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Abstract
NELF, a protein identified in migratory GnRH neurons, is predominantly nuclear and alternatively
spliced. However, specific NELF splice variants expressed in immortalized GnRH neuronal cell
lines from mouse and human are not known. RNA from migratory (GN11 and NLT) and
postmigratory (GT1-7) cells in mouse, and (FNCB4-hTERT) cells in human was subjected to RT-
PCR. RT-PCR products were cloned, electrophoresed on denaturing gradient gels and sequenced.
In addition, quantitative RT-PCR was performed using variant-specific primers. Western blot and
immunofluorescence using confocal microscopy were performed for selected variants. Nelf variant
2 (v2), which contains a nuclear localization signal (NLS), was the predominant variant in all
mouse and human GnRH neurons. Variants without a NLS (v3 in mouse; v4 in human) were
identified. In mouse, v2 protein expression was nuclear, while v3 was non-nuclear. In mouse
GnRH neurons, six Nelf splice variant transcripts were identified, including three previously
unreported variants. In human, four NELF variant transcripts were observed. In both mouse and
human, nuclear and non-nuclear variant transcript and protein were identified, explaining variable
NELF cellular localization.

Keywords
Nasal embryonic LHRH factor (NELF); GnRH neurons; NLT cells; GT1-7 cells; GN11 cells;
hypogonadotropic hypogonadism; NSMF

© 2013 Elsevier Ireland Ltd. All rights reserved

Address correspondence to Lawrence C. Layman, CA2041, IMMAG, Georgia Regents University, 1120 15th Street, Augusta, GA
30912, USA. Phone: (706) 721-7591; Fax: (706) 721-0340; lalayman@gru.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Disclosure: The authors have nothing to disclose.

NIH Public Access
Author Manuscript
Mol Cell Endocrinol. Author manuscript; available in PMC 2015 March 05.

Published in final edited form as:
Mol Cell Endocrinol. 2014 March 5; 383(0): 32–37. doi:10.1016/j.mce.2013.11.020.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Introduction
A critical factor in the development and maturation of the hypothalamic-pituitary-gonadal
(HPG) axis is the proper migration of GnRH neurons. GnRH neurons arise from the
olfactory placode region where they migrate to the hypothalamus and send projections to the
median eminence (Schwanzel-Fukuda et al. 1996; Wierman et al. 2004). Many factors or
molecules act as guidance cues for proper migration of GnRH neurons (Wray 2010).
Impairment of GnRH function results in human disease. When GnRH expression, secretion,
and/or action are perturbed, delayed puberty due to idiopathic hypogonadotropic
hypogonadism occurs (IHH). Since sense of smell is normal in this situation, it is often
termed normosmic hypogonadotropic hypogonadism (nHH). Kallmann Syndrome (KS) is
due to the failure of migration of GnRH and olfactory neurons and results in a phenotype
combining both IHH and anosmia (Bhagavath et al. 2006).

Mutations in key genes account for ~40% of IHH/KS in patients (Layman 2013). These
mutations affect the development, migration, pulsatile release/secretion and signaling of
GnRH neurons. Identified genes with mutations include KAL1, NR0B1, GNRHR, FGFR1,
KISS1R, TACR3, TAC3, FGF8, CHD7, PROKR2, PROK2, GNRH1, NELF, WDR11,
PCSK1, LEP, and LEPR (Layman 2013). Recently, mutations in HS6ST1 and SEMA3A have
been identified in nHH/KS patients (Tornberg et al. 2011; Hanchate et al. 2012), as have
mutations in additional genes (Miraoui et al. 2013; Pingault et al. 2013). The inheritance of
nHH/KS may be X-linked recessive, autosomal dominant, autosomal recessive, sporadic or
digenic/oligogenic in a small proportion of patients (Sykiotis et al. 2010; Quaynor et al.
2011).

