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Abstract
Introduction: Cancer of the testis is currently the most frequent neoplasm and a leading cause of morbidity 

in men 15-35 years of age. Its incidence is increasing. Embryonal carcinoma is its most malignant form, which 
either may be resistant or may develop resistance to therapies, which results in relapses. Cancer stem cells are 
hypothesized to be drivers of these phenomena.

Specific aim: The specific aim of this work was identification and isolation of spectra of single, living cancer stem 
cells, which were acquired directly from the patients’ biopsies, followed by testing of their pluripotency.

Patients-Methods: Biopsies were obtained from the patients with the clinical and histological diagnoses of 
the primary, pure embryonal carcinomas of the testes. The magnetic and fluorescent antibodies were genetically 
engineered. The SSEA-4 and TRA-1-60 cell surface display was analyzed by multiphoton fluorescence spectroscopy 
(MPFS), flow cytometry (FCM), immunoblotting (IB), nuclear magnetic resonance spectroscopy (NMRS), energy 
dispersive x-ray spectroscopy (EDXS), and total reflection x-ray spectroscopy (TRXFS). The single, living cells were 
isolated by magnetic or fluorescent sorting followed by their clonal expansion. The OCT4A, SOX2, and NANOG 
genes’ transcripts were analyzed by qRTPCR and the products by IB and MPFS. 

Results: The clones of cells, with the strong surface display of TRA-1-60 and SSEA-4, were identified and 
isolated directly from the biopsies acquired from the patients diagnosed with the pure embryonal carcinomas of 
the testes. These cells demonstrated high levels of transcription and translation of the pluripotency genes: OCT4A, 
SOX2, and NANOG. They formed embryoid bodies, which differentiated into ectoderm, mesoderm, and endoderm. 

Conclusion: In the pure embryonal carcinomas of the testes, acquired directly from the patients, we identified, 
isolated with high viability and selectivity, and profiled the clones of the pluripotent stem cells. These results may help 
in explaining therapy-resistance and relapses of these neoplasms, as well as, in designing targeted, personalized 
therapy.

Keywords: Cancer of the testis; Testicular carcinoma; Germ cell
tumor; Embryonal carcinoma; Pluripotency; Stem cell; Fv; TRA-1-60; 
SSEA-4; OCT4A; SOX2; NANOG

Abbreviations: GCT: Germ Cell Tumor; ECT: Embryonal
Carcinoma of the Testis; ECO: Embryonal Carcinoma of the Ovary; 
OCT4A (aka POU5F1): Octamer-binding Transcription Factor 4A 
(aka POU-type homeodomain – containing DNA binding protein (on 
ch6); SOX2: SRY (sex determining region Y)-box 2 (on ch3); NANOG: 
Homeobox Transcription Factor Nanog (on ch12); scFv: Single Chain 
Variable Fragment Antibody; dcFv: Dual Chain Variable Fragment 
Antibody; FCM: Flow Cytometry; IB: Immunoblotting; MACS: 
Magnetically Activated Cell Sorting; FACS: Fluorescently Activated 
Cell Sorting; NMRS: Nuclear Magnetic Resonance Spectroscopy; 
TRXFS: Total Reflection X-ray Fluorescence Spectroscopy; MPFS: 
Multiphoton Fluorescence Spectroscopy; EELS: Electron Energy Loss 
Spectroscopy; EDXS: Energy Dispersive X-ray Spectroscopy.

Introduction
Cancer of the testis, also known as testicular cancer or testis’ 

cancer, is the most frequent neoplasm in men of  15-35 years of age 
[1-7]. Significant increases in incidence trends have been recorded with 
the rate factor of 2.3 in the USA between 1995-1989 and 0.8 between 

1989-2009. Its incidence nearly doubled globally in the years 1989-
2009. Men with Northern Europe heritage are at the highest risk [8-10]. 
In utero exposure of male fetuses, to endocrine disruptors and other 
environmental pollutants, is suggested as one of the causes [11-15]. In 
histological classification, germ cell tumors (GCTs) constitute more 
than 95% of these tumors. Embryonal carcinomas of the testes (ECT) 
are the most malignant forms of GCTs [4-6].

#Preliminary results of this work were presented at the 62nd Annual Meeting of 
the American Society of Human Genetics, November 6-10, 2012, San Francisco, 
California
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The average 5-Year Relative Survival Rates (5Y-RSR) have improved 
significantly from 83% to 96% in the United States between 1975 to 
2007 [2]. Nevertheless early diagnosis plays a critical role as 5Y-RSR 
reached 99% for distribution of 69% of patients, who were diagnosed 
with the localized cancer of the testis, but dropped down to 95.8% for 
those 18%, who were diagnosed with the cancer already spreading to 
the regional lymph nodes, and fell further down to 72.5% for those 
13%, who were diagnosed with the metastasized cancer. However, the 
major concerns are raised by the increased mortality delayed beyond 5 
years, the increased numbers of secondary neoplasms, and late relapses 
[16-25].  

