PDXs may 
include tumor‑infiltrating lymphocytes (TILs) in xenografted 

samples of patients, which are transformed following 
engraftment into immunodeficient recipient mice. Based on 
these data, we indicated that lymphomagenesis prevention 
and terminal differentiation represent new challenges in the 
establishment of PDX models derived from patients with 
germ cell tumors.

Introduction

Testicular germ cell tumors (TGCTs) represent the most 
common type of solid malignancy among young men between 
the ages of 20 and 40 (1). TGCTs are highly curable malig-
nancies, with current cure rates exceeding 70-80%, even in 
patients with disseminated disease. However, there are patients 
with metastatic testicular cancer who do not achieve a durable 
complete remission with cisplatin-based chemotherapy. 
Surgical resection of residual masses is necessary to achieve 
long-term disease control in these patients. The presence of 
teratoma components in these residual masses has important 
clinical consequences. Teratoma in the retroperitoneum may 
grow, which is a structure characterized by enlarging metastatic 
masses without marker elevation, termed growing teratoma 
syndrome. Alternatively, patients may develop high-grade 
malignant components, including sarcomas and primitive 
neuroectodermal tumors (2,3). In addition, only 20-25% of the 
patients progressing/relapsing after first‑line chemotherapy 
can be cured by standard dose or high-dose chemotherapy with 
autologous hematopoietic stem-cell rescue (4-6). Patients who 
fail to achieve remission following conventional therapy have 
an extremely poor prognosis and the vast majority of them 
will eventually die of the disease (7-9). Therefore, a better 
understanding of resistance to chemotherapy together with 
developing novel therapeutic strategies based on the molecular 
and genetic characteristics of the tumor is required (7).

In order to achieve an effective prediction of clinical 
efficacy of new approaches in cancer drug development, more 
realistic models reflecting the heterogeneity of patients are 
required. Established cancer cell lines and monocellular layers 
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of tumor cells cultivated in vitro, as well as mouse xenografts 
derived from those tumor cells have been used as the standard 
toolkit in preclinical drug evaluation and biomarker identifica-
tion. However, despite several advantages, recent data suggests 
that the cells grown in culture and xenografts derived from 
these expanded cells adapted to growth in artificial culture 
conditions have principally diverged from the primary tumors 
from which they were derived (10-12).

Patient-derived xenografts (PDXs) are tumor models based 
on transplanting surgically resected tumor tissue samples from 
donors directly into immunodeficient mice. In comparison 
with cell line culture, PDXs maintain more similarities to 
the parental tumors and therefore serve as a more realistic 
preclinical model with strong predictive power in the trans-
lation of new anti-cancer agents to clinical practice (13,14). 
PDXs retain histology as well as the gene expression profiles 
of their donor tumors (15,16). The correlation between PDX 
tumors and clinical response to chemotherapy has also been 
described (17). In order to investigate treatment failure in 
patients with TGCT, there has been increasing interest in 
the establishment of PDX models that realistically model the 
disease and have the potential to predict clinical outcomes for 
novel therapeutic strategies (18). Several research groups have 
attempted to establish PDX models derived from testicular 
cancer. Abraham et al xenografted human non-seminomatous 
germ cell tumors into SCID mice (19). The study carried out by 
Castillo-Avila et al established orthotopic models for cisplatin 
sensitive non-seminomas, as well as for cisplatin-resistant 
choriocarcinoma variants induced in mice. Notably, only 
non-seminomatous tumors (predominantly choriocarcinomas, 
embryonal carcinoma, yolk sac tumor or mixed TGCTs) 
were successfully implanted in mice. No pure seminomas 
that presented as primary tumors have been grown as xeno-
grafts (20). To the best of our knowledge, only the study by 
de vries et al established a PDX model from a metastatic lesion 
of a patient with refractory testicular cancer (21). The engraft-
ment of tissue samples obtained from the metastatic lesions of 
patients with progressive disease after standard cisplatin-based 
chemotherapy treatment represents an ideal model system for 
studying mechanisms implicated in resistance to cisplatin, as 
well as in clarification of the mechanisms involved in growing 
teratoma syndrome.