Knockdown of the nHH/KS gene nasal embryonic LHRH factor (NELF), which is also
known as NMDA receptor synaptonuclear signaling and neuronal migration factor (NSMF),
has been shown to impair GnRH neuron migration in vitro (Palevitch et al. 2009; Xu et al.
2010), but the mechanism by which this occurs is not well understood. This gene was
differentially isolated from migratory GnRH neurons and found to be expressed ubiquitously
in the brain but most prominently in the cortex (Kramer et al. 2000). Similarly, the rat
ortholog, known as the Jacob protein and 98% identical in protein sequence, is most highly
expressed in the cortex and the hippocampus (Mikhaylova et al. 2013). NELF is
predominantly a nuclear protein in rats, as the majority of this protein is found in the nucleus
and around the nuclear membrane (Dieterich et al. 2008; Mikhaylova et al. 2013).
Immunofluorescence studies have confirmed the same location in mice (Xu et al. 2010) ,
although NELF has also been found in extra-nuclear areas of mouse cells such as the
cytoplasm and plasma membrane (Kramer and Wray 2000; Kramer et al. 2001; Palevitch et
al. 2009). Studies from our laboratory in which immortalized GnRH neurons were
transfected with NELF knockdown constructs showed markedly impaired GnRH neuronal
migration (Xu et al. 2010). In addition, Nelf knockdown in zebrafish demonstrated that
GnRH neurons are directed to locations outside the forebrain (Palevitch et al. 2009).

Human NELF gene structure and a rare missense variant of undetermined significance were
first reported in 2004 (Miura et al. 2004). Functional NELF mutations have been identified
in IHH/KS patients (Pitteloud et al. 2007; Xu et al. 2011). However, since very few
monogenic human NELF mutations have been identified, the exact inheritance pattern is yet
to be defined. At least one patient has been reported to have biallelic, compound
heterozygous NELF mutations (Xu et al. 2011) while heterozygous mutations are often
accompanied by a mutation in a second gene (Pitteloud et al. 2007; Quaynor et al. 2011)
Molecular features of NELF, such as its binding and interacting partners, its release, and
signaling are yet to be discovered. Since NELF possesses a nuclear localization signal
(NLS) and its three-dimensional structure contains a putative zinc finger domain, it is likely
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that NELF is a transcriptional factor (Xu et al. 2010). There is also evidence that the rat
ortholog is involved in NMDA signaling in the brain (Dieterich et al. 2008; Mikhaylova et
al. 2013).

Currently, five NELF variants have been included in the National Center for Biotechnology
Information (NCBI) database for both mouse and human, but which ones are actually
expressed in GnRH neurons are not known. Because GnRH neurons are few in number and
are scattered throughout the brain, immortalized GnRH neuronal cell lines have been
generated from transgenic mice that may be migratory (GN11 and NLT)(Radovick et al.
1991) or postmigratory (GT1-7) (Mellon et al. 1990). In 2010, Xu et al. observed that Nelf
mRNA expression was not different in migratory vs. postmigratory immortalized GnRH
neuronal cell lines, but NELF protein was more highly expressed in migratory cells (Xu et
al. 2010). In addition, mouse and rat NELF orthologs exhibited several bands by western
blot analysis, suggesting the presence of multiple variants (Dieterich et al. 2008; Xu et al.
2010; Mikhaylova et al. 2013). We therefore hypothesized that the mRNA/protein
discordance and protein expression patterns could be due to variable expression of different
splice variants of NELF. We also hypothesized that cellular localization of NELF in the
nucleus or cytoplasm could be due to expression of a translated variant either containing or
lacking the NLS. The purpose of the present study was to determine which NELF splice
variants were present in immortalized migratory (NLT and GN11) and post-migratory
(GT1-7) mouse GnRH neurons and FNCB4-hTERT GnRH neuronal cell lines in humans, as
well as determining the subcellular localization of the most frequent splice variants.

Materials and Methods
NELF Primer Design for Colony PCR

The putative human and mouse NELF variant sequences were obtained by searching the
mouse genome databases available at UCSC Genome Browser. Using the provided
reference sequences, five mouse Nelf variants (Table 1A) and five human NELF variants
(Table 1B) were identified in silico. Primers were designed to selectively amplify variant-
specific regions of mouse Nelf and human NELF using Oligo 6.0 or Primer 3 software
(Figure S1). These primers flanked the variable regions of each variant such that each could
be specifically differentiated except v2 vs. v4. Therefore to differentiate v2 vs. v4, a pair of
primers was designed to flank the v4-specific sequence (Figure S2). However, this primer
set will also amplify the other variants in addition to v4, but the frequency of v4 was able to
be determined.