Initial history taking may help to provide warning signs [26-32]. 
In particular, prior history of the cancer, in the contra-lateral testis, 
increases the risks and may suggest survey biopsies, which may 
reveal pre-invasive carcinoma in situ. Infertility, oligospermia, or 
gynecomastia may also be warning signs. Reported symptoms may 
include pain in the testicle, scrotum, or abdomen, scrotal heaviness or 
firmness. During physical examination, swelling, redness, and often 
sensitivity to touch may be determined. Only 5% of patients may 
report gastrointestinal, endocrinological, neurological, or respiratory 
problems, which may point to metastases. Ultrasonography (USG) is 
the first choice of non-ionizing radiation based imaging [33]. Non-
conclusive USG has to be refined by magnetic resonance imaging 
(MRI) [34]. Genetic testing may detect aneuploidy and multiple 
copies of the chromosome 12 [35]. Blood tests may reveal increased 
levels of alpha-fetoprotein, beta human chorionic gonadotropin, and 
TRA-1-60 [35-39]. In pathomorphology, signs of hemorrhaging and 
necrosis are manifestations of rapidly growing malignant tumors 
[40-43]. Moreover, presence of high percentage of embryonal 
carcinoma cells in mixed tumors, which appear as polygonal and 
undifferentiated, but with washed-out nuclei and prominent nucleoli, 
prompts poor prognosis. Furthermore, mixed GCTs create not only 
serious diagnostic issues – due to often non-representative sampling 
of heterogeneous populations of cancer cells within tumors, but 
also therapeutic challenges – due to differences in responsiveness to 
systemic therapies augmenting orchiectomy, in nearly all patients, to 
suppress dissemination [44-49]. Therefore, finding unique molecular 
biomarkers, which not only facilitate histological classification, but 
also define malignant potential, is critical for planning personalized, 
targeted therapies.

SSEA-4 and SSEA-3 - globo-series glycolipids, which were displayed 
on surfaces of the majority of undifferentiated cells from human, 
cultured, testicular embryonal carcinoma lines, became the hallmark 
of undifferentiated stem cells [50-51]. SSEA-1 was displayed instead 
on these cells upon their differentiation [52]. TRA-1-60 and TRA- 
1-81- mucin-like antigens, which were displayed on and shed from the 
embryonal carcinomas, also became biomarkers of pluripotent cells 
[53]. Pluripotency of these cells was demonstrated by their ability to form 
embryoid bodies in vitro and to differentiate into three, morphologically 
distinct, germ layers: ectoderm, endoderm, mesoderm. Moreover, their 
ability to differentiate was demonstrated by induction with dimethyl-
sulfoxide (DMSO), retinoic acid (RA), or hexamethylene-bisacetamide 
(HMBA), into all tissue types, including muscular, neuronal, and 
epithelial [54-63]. Dynamics of these biomarkers’ cell surface display 
showed similarities with the cultured pluripotent embryonic stem cells 
from inner masses of human blastocysts, thus possessing totipotential 
[64-73]. They were detected on stem cells of the human fetal testes [74]. 
These biomarkers were also displayed on pluripotent stem cells derived 
from bone marrow [75]. CD30, CD117, CD44, CD133, CD29, SSEA-
5, and MHC, were identified, as biomarkers of stem cells’ fractions or 

differentiation stages, but were not uniquely present on all human, 
pluripotent stem cells. Moreover, they were reported on cells in some 
studies, but undetected in the others, also by immunocytochemistry on 
paraffin sections from cancerous and healthy testes [76-91].

Transcription factors: NANOG, OCT4, and SOX2, determined as 
capable of inducing pluripotency of differentiated cells, constituted 
the group of the unique biomarkers of pluripotent stem cells [92-
94]. The genes’ expression profiles were very similar in the cultured 
pluripotent cells of the lines of embryonal carcinomas of the testes 
and of the embryonic inner mass, as well as, in the pluripotent stem 
cells identified directly in the embryonal carcinomas of the ovaries 
[94]. These factors were also tested in formaldehyde-fixed, paraffin-
embedded (FFPE) and snap-frozen (SF) tissues, which were acquired 
from the patients tumors’ and healthy testes’, but often with conflicting 
results. Gene transcripts of these factors were also quantified by 
RTPCR and microarrays on homogenized tissues recovered from 
FFPE, SF, and fresh cancerous and healthy tissue samples, but often 
with varying results [97-103]. Randomness of selection and small 
sizes of samples not reflecting completeness of human cancer cell 
heterogeneity, variability in the samples’ preparation methods, 
differences in cultures’ environments, lack of the direct correlations 
between pathomorphology and functionality of the living cancer 
cells, heterogeneity of clones in cell lines, difficulties in extrapolating 
cell culture data onto in vivo phenomena, incompatibility between 
biomarkers for humans versus other species, all created the problems, 
to mention only these few, with streamlining of the acquired data into 
the clinics. Meanwhile, the clones of the living, pluripotent human 
stem cells with the SSEA-4 and TRA-1-60 displayed were not isolated 
directly from the testicular tumors, the transcription factors were not 
quantified in these clones, and the clones of pluripotent stem cells were 
not imaged in these cancers in vivo. To address these problems, the 
novel biomarkers and approaches are being developed to study spectra 
of single, living cells, ex vivo - acquired directly from tumors or in vivo, 
in situ - in their natural environment [104-114].

Our work herein is the first attempt to identify and isolate, directly 
from the biopsies of the patients diagnosed with germ cell tumors of 
the testes, spectra of single, living cells with the cell surface display of 
SSEA-4 and TRA-1-60, and to follow up with the single cells’ cloning 
and evaluating their pluripotency.

Materials and Methods
Patients-Samples

All the samples were obtained in accordance with the Declaration of 
Helsinki with the Patients’ Informed Consent and with the Institutional 
Review Boards’ approval. The samples from the patients, who were being 
clinically and histopathologically diagnosed with the germ cell tumors 
(GCT): men with testicular GCTs (n=103); women with ovarian GCTs 
(n=43); women (n=3) or men (n=3) with the extragonadal GCTs were 
included into this study. All the samples were encoded to protect the 
patients’ identity. The cases of the primary, pure, advanced embryonal 
carcinomas of the testes (ECT) were selected for this study. Collection 
of the samples from the tumor, ascites, metastases, healthy tissue, bone 
marrow, and blood was performed according to the standard surgical 
procedures. The batches of the samples were either immediately labeled 
with the single or dual chain variable fragment (Fv) antibodies, or 
incubated for cultures / clonal expansion, or rapidly cryoimmobilized or 
chemically preserved for bio-banking [94]. Healthy brain, heart, ovary, 
and testis tissues, which were surgically dissected as the safety margins 
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or prophylaxis, and bone marrow mononuclear and peripheral blood 
mononuclear cells obtained prior to cancer therapy, were the controls. 