In the present study, we aimed to establish and characterize 
testicular cancer patient-derived xenografts, from retroperito-
neal lymph nodes infiltrated with TGCTs after cisplatin‑based 
chemotherapy administration. We present our data demon-
strating that two successfully implanted patient samples 
diverged from the original tumor histology and in vivo passage 
resulted in terminal differentiation into lymphoma and plas-
mocytoma. Consequently, these samples could not be serially 
propagated in vivo.

Materials and methods

Study patients. As a part of an ongoing translational study 
(protocol IZLO1; chair, M. Mego) TGCT patients who under-
went retroperitoneal lymph node dissection between April 
2015 and August 2015 at the National Cancer Institute of 
Slovakia were enrolled. Patients with concurrent malignancies 
other than non-melanoma skin cancer in the previous 5 years 

were excluded from the study. Data regarding age, tumor 
histological subtype, clinical stage, histological subtype and 
number of metastatic lesions, previous chemotherapy were 
recorded for all patients. The Institutional Review Board of 
the National Cancer Institute (Bratislava, Slovakia) approved 
the present study and all patients provided written informed 
consent.

Tissue sampling. Clinical samples for the PDX tumor model 
were obtained immediately after resection and transferred into 
RPMI-1640 culture medium on wet ice for engraftment within 
24 h. Tumor tissue collected from each patient was separated 
into three sections under sterile conditions. One section was 
cryopreserved in liquid nitrogen and stored at ‑80˚C; the 
second was fixed in 10% neutral buffered formalin solution 
and embedded in paraffin for histopathological analysis of the 
implanted tumor; and the third portion of the tumor (repre-
senting F0 generation) was used for engraftment in SCID 
beige male mice. Baseline characteristics of donor patients are 
provided in Table I.

Establishment of the patient tumor‑derived xenografts. Fresh 
tumor tissue was mechanically dissociated into small pieces in 
0.5 ml RPMI-1640 cultivation media. Suspension was collected 
into a sterile syringe and passed through an 18G needle three 
times. The final volume was determined and an equivalent 
volume of ECM (ECM Gel from Engelbreth-Holm-Swarm 
murine sarcoma; cat. no. 1270; Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany) was added on ice.

Six to eight weeks old SCID beige male mice (CD17 
Cg-Prkdscid Lystbg/Crl) were bilaterally subcutaneously 
injected with 150-200 µl suspension. The mice were housed 
under controlled environmental conditions (24±2˚C, relative 
humidity 40-60% and a 12-h light/dark cycle). Animals had 
free access to food and water ad libitum and were regularly 
monitored for their weight, the presence of any pathological 
conditions and tumor growth. Tumor volume was determined 
based on the caliper measurements of two perpendicular 
diameters and calculated according to the following formula: 
volume=length x width2/2. Animals were sacrificed when any 
of the tumor diameters exceeded 10 mm or tumor xenografts 
exhibited signs of necrosis and bleeding. Tumor xenografts 
were collected for further analysis. Each tumor was divided 
into two: One section was fixed in buffered formalin and 
embedded in paraffin for histological and immunohisto-
chemical analyses and the other was submerged in PBS for 
preparation of the suspension as described above. An aliquot 
from the suspension was used for DNA isolation.

Animal experiments were performed in the approved 
animal facility (license number SK PC 14011), as approved by 
the Institutional Ethics Committee and by the national compe-
tence authority (State veterinary and Food Administration 
of the Slovak Republic; registration no. Ro 3108/14‑221). 
Experiments were performed in compliance with the Directive 
2010/63/Eu of the European Parliament and the European 
Council and the Regulation 377/2012 on the protection of 
animals used for scientific purposes.