RT-PCR and Cloning
Immortalized GnRH neuronal cells NLT(Radovick et al. 1991), GN11(Radovick et al.
1991), and GT1-7 (Mellon et al. 1990) in mouse and FNCB4-hTERT (Vannelli et al. 1995)
in human were cultured as described previously. GnRH neuronal cells were kindly provided
by Sally Radovick (GN11 and NLT), Pamela Mellon (GT1-7), and Soo-Hyun Kim (FNCB4-
hTERT). RNA from each of the four neuronal cell lines was extracted using TRI ®Reagent.
Reverse-transcription Polymerase Chain Reaction (RT-PCR) was performed with 100ng of
RNA from each of the four cell lines using SuperScript™ III One-Step RT-PCR with
Platinum®Taq. Negative controls (no RNA or no RT) were used to rule out contamination.
RT-PCR products were confirmed by agarose gel electrophoresis, and then cloned into Top
10F’ cells using the Invitrogen pCR 2.1 TOPO TA cloning vector, and incubated at 37° C.
After 18 hours, 20-40 single colonies with the correct insert were randomly picked per LB-
ampicillin plate using Xgal. The selected colonies were then screened for inserts by PCR
and analyzed by agarose gel electrophoresis for the correct size bands.
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Denaturing Gradient Gel Electrophoresis and Sanger Sequencing
Confirmed colony PCR products were subjected to denaturing gradient gel electrophoresis
(DGGE), as described previously (Layman et al. 1997), to determine the variant present in
each colony. Variants were then confirmed by DNA sequencing. Briefly, the PCR products
were purified by ethanol precipitation and sequenced using the BigDye Terminator v1.1
Cycle Sequencing Kit (Applied Biosystems, Foster City, CA). Purified sequencing reactions
were run on an ABI 310 automated DNA sequencer and analyzed using BLAST (NCBI,
Bethesda MD).

Plasmid Constructs for Nelf Variant 2 and 3
To clone full length mouse Nelf variants 2 and 3, HindIII and Csp45 I restriction recognition
sites were added to both forward and reverse Nelf primers, respectively. The KOZAK
sequence before the start codon was also added to facilitate translation (Kozak 1987). Total
mRNA was extracted from NLT cells and converted to cDNA using SuperScript™ III First
Strand cDNA synthesis kit (Invitrogen; Carlsbad, CA). This was followed by PCR using
Platinum®Taq, and the resulting product was transformed into Top10’F competent cells.
Colonies were screened and confirmed by DNA sequencing. Correct inserts were then
identified after digestion with appropriate enzymes and ligated into pcDNA 3.1(+) myc-his,
which were transiently transfected into NLT cells by lipofection.

Immunoblotting and immunofluorescence experiments were performed to confirm the size
and the location of the cloned mouse NELF variants using c-Myc antibody [c-Myc.A7
(sc-56634)] from Santa Cruz Biotechnology Inc., Dallas, TX as described previously (Xu et
al. 2010). For immunofluorescence, TO-PRO®-3 Iodide from Life Technologies (Grand
Island, New York) was used for nuclear staining. NLT cells were viewed using laser-scan-
confocal microscopy (Zeiss Axiovert LSM 510, Carl Zeiss, Jena, Germany). For v2 and v3
protein expression, random fields were selected from cells transfected with each variant and
scored by two different observers. NLT cells were quantitated according to the number of
cells for which there was greater nuclear than cytoplasmic expression (N>C) vs. cytoplasmic
greater than nuclear (C>N) expression.

RT-qPCR
First strand cDNA was synthesized using 1000ng of RNA from each of the three mouse cell
lines according to the directions from High Capacity cDNA Reverse Transcription Kits
(Applied Biosystems, Foster City, CA). RT-qPCR was performed three times in triplicate
using 10ng of this cDNA using variant-specific primers to detect variants 1-5 (primer
sequence is shown in Supplemental Table 1). The reaction was performed using GeneRead
qPCR SYBR Green Mastermix (QIAGEN, Valencia, CA) and run on an Applied
Biosystems 7300 Real-time PCR System (Life Technologies, Carlsbad, CA). The relative
expression of the different Nelf variants in migratory and post migratory cell lines was
normalized to v1 after normalization to β-actin (Actb).