Genetically engineered single or dual chain variable fragment 
(Fv) antibodies

The genetically engineered, variable fragment (Fv) antibodies were 
prepared as described [94], thus only briefly outlined below. Antibodies 
for TRA-1-60, SSEA-4, CD-45, CD-34, CD-19, CD-20 were genetically 
engineered from the B cells of patients suffering cancers. Anti-DOTA, 
anti-DTPA, and anti-TETA were genetically engineered from the B 
cells of patients undergoing multiple rounds of imaging and therapy 
involving chelates as the contrast agents. The pooled B cells from these 
patients were used to isolate mRNA, reverse transcribe, and create 
the cDNA libraries of complementarity determining regions (CDR) 
and framework regions (FWR) for anti-cancer-antibodies (ACA) 
coding sequences. The cds, after insertion into the plasmids containing 
chelates’ harboring coding sequences under the CMV promoters, were 
propagated and expressed in human myelomas as described (Fv clones 
TRA-1-60 24, SSEA-4 37 were used in this project). The native TRA-1-60, 
SSEA-4, CD-45, CD-34, CD-19, CD-20 were purified, which followed 
by modification with biotin, digoxigenin, or fluorescein. The modified 
TRA-1-60, SSEA-4, CD-45, CD-34, CD-19, CD-20 were anchored onto 
anti-biotin, anti-dig, or anti-FITC saturated pans and served as baits 
for selection of the Fv clones from the ACA libraries. The chelates were 
saturated with Gd, Tb, Eu, Mn, or Ru. The elemental compositions 
were validated with EDXS (Noran, Middleton, WI, USA) or TRXFS 
(Bruker AXS, Fitchburg, WI, USA). The fluorescent properties were 
measured with the RF-5301PC spectrofluorometer (Shimadzu, Tokyo, 
Japan). The specificity and sensitivity of the Fvs were tested with the 
EELS and EDXS [115]. The magnetic relaxivities were measured on 
the DMX 400 WB or AVANCE II NMR spectrometers (Bruker Optics, 
Dallas, TX, USA). The monoclonal antibodies targeting TRA-1-60, 
SSEA-4, CD45, CD34, CD-19, CD-20 served as the positive controls, 
and antibodies towards 6His, FLAG, DOTA, TETA, and DTPA were 
the negative controls. To target human OCT-4, SOX2, NANOG, 
the genetically engineered, variable fragment (Fv) antibodies were 
prepared as described [94].

Flow cytometry (FCM)-Fluorescently activated cell sorting 
(FACS)-Multiphoton fluorescence spectroscopy (MPFS) 

The cell clusters were thoroughly disintegrated into single cell 
suspension by short treatment with the PIPES buffered DNase, RNase, 
trypsin, and collagenase as described [94]. The negative selection 
involved depletion of hematopoietic progenitor cells with the Fvs 
anti-CD34; differentiated hematopoietic cells with the Fvs anti-CD45, 
apoptotic cells with the Fvs anti-PS, the dead cells with the Fvs anti-
DNA to reach above 99.5% of purity. The remaining samples were 
further enriched by the positive selection with the Fvs for TRA-1-
60 or SSEA-4. The enriched populations of the cells labeled with the 
fluorescent Fvs targeting TRA-1-60 and SSEA-4 were measured 
with the Calibur, Vantage SE, or Aria (Becton-Dickinson, Franklin 
Lakes, NJ, USA) or the FC500 (Beckman-Coulter, Brea, CA, USA). 
The fluorescently labeled cells were imaged with the Axiovert (Zeiss, 
Oberkochen, D, EU) equipped with the Enterprise argon ion (457 
nm, 488 nm, 529 nm lines) and ultraviolet (UV) (364 nm line) lasers; 
Odyssey XL digital video-rate confocal laser scanning imaging system 
operated up to 240 frames/s under control of Intervision software 
(Noran, Madison, WI, USA), and the Diaphot (Nikon, Tokyo, Japan) 
equipped with the Microlase diode-pumped Nd:YLF solid state laser 
(1048 nm line), the pulse compressor with the pulses’ rate 300 fs at 

120 MHz and the MRC600 scanning system under control of Comos 
software (the multi-photon fluorescence station built based upon the 
NIH funds – PI: Dr J. White). Deconvolution of images was done on 
the Indy workstation (Silicon Graphics, Fremont, CA, USA).

Total Reflection X-ray Fluorescence Spectroscopy (TRXFS)

In this study, the ICP standard of 1000 mg/l of mono-element 
Gallium (CPI International, Denver, CO, USA) was added to 500 
microL of each sample to the final concentration of 10 mg/l.  The data 
were generated from the S2 Picofox TXRF spectrometer equipped with 
a molybdenum (Mo) X-ray target and the Peltier cooled Xflash Silicon 
Drift Detector (Bruker AXS, Fitchburg, WI, USA). Scan times ranged 
up to 1000 seconds.   The automatic sample changer, which can hold 
up to 25 samples, was also used along with the SPECTRA 7 software 
for the instrument control, data collection, and analysis (Bruker AXS, 
Fitchburg, WI, USA).  