Histological and immunohistochemical evaluation of PDX 
tumors. Histological examinations were based on paraffin 
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sections using H&E, Giemsa and PAS staining and Gomori's 
silver impregnation staining method to determine the growth 
pattern and tumor cell histopathology.

For determination of the tumor phenotype, acomplex panel 
approach was used. This initially involved the detection of i) 
lymphoid B‑cell markers (PAX5, CD20, CD138, kappa and 
lambda Ig light chains) and T-cell markers (CD3, CD5), as well 
as ii) placental alkaline phosphatase (PLAP) and cytokeratins 
(using AE1/AE3, CK7 and CK20 antibodies) in both further 
documented PDX tumors. Following this, more detailed 
phenotypic analysis to contribute to the diagnosis of both 
cases was performed, including evaluation of the expression 
of antigens Bcl‑2, BCL6, CD10, MUM1/IRF‑4, CD30, CD15, 
CD56, as well as latent membrane protein (LMP) Epstein‑Barr 
virus. Deparaffinization, rehydration and target retrieval with 
the Target Retrieval Solution High pH (pH 9.0; Dako; Agilent 
Technologies, Inc., Santa Clara, CA, uSA) or EDTA (pH 9.0) 
at 96˚C was performed in the PT Link (Dako PT100; Dako; 
Agilent Technologies, Inc.). Slides were subsequently processed 
on the Autostainer Link 48 (Dako AS480; Dako; Agilent 
Technologies, Inc.) using an automated staining protocol vali-
dated for the individual antibodies, or mechanically using kit 
Envision FLEX (Agilent Technologies, Inc.), High pH (Link) 
in agreement with the manufacturer's recommendations. 
Reagents utilized in addition to the mentioned components 
included a FLEX antibody diluent, FLEX wash buffer and a 
hematoxylin counterstain (Dako; Agilent Technologies, Inc.). 
IHC-stained slides were mounted in non-aqueous, permanent 
mounting media.

DNA extraction and qPCR analysis. The ISOLATE II FFPE 
RNA/DNA kit (Bioline, London, UK) was used for the isola-
tion and purification of genomic DNA from formalin‑fixed 
paraffin‑embedded tissue samples. We proceeded according 
to the manufacturer's instructions. The isolated genomic DNA 
was analyzed by qPCR. Reactions were performed using a 
Maxima probe qPCR Master Mix (Fermentas; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). qPCR was carried out 
with a CFX96 thermocycler (Bio‑Rad Laboratories, Inc., 
Hercules, CA, uSA) according to the following thermocycling 
parameters: Pre‑treatment at 50˚C 2 min, initial denaturation 
at 95˚C for 10 min, followed by 50 cycles at 95˚C for 20 sec 
and 60˚C for 1 min. The plate was then read. Final annealing 
was peformed at 60˚C for 10 min followed by a cooling step to 
7˚C. The specific primers and probes used in duplex qPCR are 
described in Table II. The mouse Rapsyn (receptor-associated 
protein at the synapse) gene was used as an internal control. 
The quantity of the PCR product was calculated by the Cq 
value (22). The positive control DNA was isolated from human 
breast cancer cells MDA‑MB‑231 (ATCC® HTB‑26™; ATCC, 
Manassas, VA, USA). EGFP‑expressing MDA‑MB‑231 were 
kindly provided by Dr Miroslava Matuskova (23). DNA isolated 
from the mouse cell line NIH/3T3 (ATCC® CRL‑1658™; 
ATCC) was used as a negative control. Evaluation of human 
specificity of β‑globin amplification was demonstrated using 
a 2-fold dilution for 100 to 0 ng human gDNA per assay in 
PCR grade water, and in 0 to 100 ng murine gDNA per assay. 
The quantity of human gDNA was calculated according to 
the calibration curve prepared as stated above. The amount of 
human β-globin was related to 150 ng total DNA.
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Results

