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a b s t r a c t

ESRG (embryonic stem cell related gene, also known as HESRG), is a novel human gene first cloned and
identified by our group with microarray analysis. Interestingly, it is expressed specifically in undifferen-
tiated human embryonic stem cells (hESCs), while its expression pattern and its role in hESCs remain
unclear. Here, full-length 3151nt ESRG cDNA was further identified by RNA ligase mediated rapid ampli-
fication of cDNA ends (RLM-RACE) technique. Meanwhile, an alternatively splicing ESRG transcript (ESRG-
B) of 2837nt in length was also found. Surprisingly, bioinformatics analyses showed that the open reading
frames (ORFs) of ESRG and ESRG-B were identical. Both of them consist of 669nt and encode a 222aa pro-
tein with a predicted molecular size of 24 kDa. The ESRG protein was located in the nuclei of hESCs as
demonstrated by immunocytochemical staining and Western blotting using ESRG specific antibody gen-
erated by us. In contrast, ESRG located in the cytoplasm of COS7 cells when it was forced to be expressed
in these cells by gene transfection strategy, suggesting there may be some special proteins present only in
hESCs which can help ESRG protein transport into the nuclei of hESCs. By spatial expression analysis, we
further discovered that ESRG only expressed in the ovary tissue and hESCs instead of other tissues or cell
lines. Our current data provide us with an important basis for conducting further studies on the functions
and regulatory mechanisms underlying the role of ESRG in hESCs.

� 2013 Elsevier Inc. All rights reserved.
1. Introduction

Embryonic stem cells (ESCs) are pluripotent stem cells derived
from the inner cell mass of a pre-implantation blastocyst, an
early-stage embryo. ESCs can be induced to differentiate into differ-
ent cell lineages in vitro [1]. Thus, it provides us an experimentally
tractable in vitro system to understand the molecular programs that
control the earliest steps of lineage specification and maintenance
of pluripotency. Oct4, Sox2, and Nanog are often described as the
core set of transcription factors necessary for maintaining the pluri-
potency of ESCs [2]. However, not all the genes related to the pluri-
potency of ESCs have been discovered [3,4].

ESRG, a novel human embryonic stem cell related gene, is lo-
cated at chromosome 3p14.3 and composed of four exons and
three introns with a full-length mRNA of 3151 nucleotides (nt). It
only expressed in undifferentiated hESCs but not in their differen-
tiated ones [5]. Presumably, it may play an important role in the
maintenance of self-renewal or pluripotency of hESCs, possibly
ll rights reserved.
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through involvement in the core regulatory network consisting of
Oct4, Sox2, Nanog, etc. Bioinformatics analysis shows that ESRG
gene may contain an open reading frame (ORF) comprising 669nt
with a CTG initiation codon at 2–4nt and a stop codon at 668–
670nt, and encode a 24 kDa protein containing 222 amino acid
(aa) residues. It is predicted to be located in the nuclei. In this re-
port, we used expression strategy to identify the ORF and subcellu-
lar localization of ESRG. Meanwhile, we detected ESRG expression
in various tissues to profile its spatial expression pattern. As far
as we know, this is the first report to show the ORF and subcellular
localization of ESRG, and our current data provides us with an
important basis for conducting further studies on the special role
of ESRG in hESCs and the underlying molecular mechanisms.
1.1. Cell culture

Human ES cells (H9 and H1 cell lines) were from WiCell Re-
search Institute (Madison, WI, USA) and cell culture was performed
as described previously [6,7]. Briefly, hESCs were cultured on mito-
mycin-C treated mouse embryonic fibroblast (MEF) feeder layer in
DMEM/F12 medium (Invitrogen, USA) supplemented with 20%
knockout serum replacement (KSR) (a serum-free formulation)
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Table 1
Primers used in this study.

Primer name Primer sequence (50 to 30)

RACE-PCR primers
50-GSP TAGTGAGGGAGGTTGGAGAACAGAGTA
GeneRacer

50primer
CGACTGGAGCACGAGGACACTGA

30-GSP AAGCAGTGGTATCAACGCAGAGT
UPM ctaatacgactcactatagggcAAGCAGTGGTATCAACGCAGAGT

ORF cloning primers
ORF sense CTGACTCTCTTTTCGGACTCAG
ORF antisense TGAAAATAAGCGATTGGGGGGTT