Nuclear magnetic resonance (NMR)-Magnetically activated 
cell sorting (MACS) 

The cells were labeled for positive selection with the 
superparamagnetic Fvs targeting TRA-1-60 and SSEA-4, and for 
the negative selection targeting CD45, CD34, dsDNA, and PS, while 
suspended in the physiological buffer supplemented with serum and 
glucose. The small aliquots were dispensed into the magnetism-free 
NMR tubes (Shigemi, Tokyo, Japan). The relaxation times T1 were 
measured in resonance to the applied FLAIR pulse sequences on the 
NMR spectrometers: DMX 400 WB or AVANCE II NMR (Bruker, 
Billerica, MA) or the Signa clinical scanners (GE, Milwaukee, WI, 
USA). The superparamagnetic Fvs were also used to isolate the labeled 
cells from the solution using the magnetic sorter to reach above 99.5% 
of purity (the sorter designed and built based upon the NSF funds – PI: 
Dr M. Malecki). 

Electron energy loss spectroscopy (EELS)-Energy dispersive 
x-ray spectroscopy (EDXS) 

The samples, which were cryo-immobilized, presented the life-
like supramolecular organization. Molecular imaging was pursued as 
described [112]. The field emission, scanning transmission, electron 
microscope FESTEM HB501 (Vacuum Generators, Kirkland, WA, 
USA) was equipped with the energy dispersive x-ray spectrometer 
(EDXS) (Noran, Middleton, WI, USA) and post-column electron 
energy loss spectrometer (EELS) (Gatan, Pleasanton, CA). The cryo-
energy filtering transmission electron microscope 912 Omega was 
equipped with the in-column, electron energy loss spectrometer (EELS) 
(Zeiss, Oberkochen, D, EU). The cryo-energy filtering transmission 
electron microscopes 410 and 430 Phillips were equipped with the post-
column, electron energy loss spectrometers (EELS) (Noran, Middleton, 
WI, USA). The field emission, scanning electron microscope SEM1530 
(Zeiss, Oberkochen, D, EU) was equipped with the energy dispersive 
x-ray spectrometer (EDXS) (Noran, Middleton, WI, USA). The field 
emission, scanning electron microscope 3400 was equipped with 
the energy dispersive x-ray spectrometer (EDXS) (Hitachi, Tokyo, 
Japan). The images and spectra were acquired using the ccd camera 
operating under the image acquisition and processing software (SIS, 
Herzogenrath, D, EU or Emispec Systems, Tempe, AZ, USA).

Cultures-Embryoid bodies-Clonal expansion-Differentiation

The cancer cells were grown as described [55,60,96]. Cell clusters 
were separated into single cell suspension by short treatment with 
the PIPES buffered DNase, RNase, trypsin, and collagenase. The cells 
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were labeled with the fluorescent or magnetic Fvs and isolated by 
FACS or MACS [94,104-105]. Cultures were established as described 
for metastatic testicular embryonal carcinoma line [54] or human 
embryonic stem cells [66]. The cultures of the human, male embryonic 
stem cells - hESC H1, H13, H14 with normal XY karyotypes [66], human 
line of embryonal carcinoma of the testis cells derived from metastasis 
of teratoma- hECT NT2D1, muscle cells - RD, brain neuronal cells - 
HCN-2 were the controls (ATCC,  Manassas, VA). Moreover, healthy 
tissue of ovaries (HTO) from prophylactic oopherectomy, healthy 
tissue from testes (HTT) dissected during orchiectomy - testosterone 
depleting measure during therapy of prostate cancer, healthy neural 
tissue (HTN) – from healthy margins removed during surgery of 
brain tumors, healthy margins of cardiac muscle excised during 
cardiac surgery (HTC) were the controls. Finally, bone marrow and 
peripheral blood mononuclear cells were the controls. Differentiation 
of the embryoid bodies into the three germ layers was conducted and 
validated based upon testing transcription of the specific genes with 
qRTPCR, whereas amplicons for neurofilament 68kDa, α-fetoprotein, 
and ζ-globin identified formation of ectoderm, endoderm, and 
mesoderm respectively as described [70]. Differentiation towards 
specific lineages was induced on plated cells by 10-5 M retinoic acid, 
3 mM hexamethylene bisacetamide (HMBA), 1% dimethyl sulfoxide 
(DMSO), 250 ng/ml nerve growth factor, epidermal growth factor, or 
vascular endothelial growth factor added to the media (Sigma-Aldrich, 
Saint Louis, MO, USA). The evaluation was based upon labeling 
with the Fvs anti-neurofilaments and bungarotoxin – to validate 
differentiation towards neurons, anti-GFAP – into glia, anti-desmin 
and cardiac myosin - into muscle, anti-cytokeratins – into epithelium.

Immunoblotting (IB) 

The cells were either frozen in liquid nitrogen, crushed, and 
thawed or/and disintegrated with ultrasonicator (Branson Ultrasonic, 
Danbury, CT, USA) within the sample buffers for native protein 
analysis. They were stored in liquid nitrogen or electrophoresed in 
the native buffer (Invitrogen, Carlsbad, CA, USA). They were vacuum 
or electro-transferred onto the PVDF membranes (Amersham, 
Buckinghamshire, UK, EU). The membranes carrying the transferred 
proteins were soaked within human serum and labeled with the Fvs. 
The samples of muscle myosin, neuronal filament protein, lamins, 
actin, and cytokeratins served as the controls. The images of the blots 
were acquired and quantified with Fluoroimager (Molecular Dynamics, 
Sunnyvale, CA, USA) or Storm 840 (Amersham, Buckinghamshire, 
UK, EU). The levels of the products were also calculated, as the ratio 
between the protein concentration in the examined patient’s cells and 
the controls.  