Baseline characteristics. Tumorspecimens from retroperito-
neal lymph nodes infiltrated with TGCTs from three 
testicular cancer patients were engrafted into SCID mice 
in order to establish a PDX model. The summary of donor 
patient characteristics is presented in Table I. The median 
age of patients enrolled in this study was 45 years (range, 
30-46 years). Histology of the primary tumors determined 
the following subtypes: Seminomas (cases TGCT_001 and 
TGCT_003) and non-seminoma with embryonal carcinoma, 
yolk sac tumor, immature teratoma and seminoma compo-
nents (case TGCT_002). All patients were pretreated with 
cisplatin-based chemotherapy. In one patient, a retroperitoneal 

lymph node biopsy was performed prior to starting second 
line chemotherapy (case TGCT_001) to histologically 
confirm disease recurrence, while other patients underwent 
retroperitoneal lymph node dissection after finishing first line 
chemotherapy (case TGCT_002) and salvage chemotherapy 
(case TGCT_003). The histology of post chemotherapy 
retroperitoneal lymph node dissection specimens from cases 
TGCT_001 and TGCT_003 representing F0 generation 
determined that the histological subtype was correlated with 
primary tumor histology (immunohistochemical positivity 
for PLAP and CD117 and negative for CD30), while in case 
TGCT_002, RPLN metastasis was derived only from a tera-
tocarcinoma component (immunohistochemical positivity for 
CK20, CEA, CDX2 and negative for CK7) (Figs. 1 and 2).

Table II. Sequences of primers used in this study.

RAPSYN sense  5'‑ACAATGCCATCAACCTTAGC−3'
RAPSYN antisense  5'-GTGAGTGAGGCAGGTTCATT-3'
RAPSYN probe 3'‑BHQ‑1 5'‑JOE 5'‑AGAATTATCTGACCCACCCATCCTGC‑3'
β-globin sense  5'-CTAAGCCAGTGCCAGAAGAG-3'
β-globin antisense  5'-CTCTGCCCTGACTTTTATGC-3'
β‑globin probe 3'‑BHQ‑1 5'‑FAM 5'‑ACGGCTGTCATCACTTAGACCTCACC‑3'

Figure 1. Representative histology of primary patient's tumor sample no. TGCT_001. (A) Tumor tissue slides stained with hematoxylin and eosin 
(magnification, x10). (B) Tumor tissue slides stained with hematoxylin and eosin (magnification, x40).

Figure 2. Representative histology of primary patient's tumor specimen no. TGCT_002. (A) Tumor tissue slides stained with hematoxylin and eosin 
(magnification, x10). (B) Tumor tissue slides stained with hematoxylin and eosin (magnification, x40).
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Establishment of PDX models. To establish PDX models 
from fresh tumor tissue samples, they were mixed with ECM 
gel and subcutaneously engrafted into F1 mice. A total of 
3 retroperitoneal lymph node metastases tissue sample were 
xenografted. Since these tissue samples were residual tumors 
in patients who underwent cisplatin-based chemotherapy, we 
supposed that they also contained tumor cells resistant to 
cisplatin. The baseline histological and clinical characteristics 
of the successfully implanted tissue samples of patients are 
summarized in Table I. In all cases, the post-chemotherapy 
treatment tissue samples representing F0 generation were 
grafted. Growing xenografts were established from the two out 
of the three inoculated patient samples. The first sample, desig-
nated TGCT_001, originated from a retroperitoneal metastatic 
seminoma and produced four tumor xenografts. These were 
subsequently injected into F2 mice as schematically depicted 
in Fig. 3A. The first two tumors were dissociated and injected 

64 days after the experiment start date, and produced 3 tumors 
out of 4 inoculates. The other two tumors were dissociated 
and injected 80 days post-implantation, but did not produce 
any tumors. In contrast to the first injection, when exponen-
tial growth was observed in all four tumors after 40-55 days 
post-injection, the second injection produced only one expo-
nentially growing xenograft (Fig. 3B and C). The other two 
injections produced palpable persistent tumor masses of stable 
volume. Subsequent inoculation of the suspension derived 
from these three xenografts did not produce any tumors in the 
next in vivo passage.