Statistical Analysis
The prevalence of the most common splice variant in the three mouse cell lines, as well as
the proportion of cells with N>C expression vs. C>N protein expression, was compared
using chi square analysis.

Results
The RT-PCR product fragment size did not differ by agarose gel electrophoresis for any of
the variants (data not shown). By colony PCR, a total of 906 clones using the initial primer
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set for mouse and 308 clones for human were analyzed. DNA from individual colonies
picked from each plate after transformation did not show any size difference on agarose gel
electrophoresis. However, NELF variants could be differentiated by DGGE of the PCR
products from individual colonies because of differences in melting temperatures, which
were then confirmed by DNA sequencing. NELF variants are shown for each of the three
mouse (GN11, GT1-7 and NLT) and the single human (FNCB4-hTERT) GnRH cell lines
(Figure 1).

We confirmed three of the five variants (v1-3) in the UCSC database for mouse Nelf, but did
not identify v4 or v5 in 906 clones. Although our initial primers could not differentiate v2
from v4 (because the sequence of this region was identical), no v4 was seen in any
additional clones using primers that could differentiate v4 vs. all others: 0/90 clones in NLT;
0/83 in GN11; and 0/89 in GT1-7 cells. This finding makes it very unlikely that v4 is
expressed in mouse GnRH neuronal cells. Three previously unreported variants included v6
and v7, both of which had an insertion of intron 4 (v6 with 295 nucleotides and v7 with 82
nucleotides); and v8, which had an insertion of 34 bases from intron 5 (Table 1). Although
these three previously unreported variants contained additional nucleotides, they were all
predicted to be translated by in silico analysis (Figure 1).

Colony PCR findings from this study indicate that v2 is the most common (Table 2) variant
in all three mouse cell lines regardless of migratory (GN11 and NLT) vs. postmigratory
(GT1-7) status. There was no difference in the percentage of v2 in these three cell lines—
72.1% in NLT, 73.8% in GN11, and 76.9% in GT1-7 cells. All the other variants in mouse
cell lines were uncommon, ranging between 1.4%-7.8% (Table 2). Of interest, the v3
transcript was expressed in all three mouse cell lines. Since this splice variant lacks the
sequence for the NLS, it could explain the finding of NELF protein localized outside of the
nucleus.

In addition to colony PCR, RT-qPCR was performed using splice variant-specific primers
for v1-v5. Only v1-v3 were observed, and each was confirmed by DNA sequencing.
Initially, v2 and v4 were seen in all three mouse cell lines, but upon DNA sequencing, only
v2 was observed (no v4 transcripts were identified) indicating that v4 primers could amplify
v2 (data not shown). Therefore, similar to colony PCR, v2 was the most common variant,
and no v4 was seen. In addition, a small amount of v5 was observed by RT-qPCR, but upon
DNA sequencing, v5 was not found (v2 was present). Therefore, colony PCR of cloned RT-
PCR products and RT-qPCR yielded similar findings.

To determine protein expression and cellular localization, mouse v2 and v3 were cloned into
pcDNA 3.1(+) myc-his and transfected into NLT cells. Proteins for both variants were
expressed and analyzed by immunoblotting and immunofluorescence using the anti-Myc
antibody. In NLT whole cell lysates, both v2 and v3 were expressed (Figure 2). Using
confocal microscopy, 117 /130 (90%) of NLT cells transfected with v2 had principally
nuclear localization, compared to 1/134 (0.7%) of v3 (Figure 3) (P<0.0001).

In human GnRH neuronal cells, we confirmed four of the five predicted human NELF
variants from FNCB4-hTERT cells (v1-4). Similar to the mouse, the corresponding v5 was
not observed in 308 clones from human GnRH neurons (Table 1). As in the mouse, v2 was
by far the most common variant in human FNCB4-hTERT cells being found in 66.6% of
clones, but in contrast to mouse, v4 was not only identified, it was the second most common
variant at 18.2% in human GnRH cells. However, v4 in the human corresponds to v3 in the
mouse since both variants lack sequences encoding the NLS.
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Discussion
In this study, five Nelf splice variants (v1-v5) in mouse were predicted in silico, but we
identified six variant transcripts (v1-3, v6-v8). Of the six identified in mouse, three variants
were previously unreported. Variant 2 was the predominant one expressed in all mouse cell
lines whether or not they were migratory (GN11 and NLT) or postmigratory (GT1-7) cells.
Variant 2 only differs from v1 by the absence of six nucleotides within exon 5 in v2 such
that it is 530 amino acids rather than 532. The expression of the other variants in mouse
GnRH neurons was much lower and ranged from 1.4%-7.8%. Interestingly, neither
predicted v4 nor v5 was found in any of the mouse GnRH neuronal cells.