Quantitative reverse transcription and polymerase chain 
reaction (qRTPCR) 

Total isolated mRNA served as the template to generate cDNA 
through reverse transcription using random hexamers and reverse 
transcriptase (ABI, Foster City, CA, USA) as described [96]. The 
cDNAs’ and amplicons’ qualities were tested by polymerase chain 
reaction of beta actin and GAPDH, as the reference genes (ABI, 
Foster City, CA, USA). For evaluation of the gene expression levels 
for OCT4A, OCT4B, OCT4B, the primers sets were designed using 
Primer Express (ABI, Foster City, CA, USA) based upon the sequences 
imported from the Public Domain GenBank (NCBI), and synthesized 
on the 380A DNA Synthesizer (ABI, Foster City, CA, USA). The PCR 
reactions were carried using the mix of the cDNA, the synthesized 
primers, dNTPs, and Taq DNA polymerase (Hoffmann–La Roche, 

Basel, H) on the Robocycler (Stratagene, San Diego, CA, USA), 
Mastercycler (Eppendorf, Hamburg, D, EU), or 7500, 7900 systems 
(ABI, Foster City, CA, USA). The images of the gels were acquired and 
quantified with Fluoroimager (Molecular Dynamics, Sunnyvale, CA, 
USA) or Storm 840 (Amersham, Buckinghamshire, UK, EU). The levels 
of the transcripts were all normalized against GAPDH or actin, and 
thereafter calculated as the ratios between the transcript concentration 
in the examined patient’s cells versus the cells from the healthy control 
tissues and cultures.  

Statistical analysis

Fisher’s exact test was used to examine the association of the 
gene expression, between the human ECT cells versus the controls: 
cultured human embryonal carcinoma cells of the testis (NT2D1), 
cultured human embryonic stem cells (H1, H13, H14), healthy tissue 
of the ovaries (HTO), healthy tissue of the testis (HTT), peripheral 
blood mononuclear cells (PBMC), or bone marrow mononuclear 
cells (BMMC). Average gene expression measurements were run 
in triplicates for each patient, which were used for gene expression 
statistical analysis. For the comparisons, Wilcoxon signed rank test 
was used, and Wilcoxon rank sum test for the comparison of the 
independent groups of the ECT versus the controls. A two-sided 
p-value was computed in each comparison. The APC was accepted as 
statistically significant with p < .001. The graphs were displayed using 
GraphPad software (GraphPad Software, Inc, La Jolla, CA). 

Results
Displays of TRA-1-60 and SSEA-4 on surfaces of the cells biopsied 

directly from the primary tumors of the patients diagnosed with the 
embryonal carcinoma of the testes were presented in the figures 1-5. 
Specificity and sensitivity of Fvs were first determined on immunoblots 
as illustrated in the figure 1. The patients’ data (huECT bio) were 
validated on blots of the cultured human embryonic stem cells as 

TRA-1-60

 SSEA-4

hESC cc          hECT bio

Figure 1: TRA-1-60 and SSEA-4 displayed on the cells biopsied directly from 
the primary tumors of the patients diagnosed with the embryonal carcinoma 
of the testes (huECT bio) (in the figure 1 for the patient encoded 001) were 
compared to those on the cultured human embryonic stem cells from the line 
H1 (huESC cc). The cells were homogenized, electrophoresed, transferred 
on membranes, and labeled with the Fvs. All samples were run in triplicates. 
The blots were representative for all the remaining patients’ biopsies and 
controls. The blots were quantified with the statistical significance accepted 
at p < 0.001.
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positive controls (huESC cc) and mononuclear cells as the negative 
controls (huBMM bio). For all batches of the cells, acquired from each 
of the patients and from controls, the electrophoresis and blotting were 
run in triplicates. The blots in the figure 1 are representative for all the 
other samples. The labeling is highly sensitive and specific, as validated 
by the single bands against completely clean background. Both, TRA-
1-60 and SSEA-4 showed the strong display. Their display was much 
higher on the ECT cells than on the ESC cells and absent on the BMM 
and PBM cells. Specificity and sensitivity of chelated, thus fluorescent, 
Fvs were highlighted by multiphoton fluorescence, as illustrated in the 
figure 2. For all batches of the cells, acquired from each of the patients 
and from the controls, the immunolabeling was run in triplicates, 
followed by acquisition of images from ten randomly selected cells. The 
images presented are representative for all the samples studied.      

Considering heterogeneity of the tumor cells’ populations, 
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Figure 3: The cells were biopsied directly from the primary tumors of the 
patients diagnosed with the embryonal carcinoma of the testes (huECT bio) 
(in the figure 3, the patients encoded 001-009), the mononuclear cells from 
bone marrow (huBMMC) and from peripheral blood (huPBMC), the cultured 
human embryonic stem cell lines (H1, H13, H14) (huESC cc), and the cultured 
cells from metastasis to lungs of the testicular embryonal carcinoma (NT2D1) 
(huECT cc), labeled with the superparamagnetic Fvs targeting TRA-1-6- and 
SSEA-4, and isolated with magnetic sorter to enrich the samples’ purity better 
than  99.5% with the statistical significance accepted at p < 0.001.
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Figure 4: Display of TRA-1-60 and SSEA-4 in the enriched samples of the 
cells acquired from the patients with embryonal carcinomas of the testes 
(ECT), relative to the cultured human embryonic stem cell lines (huESC cc) 
and the peripheral blood (huPBMC bio), was quantified by NMRS. Since 
the Fvs were chelating superparamagnetic metals, then they were causing 
shortening relaxation times, thus increased relaxivities, of the labeled 
samples. Each sample was run in triplicates. The data presented in the figure 
are representative for all the samples and controls. The relative display was 
quantified by calculating the ratios (y-axis), between the relaxivity of the 
patients’ samples in relation to the averaged value for the sample of the 
labeled huESC cells, which was considered as 1. The differences between the 
recordings are presented as the standard deviation. Labels as in the figure 2: 
the primary tumors of the patients diagnosed with the embryonal carcinoma of 
the testes (huECT bio) (the patients encoded 001-009), the peripheral blood 
(huPBMC bio), the cultured human embryonic stem cell lines (H1, H13, H14) 
(huESC cc). The statistical significance was accepted at p < 0.001.