The second sample, designated TGCT_002, originated 
from a retroperitoneal metastatic mixed germ-cell tumor 
with embryonal carcinoma, yolk sac, teratoma and seminoma 
components. This sample produced three tumor xenografts. 
Exponentially growing tumorsweresubsequently injected 
into F2 mice 56 days after the experiment start date, as 

Figure 3. Establishment of the PDX model from the tumor sample no. TGCT_001. (A) Schematic overview of mouse inoculation. (B) Growth of primary tumor 
xenografts on immunodeficient mice. (C) Growth of tumor xenografts derived from the primary tumor xenograft upon passage in vivo.
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schematically depicted in Fig. 4A. The two other tumors were 
dissociated and injected 116 days post-implantation, but none 
of the inoculations produced any tumor. We observed expo-
nential growth 25 days post-injection in this case, in one tumor 
only (Fig. 4B). The other two injections produced palpable 
persistent tumor masses that changed volume at an extremely 
slow rate. Subsequent inoculation of the suspension derived 
from these three xenografts did not produce any tumors in the 
next in vivo passage.

Molecular analysis confirmed the presence of human 
specific β-globin sequences in both successfully engrafted 
samples (Fig. 5).

Histological and immunohistochemical analysis of PDX 
tumors. Histological and immunohistochemical analysis 
of established PDX tumors demonstrated that the original 
histology was not maintained in any of the cases. Both success-
fully engrafted tumor tissues obtained from F1 mice displayed 
a lymphocytic dominant pattern, regardless of the tumor 
histology of patients (seminoma vs. mixed germ cell tumor). 
These cases were analyzed to determine their detailed 
histological and immunohistochemical features.

The histological analysis of case no. TGCT_001 exhibited 
diffuse proliferation of prevailing medium-sized lymphoid 
mononuclear blasts of centroblastic and immunoblastic 
morphology, with few intermingled and dispersed multinucle-
ated giant blasts resembling Sternberg-Reed cells. Irrespective 
of the tumor cell size, all cells expressed immunohistochem-
ical positivity for PAX5, CD20, CD30 (positivity appeared 
in >70% of the mononuclear blasts and multinucleated giant 
cells), Bcl‑2 and MUM1/IRF‑4 together with a high prolifera-
tion rate (Ki‑67 index, ~70%). By contrast, they were negative 
for CD3, CD5, CD15, BCL6, CD10, CD138, PLAP and cyto-
keratins. Twenty to thirty percent of tumor cells co-expressed 
p53 protein and LMP, and ~40% of tumor cells also had Myc 
protein nuclear positivity (Fig. 6). According to all these 
results, we may conclude that PDX tumor no. TGCT_001 
represented an anaplastic variant of a CD20+/CD30+ diffuse 
large B‑cell lymphoma.

The case no. TGCT_002 was characterized by diffuse 
infiltration of uniform cells with the morphology of 
mature, predominantly mononuclear plasma cells of 
Marschalko-type. These cells presented with an immuno-
histochemical phenotype of clonal plasmacytic proliferation 
with cytoplasmic Ig of l light chain type, were positive for 
CD138 and MuM1/IRF-4, and negative for PAX5, CD20, 

Figure 4. Establishment of the PDX model from the tumor sample no. TGCT_002. (A) Schematic overview of mouse inoculation. (B) Growth of primary tumor 
xenografts on immunodeficient mice.