Since v2 is the most common variant and is found in both migratory and postmigratory
mouse GnRH neurons, it seems unlikely that this variant is only important for GnRH neuron
migration. Variant 3 is expressed in mouse GnRH neurons, and this is the only one
identified in mouse that lacks the NLS, encoded by the amino acid sequence RRKR. We
hypothesized that migratory GnRH neurons would have a different Nelf variant expression
profile compared to postmigratory neurons, but this was not observed. In previous studies of
NELF knockdown, miRNA or morpholino targeted sequences were common to all splice
variants so differential effects of splice variants could not be determined (Palevitch et al.
2009; Xu et al. 2010).

In addition to demonstrating mRNA expression in mouse GnRH neurons, we also showed
that mouse v2 and v3 protein is expressed when cloned into a mammalian expression vector
and transfected into migratory GnRH neurons. However since v3 lacked the nuclear
localization signal, it was expressed at extranuclear sites in contrast to v2, which was
principally expressed in the nucleus. This explains previous findings from other studies that
NELF is predominantly expressed in the nucleus, but has also been aligned along the cell
membrane and cytosol (Kramer and Wray 2001; Xu et al. 2010). Although we have
localized v2 and v3 in immortalized GnRH neurons, the differential and temporal expression
patterns and how these translate into function are not known in the living mouse. In rat,
splice variants of the Jacob protein have also been characterized, with and without the NLS,
as in the mouse (Kindler et al. 2009). Variants 1 and 2 in both the mouse and rat are 532 and
530 amino acids, respectively.

We were not able to identify v4 in any of the three immortalized mouse GnRH neuronal cell
lines. However, three novel variant (v6-v8) transcripts were present in migratory and
postmigratory GnRH cells in similar frequencies. Variants 6 and 7 differ by the insertion of
intron 4 sequences, while v8 contains intron 5 sequences. Utilizing GENE Runner Software
3.05, v6-8 are predicted to be translated, but this will require further studies to determine if
these proteins are expressed in GnRH neurons. Variants 6-8 are unlikely to be artifacts of
cloning because they were identified all three mouse cell lines and in at least five clones.

In human, five NELF splice variants (v1-v5) were predicted in silico, but we identified four
variants (v1-v4) in FNCB4-hTERT cells. FNCB4-hTERT cells were isolated and cloned
from human fetal olfactory neuroepithelium and express both neuronal and olfactory
markers (Vannelli et al. 1995). In addition, these cells were also shown to express GnRH
and its receptor, providing evidence that they are migratory embryonic GnRH olfactory
neuroblasts (Romanelli et al. 2004). Similar to mouse, v2 was also the dominant variant,
occurring in 66.6% of colonies screened, while the percentage expression of the other
variants ranged from 5%-19% (Table 2). Human v4 is similar to mouse v3 in that it lacks
exons 5 and 6, which encode the NLS. Variant 5, which was not identified in human or
mouse, lacks exon 8, suggesting that sequences encoded by this exon may have important
functions in GnRH neurons.
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In conclusion, we have identified six mouse Nelf splice variant transcripts, of which three
were previously undescribed, and four human NELF splice variants in immortalized GnRH
neuronal cell lines. In both mouse and human, nuclear-expressed v2 is the predominant
splice variant expressed, while the others are all less common. However, non-nuclear v3
(mouse) and v4 (human) lack an NLS. In humans this non-nuclear variant is the second most
common variant approximating 20% of clones. Importantly, both the nuclear v2 and the
non-nuclear v3 proteins are also expressed following transfection in NLT cells suggesting
they have biological importance in GnRH neurons. Endogenous expression of these splice
variants could account for the previous mRNA/protein discordance and bands of different
molecular weights observed by western blot analysis (Xu et al. 2010). This characterization
of the major NELF splice variants should pave the way for future studies to characterize the
exact function of each splice variant and NELF’s signaling mechanism(s).