DNA            TRA-1-60         SSEA-4

Figure 2: The stem cells biopsied directly from the primary tumors of the 
patients diagnosed with the embryonal carcinoma of the testes (in the figure 
1 for the patient encoded 001) were triple-labeled with the Fvs targeting 
DNA (violet), TRA-1-60 (green), and SSEA-4 (red), which were tested for 
specificity and sensitivity on blots as shown in the figure 1. All the batches for 
every patient were labeled in triplicates. The images presented in the figure 
are representative to all the patients and the controls studied. From each 
batch, the images of ten randomly selected cells were acquired at the three 
acquisition channels without correcting the wavelength induced shift. The 
images were acquired with multiphoton excitation fluorescence. The HFW: 
30µm.
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fractions of cells displaying TRA-1-60 and SSEA-4, as labeled with 
superparamagnetic Fvs, were enriched by magnetic sorting (MACS). 
These enrichment processes included the embryonal carcinoma of the 
testes (Patients encoded 001-009) (huECT bio), the mononuclear cells 
from bone marrow (huBMMC) and from peripheral blood (huPBMC), 
the cultured human embryonic stem cell lines (H1, H13, H14) (huESC 
cc), and the cultured cells from metastasis to lungs of the testicular 
embryonal carcinoma (NT2D1) (huECT cc). Sorting was performed 
in triplicates for each patient and controls. The presented graphs are 
representative to all the runs. The outcomes of sorting were quantified 
by flow cytometry as documented in the figure 3. These fractions’ 
purities were above 99.5%. The signals from the BMM and PBM cells 
were not exceeding background levels. The statistical significance of 
differences between these fractions was accepted at p < 0.001. 

Differences, between the aforementioned pools of the cells, were 
quantified on blots and on the labeled cells with x-ray fluorescence 
as determined by energy dispersive x-ray spectroscopy on field 
emission scanning electron microscopes (EDXS), total reflection x-ray 
fluorescence spectroscopy (TRXRFS), and nuclear magnetic resonance 
spectroscopy (NMRS). The data from NMRS are presented in the figure 
4. The samples were acquired from each patient, labeled, and measured 
in triplicates. The data presented are representative for all the samples 
studied. The relative display was determined based upon calculating the 

ratio between the relaxation times of the patients’ samples versus the 
relaxivity times of the control having the assigned value as 1. Displays 
of TRA-1-60 and SSEA-4 varied on the ECT cells acquired directly 
from the tumors of the patients. These displays were always much 
higher, than on the cultured embryonic stem cells (huESC cc) and on 
the cultured testicular embryonal carcinoma cells (huECT cc). Displays 
on the PBM and BMM cells were not detected above the threshold. The 
statistical significance was accepted at p < 0.001. 

From a potential diagnostic point of view, the TRA-1-60 and 
SSEA-4 displays’ differences, between the cells within the embryonal 
carcinoma of the testes’ tumors (huECT bio) and the healthy tissues 
of the testes acquired by orchiectomy as surgical therapy for prostate 
cancers (huHTT bio), were essential. After the cells’ labeling with 
chelated Fvs, TRA-1-60 and SSEA-4 were quantified by EDXS FESEM, 
TRXRF, and NMRS. The samples acquired from each patient were run 
in triplicates. The data presented are representative for all the samples 
studied. The data acquired by EDXS are illustrated in the figures 5. The 
scintillation counter was set for 10,000 ceiling. Although spermatogonia 
in the HTT displayed these biomarkers, the displays’ intensities were 
quantitatively different. The solid statistical significance between them 
was accepted for p < 0.001.

Transcription and translation of the genes OCT4A, NANOG, and 
SOX2 were demonstrated in the figures 6-11. Transcription factors’ 
labeling was validated in the figure 6. This labeling is very specific, as 
validated by the single bands and clean backgrounds. The intensity of 
labeling indicates much higher concentrations of the transcripts in the 
ECT biopsies, than in the cultured ESC and ECT cells. 

Nuclear localization of the transcription factors, expressed from 
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Figure 6: The cells were homogenized, electrophoresed, transferred on 
membranes, and labeled with the Fvs targeting the transcription factors: 
OCT4A, NANOG, SOX2 in the cells acquired from each patient diagnosed 
with the embryonal carcinoma of the testes (huECT bio) (the patients 
encoded 001-009) versus those from the cultured human embryonic stem cell 
lines (H1, H13, 14) (huESC cc). Each sample was run in triplicate. The blots 
presented in this figure are representative for all the samples and the controls 
run. The blots were quantified with the statistical significance accepted at p 
< 0.001.
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Figure 5: Display of TRA-1-60 and SSEA-4 in the enriched samples of the 
cells acquired from the patients with embryonal carcinomas of the testes 
(ECT), relative to the cells biopsied from the healthy tissue of the testes 
(huHTT bio), was determined by EDXS. Since the Fvs were chelating metal 
ions, then they were generating the energies uniquely specific to the elements. 
Each sample was run in triplicates. The data presented are representative 
to all the samples and the controls. The relative display was quantified by 
comparing the values of the x-rays induced scintillation saturation set at the 
10,000 counts’ ceiling (y-axis). The statistical significance was accepted at 
p < 0.001.
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these genes, was highlighted in the figure 7. All the samples were labeled 
in triplicates. The images presented in the figure are representative to all 
the samples studied. The cells acquired from the primary tumors of the 
patients diagnosed with the embryonal carcinoma of the testes (huECT 
bio) (Patient encoded 001), the cultured human embryonic stem cell 
line (cell line H1) (huESC cc), and the cultured cells from metastasis to 

lungs of the testicular embryonal carcinoma (cell line NT2D1) (huECT 
cc) were labeled with the Fvs. Metal binding domains of these Fvs 
were chelating metals, which rendered them fluorescent, in addition 
to changing their magnetism and mass. The nuclear localization of 
these transcription factors in the human ECT directly from biopsies is 
identical to that of the cultured huECT and huESC cells.