Figure 5. qPCR analysis of human β-globin and mouse Rapsyn in success-
fully engrafted samples TGCT_001 and TGCT_002. The quantity of PCR 
products was calculated by Cq value. The positive control DNA was isolated 
from human breast cancer cells MDA‑MB‑231/EGFP (ATCC® HTB‑26™). 
DNA isolated from the mouse cell line NIH/3T3 (ATCC® CRL‑1658™) 
was used as a negative control. Evaluation of human specificity of β-globin 
amplification was demonstrated using a 2‑fold dilution for 100 to 0 ng human 
gDNA per assay in PCR grade water and in 0 to 100 ng murine gDNA per 
assay.
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CD3, CD56 and CK20 (Fig. 7). The Ki-67 proliferation 
index was low (<5%). The described morphological and 
phenotypic patterns allowed us to conclude that the analyzed 
tissue sample was infiltrated with tumor cells corresponding 
to the plasmocytoma of grade 1 expressing l light chain 
restriction.

Discussion

PDX models that realistically reflect patient heterogeneity and 
retain tumor biology represent a novel approach in the develop-
ment of new treatment strategies. PDXs may also shed light on 
the pathways underlying the response of cancer cells to different 

Figure 6. Representative histology of the PDX from seminoma tumor sample no. TGCT_001, exhibiting signs of diffuse large B cells lymphoma. (A) Tumor tissue 
slides stained with hematoxylin and eosin (magnification, x60). (B) Tumor tissue slides stained with proliferation marker Ki‑67 antibody (magnification, x20). 
(C) Immunohistochemical staining of c‑Mycin sections obtained from tumor tissue sample TGCT_001 (magnification, x40). (D) Immunohistochemical 
examination of p53 in analyzed tumor tissue slides (magnification, x40). (E) Positive‑CD30 staining (magnification, x20). (F) Tumor tissue slides stained with 
PAX5 antibody (magnification, x60).

Figure 7. Representative histology of plasmocytoma cells of PDX tumor no. TGCT_002. (A) Tumor tissue slides stained with hematoxylin and eosin 
(magnification, x60). (B) Tumor tissue slides stained with plasma‑cell marker CD138 antibody (magnification, x60). (C) Immunohistochemical staining 
of immunoglobulin l light chain in sections obtained from tumor tissue sample TGCT_002 (magnification, x40). (D) Tumor tissue slides stained with 
myeloma‑associated oncogene MUM1/IRF‑4 antibody (magnification, x60).
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treatment modalities, and enable the development of optimized 
combination therapies to overcome therapeutic resistance.

The aim of the present study was to establish and charac-
terize TGCT patient-derived xenografts. These originated from 
retroperitoneal lymph node metastases infiltrated with TGCTs 
following previous cisplatin-based chemotherapy, in order to 
analyze novel treatment options for cisplatin-resistant testicular 
tumors. To the best of our knowledge, only a limited number of 
studies have investigated this field of TGCTs. The engraftment 
efficacy of primary xenotransplants in our patient cohort was 
67%. Several studies have analyzed factors associated with the 
successful engraftment of PDX tumors. It was demonstrated 
that PDX models derived from metastatic lesions have a higher 
engraftment rate, in comparison to PDXs derived from primary 
tumors (24,25). In addition, a reduction of ischemic time and 
overall procedure time appearto be significant experimental 
parameters affecting successful implantation (12). Likewise, 
implantation in the same organ as the original tumor (ortho-
topic implantation), where the tumor develops in the same 
anatomical microenvironment, may also affect the success 
of PDX model establishment (26). Furthermore, using ECM 
as well as severe immunocompromised SCID mice has been 
demonstrated to improve successful engraftment in various 
cancer types (27-29). However, another study revealed that 
these factors, together with preoperative chemotherapy, did 
not have any significant influence on engraftment (12). The 
elapsed time for the successful engraftment in F1 animals was 
40‑55 days in the first case, and 25‑40 days in the other case. 
In both cases, histological characteristics of the primary tumor 
were not retained, and lymphoma transformation was observed.