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Highlights

The molecular basis is known for~35-40% of hypogonadotropic hypogonadism and 15%
of hypergonadotropic hypogonadism in women

For endometriosis, polycystic ovary syndrome, and leiomyomata, no causative gene has
been identified

Genetic testing can be used for clinical diagnosis in hypogonadism and in spontaneous
ovarian hyperstimulation syndrome

Clinical genetic testing is not practical for endometriosis, polycystic ovary syndrome, and
leiomyomata.
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Figure 1.
(A) Denaturing gradient gel results are shown for three mouse (GN11, NLT, and GT1-7)
and human (FNCB4-hTERT) cells. Findings are shown for clones for each cell line; and the
number below each lane indicates the variant identification (v1-3 and v6-8 for mouse; and
v1-v4 for human).
(B) Predicted protein size is shown for mouse variants. Although predicted for v4 and v5, no
mRNA expression was observed for these variants. Only v2 and v3 have confirmed protein
expression (the others are predicted).
(C) Predicted protein size is shown for human variants.
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Figure 2.
Immunoblot analysis of mouse Nelf v2 and v3, which were cloned into mammalian
expression vectors, transfected into NLT cells, and analyzed for exogenous NELF protein.
The size for v2 is 63kDa, while v3 is 61kDa. Controls are shown as NLT Lys with no
transfection (NLT Lysate) and EV (Empty Vector).
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Figure 3.
Localization of mouse v2 (nucleus) and v3 (non-nuclear) by immunofluorescence using
confocal microscopy. In (A), 130 NLT cells transfected with v2 and 134 cells transfected
with v3 were quantified as being predominantly nuclear (N>C) or predominantly
cytoplasmic (C>N). N = nuclear; C = cytoplasmic. Low 10X power views of v2 (B) and v3
(B) demonstrate cellular distribution. In addition, high power (40X) images of v2 (D) and v3
(E) are shown with c-Myc expression (indicating NELF), nuclear expression (TO-PRO-3),
and merged images.
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Mouse Nelf variant classification

Variant# Exon 5* Exon 6* Intron*
inserted

# bp
inserted

Ansino
Aeldx RefSeq#

1 + + − − 532 N3M_00103986

2 − + − − 530 NM_001039387

3 − − − − 509 NM_020276

4 − + − − 527 NM_001177654

5 − + − − 500 NM_001177655

6 + + 4 295 352

7 + + 4 92 240

8 + + 5 34 243

The variants in red are the novel variants identified and sequenced.

V4 has 9 additional nucleotides deleted (from exon 15) compared with V2.

V5 has exon 8 deleted.

*
Compared to Variant 1(NM_001039386): + and − indicate sequence if is present or absent
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Human Nelf variant classification

Variant # Exon 5* Exon 6* Exon 8* AA RefSeq#

1 + + + 530 NM_001130969

2 − + + 528 NM_015537

3 + − + 507 NM_001130970

4 − − + 505 NM_001130971

5 + + − 500 NM_001178064

*
Compared to Variant 1(NM_001130969)
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Mouse Nelf variant from colony PCR in percent (the number of clones is shown in parentheses)

Cell type V1 V2 V3 V4 V5 V6 V7 V8 Total

5% 72.1% 7.4% 6.6% 1.9% 6.9%

NLT* (13) (186) (19) 0 0 (17) (5) (18) 258

5.6% 73.8% 5.6% 5.3% 6.6% 1.6%

GN11* (17) (222) (16) 0 0 (21) (20) (5) 301

7.8% 76.9% 4.6% 4.3% 1.4% 4.9%

GT1-7** (27) (267) (16) 0 0 (15) (5) (17) 347

Total 57 675 51 0 0 53 30 40 906

*
Migratory cells are GN11 and NLT cells.

**
Post-migratory cells are Gt1-7 cells.
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Human Nelf variants from colony PCR in percent (the number of clones is shown in parentheses)

FNCB4-hTERTcells V1 V2 V3 V4 V5 Total

5.2%(16) 66.6%(205) 10%(31) 18.2%(56) 0 308
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