Levels of expression, for each of the transcription factors, were 
quantified by scanning of the blots, EDXRS, TRXRFS, and NMRS. The 
data acquired are documented in the figures 8-10. For each modality, 
every sample was run in triplicates. The data presented are representative 
to all the samples studied. The results are very consistently validating 
much higher levels of gene expression for OCT4A, NANOG, SOX2  in 
the ECT cells biopsied from the patients (huECT bio) than in the cells 
from the cultures of embryonic stem cells (huESC cc).

Transcription intensity for OCT4, NANOG, and SOX2 was also 
determined by quantitative reverse transcribed real time polymerase 
chain reaction (qRTPCR) as documented in the figure 11. The high 
concentrations of these transcripts indicated the high pluripotency of 
these cells. The levels of transcripts, for these genes, were much higher 
in the biopsied embryonal carcinoma cells of the testes, than in the 
cultured embryonic stem cells.
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Figure 9: NANOG gene expression products’ concentrations were determined 
as described in the figure 10.
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Figure 10: SOX2 gene expression products’ concentrations were determined 
as described in the figure 10.
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Figure 8: OCT4A gene expression products’ concentrations in the cells 
biopsied directly from the primary tumors of the patients diagnosed with the 
embryonal carcinoma of the testes (huECT bio) (the patients encoded 001-
009), from peripheral blood (huPBMC), the cultured human embryonic stem 
cell lines (H1, H13, H14) (huESC cc) were quantified on blots described in 
the figure 6, normalized against actin, compared to the averaged values of 
huESC cc, which were considered as 1, as displayed as the ratio (y-axis). 
Each batch was run in triplicates. The data presented in this figure are 
representative to all the patients’ samples and the controls. The differences 
between the samples are shown as the standard deviations. The statistical 
significance was accepted at p < 0.001. 
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Figure 7: The stem cells biopsied directly from the primary tumors of the 
patients diagnosed with the embryonal carcinoma of the testes (the patients 
encoded 001-009), the cultured human embryonic stem cell lines (H1, 
H13, H14) (huESC cc), and the cultured cells from metastasis to lungs of 
the testicular embryonal carcinoma (NT2D1) (huECT cc) were heavily 
saponin-permeabilized and triple-labeled with the Fvs targeting OCT4A - 
red, NANOG - green, and SOX2 – yellow. Specificity and sensitivity of the 
Fvs were validated on the blots as shown in the figure 6. All the batches 
for every patient were labeled in triplicates. From each batch, the images of 
ten randomly selected fields of view were acquired via the three acquisition 
channels without correcting the wavelength induced shift. The images were 
acquired with multiphoton excitation fluorescence. The images presented in 
the figure were acquired from the primary tumors of the patient (huECT bio) 
(Patient encoded 001), the cultured human embryonic stem cell line – cell 
line H1 (huESC cc), and the cultured cells from metastasis to lungs of the 
testicular embryonal carcinoma – cell line NT2D1 (huECT cc). The images 
presented in the figure are representative to all the patients and the controls 
studied. The HFW: 200µm.
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Formation of the embryoid bodies and differentiation into the three 
main germ layers were the direct demonstrations of the pluripotency 
of the cells in the ECT tumors as summarized in the figure 12. As the 
means to determine pluripotency, the test was conducted for the cells 
acquired from the primary tumors of the patients diagnosed with the 
embryonal carcinoma of the testes (huECT bio) (Patients encoded 001-
009 as A-I respectively) and the cultured human embryonic stem cell 
lines H1, H13  (huESC cc – J-K).

Discussion
Novelty of this work relies on identification directly in the pure, 

primary embryonal carcinomas of the testes, the clones of living, 
pluripotent stem cells with the surface display of SSEA-4 and TRA-1-60. 
Pluripotency of these cells was confirmed by quantifying transcription 
and translation of the genes for the transcription factors controlling 
pluripotency, growing embryoid bodies from these cells, and their 
differentiation into three main germ layers. The main accomplishment 
of this work was revealing these pluripotency profiles in the cells 
acquired directly from the primary tumors. Before this work, the data 
concerned with the cell surface displayed biomarkers of pluripotent 
cells were studied on: cell cultures and fixed tissues. However, the 
biomarkers’ display is critically dependent on the environment, in 
which these cells are growing. For example, it was determined early 
on, that the cells in cultures change their molecular display profiles 
depending on the conditions including cell density, levels of oxygen, 
feeder layers, etc. Moreover, these cells radically change their surface 
display profiles in vitro and in vivo. Furthermore, the human stem 
cells have entirely different cell surface profiles than other species. For 
these reasons, all cultures of pluripotent stem cell lines need validation 
through revealing pluripotent cells’ gene products and transcripts, 
formation of embryoid bodies, differentiating in vitro into three germ 
layers. On the other hand, processing of tissues, for histopathology 
and immunohistochemistry, changes their antigenicity. Therefore, 
the results of the works on fixed tissues may not be applicable for 

streamlining in personalized diagnosis and therapy, but rather require 
validation on the directly biopsied living cells, as we have done herein.