In clinical practice, the surgical resection of residual lymph 
nodal masses infiltrated with TGCTs after primary chemo-
therapy is usually performed. Histologically, these surgical 
specimens may contain mature teratoma in ~30-40% of cases, 
fibrosis or necrosis in 48% of cases and cells in 10‑20% of the 
patients (30‑32). These findings are consistent with our results, 
where a surgical specimen obtained from the retroperitoneal 
lymph node metastasis of patient TGCT_002 was histologically 
characterized as teratocarcinoma. Notably, the study published 
by Brandli et al reported that the fibrous stromal cells adjacent 
to residual metastatic mature teratoma in lymph node specimens 
after chemotherapy have genetic abnormalities, similar to adja-
cent metastatic teratoma. These results indicated that both tumor 
components are derived from the same element of the original 
germ cell tumor or the same progenitor cell (33). Based on these 
data, we suggest that the transformation of the TGCTs PDX 
samples toward plasmocytoma/lymphoma observed in our study 
may be explained by the presence of totipotent EC as a common 
progenitor cell. The differentiation of seminoma cell line TCam2 
towards EC-like cells was observed by Nettersheim et al, 
following the transplantation of TCam2 cells into the semi-
niferous tubules of germ cell deficient (busulfan‑treated) nude 
mice. The upregulation of SOX2 marker and downregulation of 
SOX17 expression was also reported (34). In addition, a similar 
transformation of seminoma cells towards embryonal carcinoma 
cells was observed in our laboratory following engraftment of 
TCam2 cells into SCID mice.

Although it is generally known that NOD/SCID mice 
demonstrate a high incidence of thymic lymphomas with 
age (35), we excluded this possibility since qPCR analysis 

confirmed the presence of human β‑globin‑specific sequences 
in both successfully engrafted samples. However, Eppstein Barr 
virus (EBV)‑related B‑cell lymphomas have been observed in 
up to 68% of PDX tumor models derived from several types 
of cancer (36,37). In the study by Chen et al, the engraftment 
of primary human hepatocellular carcinoma (HCC) tumor 
fragments or bulk tumor cell suspensions into immunodeficient 
mice resulted in lymphoid neoplasms, rather than HCC in 11 
of the 21 established xenografts (38). Therefore, it was hypoth-
esized that human solid tumor xenografts in immunodeficient 
mice are vulnerable to lymphomagenesis associated with TILs 
(tumor‑infiltrating lymphocytes). TILs have been demonstrated 
likewise to be an important biomarker with prognostic and 
predictive features in different types of cancer. The increasing 
risk of relapse associated with low numbers of TILs has also 
been demonstrated in stage I seminomas (39). Cumulative data 
from murine studies has determined that myeloid lineage leuko-
cytes, including tumor-associated macrophages, dendritic cells 
and myeloid-derived suppressor cells, are important factors in 
shaping the microenvironment via the factors they produce, 
towards either an immunostimulatory antitumor milieu or 
a wound healing tumor-promoting microenvironment (40). 
Therefore, a potential explanation for the lymphoma transfor-
mation observed in PDXs in our study may include TILs from 
the patient-originated tumors, which are transformed under 
new microenviroment conditions after their engraftment into 
immunodeficient recipient mice. It has been suggested that 
this potentially confounding process may be prevented by 
excluding leucocytes from the source tissue; for example, by 
treating mice with rituximab (a monoclonal antibody against 
B‑cells) (41). However, there is no effective solution to prevent 
lymphoma transformation in PDXs at present (12).

In summary, we revealed that the PDX tumors in immu-
nodeficient mice, derived from patients with lymph node 
metastases infiltrated with TGCTs (seminoma and terato-
carcinoma) after previous cisplatin-based chemotherapy, 
transformed into lymphoma and subsequently into plasmo-
cytoma. Lymphomagenesis represents new challenge in the 
establishment and serial propagation of PDX models derived 
from patients with testicular cancer.
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