Meanwhile, targeting contrast agents for molecular imaging in 
vivo, in situ of specific cancer cells and cancer stem cells, are not yet 
available. In this project, we determined the display intensity profiles 
on the living, pluripotent cancer cells, using superparamagnetic and 
fluorescent, genetically engineered Fvs, which allowed us to determine 
the gene expression products on living cells, while using modern 
technologies of EDXS, TRXFS, and NMRS. Our protocols, which utilize 
genetically bioengineered biotags targeting cancer specific biomarkers 
on living cells, are applicable for newest technologies of non-invasive in 
vitro diagnosis. These include TRXRFS, EDXS, and NMRS. However, 
the superparamagnetic and fluorescent properties of our Fvs tested in 
vitro; open the routes for minimally invasive diagnoses in vivo, while 
using these Fvs as the targeted contrast agents. Therefore, from the 
point of view of diagnostic accuracy and expedience of the diagnostic 
processes, the approach, which we promote in this study, probing 
living cells acquired directly from the tumor, is far more reliable for 
streamlining into clinical trials. We did not show in vivo images yet, but 
we did show specificity and sensitivity of these genetically engineered 
Fvs. Specifically, we demonstrated significant increase in relaxivity 
induced by the superparamagnetic Fvs in NMRS. For imaging purposes 
in vivo, it translates into an effective targeted contrast agent for MRI. 
We also demonstrated their ability to fluoresce. For imaging purposes, 
it translates into the in vivo imaging fluorescence opportunities, while 
considering options for deconvolution of the signal due to scattering 
and absorption by tissues. Specifically, we also demonstrated emission 
of the element specific energy. For imaging, it is applicable for the 
x-ray based imaging modalities. These novel molecular biology 
approaches promoted quantification of the data without radioactive 
or toxic compounds. Moreover, by bioengineering the probes specific 
for pluripotent stem cells, we created the foundation for molecular 
imaging of cancer and pluripotent stem cells in vivo.    

The cells studied herein were enriched by selection for the 
pluripotency biomarkers displayed on surfaces of the living cells. 
Thereafter, these selected cells were characterized. The tumors consist 
of very heterogeneous populations of cells. It is also the case with the 
germ cells tumors of the testes. While embryonal carcinomas in their 
pure forms constitute only 20% of the tumors, almost 80% of all the 
tumors of the testes contain admixes of embryonal carcinoma cells. 
In those populations, only approximately 2% are SSEA-5+, which are 
particularly capable for developing teratomas and their separation 
reduces that risk. In general, the aforementioned clones of cells have very 
different characteristics. This is reflected in the diagnostic pathology, 
when the percentage of the embryonal carcinoma cells, contributing to 
the total tumor mass, serves for diagnosis of malignancy and prognosis 
of progression. An attempt to address this problem is laser assisted 
tissue dissection. It facilitates conducting molecular analysis on a 
more selective manner, i.e., on the tumor sections’ selected areas of 
the fixed and embedded or frozen tissues. Although due to processing, 
molecules, in those fixed tissues, come in an altered form anyway. To 
address these problems, we and others promote diagnostic works on the 
spectra of single, isolated living cells. This approach allows us to create 
a composite image of the clones propelling the tumor expansion. This 
approach serves as the foundation for crafting personalized therapy. 

Similarities of the gene expression profiles of the cultured cells in 
the testicular embryonal carcinoma lines derived from the cultured 
metastases of the testicular teratomas to the lungs, the cultured cells 
from the human embryonic stem cell lines derived from the inner 
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Figure 11: OCT4A, NANOG, and SOX2 genes transcripts’ concentrations 
were determined by qRTPCR in the primary tumors of the patients diagnosed 
with the embryonal carcinoma of the testes (huECT bio) (the patients 
encoded 001-009), the cultured human embryonic stem cell lines (H1, H13, 
H14) (huESC cc), and the mononuclear cells from bone marrow (huBMMC) 
(below the detection threshold – not shown). The read-outs were calculated 
in relation to actin (y-axis). The statistical significance was accepted at p< 
0.001.
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mass of blastocysts, the spermatogonia of the normal testes, the cells 
acquired directly from the primary tumor of the human embryonal 
carcinoma of the ovaries, with the profiles of the primary embryonal 
carcinomas of the testes revealed herein, indicate that these neoplasms 
originate from the cells corresponding to those, which are at the early 
stages of differentiation. They are also known as tumor initiating cells 
(TICs) [56,66-71,90,91]. This has important clinical consequences. 
Stem cells exhibited resistance to radiotherapy [114-115]. Therefore, 
these cells present in the mixed tumors may survive therapy and 
become the sources of relapses. Moreover, radiation therapy may 
induce reprogramming of the cells, while leading to generation of more 
malignant cancers [116-117]. Nonseminomatous testicular germ cell 
tumors (NSGCTs), including embryonal carcinomas, were sensitive 
to cisplatin based chemotherapy [42-46,118]. However, in some cases, 
they develop resistance [119-121]. One of the mechanisms is loss of 
expression of OCT4 transcription factor [121]. This change may drive 
the relapses. Therefore, from the clinical point of view, identification 
and isolation of pluripotent stem cells, followed by characterization 
of their functional properties may help in improving effectiveness of 
therapy.

Conclusion
In the pure embryonal carcinomas of the testes, acquired directly 

from the patients, we identified, isolated with high viability and 
selectivity, and profiled the clones of the pluripotent stem cells. These 
results may help in explaining therapy-resistance and relapses of these 
neoplasms, as well as, in designing targeted, personalized therapy.  
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