Gene-specific primers for RT-PCR
GAPDH forward CTTTGGTATCGTGGAAGGACTC
GAPDH reverse CTCTTCCTCTTGTGCTCTTGCT
ESRG forward ATGAAAGGGAAGACATACAA
ESRG reverse TGAACATAGCAAGGGAAA
ESRG-B forward TGAAAGGGAAGACATACAAAAAC
ESRG-B reverse GAACATCTCCAGAACAACCTCACAG
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(Invitrogen), 1 mM glutamine (Invitrogen), 0.1 mM b-mercap-
toethanol (Sigma, USA), 1% nonessential amino acids (Invitrogen),
and 8 ng/ml basic fibroblast growth factor (bFGF, PeproTech,
USA). To obtain a feeder-free culture, the cells were cultured on
Matrigel (BD Bioscience, USA) and grown in media conditioned
for at least 24 h by MEFs. C57BL/6 mouse ES cell line (ATCC, USA)
was maintained in DMEM (Invitrogen) supplemented with 15%
FBS (Gibco), 0.1 mM b-mercaptoethanol, 1 mM glutamine, 1% non-
essential amino acids and 1,000 units/ml of leukemia inhibitory
factor (LIF) (Millipore, USA). All regular media were supplemented
with 10% FBS for other cell lines. SK-OV-3 (human ovarian carci-
noma cell line) was cultured in DMEM/F12 medium (Invitrogen).
HeLa (human cervical carcinoma epithelial cell line) was grown
in minimum essential medium (MEM) (Hyclone, USA). HEK-293
(human embryonic kidney cell line), COS7 (African green monkey
kidney cell line) and NIH/3T3 (mouse embryonic fibroblast cell
line) were grown in DMEM. JAR (human choriocarcinoma cell line)
was grown in RPMI 1640 (Invitrogen). These cell lines were kept in
our lab.

1.2. Tissue samples

Seven kinds of human fetal tissues (including skin, lung, brain,
thyroid, ovary, thymus, liver) of aborted fetus (36 weeks old) and
adult testis tissue were obtained with informed content and the
study was performed with approval of the ethics committee of
each institution involved in this project.

1.3. 50- and 30-rapid amplification of cDNA ends (RACE)

Prior to this report, the 50-end of ESRG was obtained using
SMART RACE cDNA Amplification Kit (Clontech). However, the
main limitation of this classic RACE technique is that there is no
selection for amplification of fragments corresponding to the ac-
tual 50-ends of mRNA: all cDNAs are acceptable templates in poly-
merase chain reaction (PCR). RNA ligase mediated rapid
amplification of cDNA ends (RLM-RACE) is designed to amplify
cDNA only from full-length, capped mRNA, usually producing a
single band after PCR, so its result is more reliable [8].

Thus, we amplified the 50-end of ESRG using a commercially
available RLM-RACE kit (GeneRacer™ Kit, Invitrogen). Briefly, 2–
5 lg DNase I-treated RNA was dephosphorylated with calf intes-
tine phosphatase, digested by tobacco acid pyrophosphate (TAP)
to remove the 50cap structure, and ligated to 50 RACE adapter at
50-end using T4 RNA ligase. The ligated RNA was transcribed into
cDNA with random primer and used as a template for the PCR reac-
tion with GeneRacer 50primer and 50-GSP (Table 1). Each PCR was
run in 50 ll of reaction volume containing 5 ll of 10 � Prime-
STAR™ buffer (Mg2+ plus), 4 ll of dNTPs mixture (2.5 mM each),
1 ll of each primers (10 mM), 2 ll of 50-RACE-Ready cDNA, 0.5 ll
PrimeSTAR™ HS DNA polymerase (2.5 U/ll) and 36.5 ll PCR-grade
water. The touchdown PCR conditions were 94 �C for 3 min, 5 cy-
cles (94 �C for 30 s, 72 �C for 1 min), 5 cycles (94 �C for 30 s, 70 �C
for 1 min), 22 cycles (94 �C for 30 s, 68 �C for 30 s, 72 �C for
1 min), and then a final extension at 72 �C for 10 min.

The 30-end of the cDNA was amplified by SMART RACE cDNA
Amplification Kit (Clontech). Briefly, 2–5 lg DNase I-treated RNA
was transcribed into cDNA with 30 RACE adapter and used as a
template for the PCR reaction. The touchdown PCR was performed
with UPM (Universal Primer Mix) and 30-GSP (Table 1) under the
same condition as 50 RACE PCR.

Both PCR products for 50-end and 30-end were electrophoresed
in a 1.5% agarose gel and purified from the gel using Qiaquick
Gel Extraction Kit (Qiagen, Germany). The purified PCR products
were subcloned into the pMD18-T vector (TaKaRa, Japan). Plasmid
DNA was extracted with Plasmid Mini Purification Kit (Qiagen) and
sequenced by Invitrogen Biotech Co. Ltd. (Shanghai, China). Two
primers complementary to the T7 and SP6 promoters of the vector
were used for sequencing. Ten independent clones of each PCR
product were analyzed to avoid errors in sequence analysis.

The complete sequence of the ESRG cDNA was deduced from the
overlapping sequences of both 50-end and 30-end amplification
products. All oligonucleotides used in this study were synthesized
by Invitrogen Biotech Co. Ltd..
1.4. Sequence analysis

The similarity analyses of the determined nucleotide sequences
and deduced amino acid sequences were performed by BLAST pro-
grams <http://blast.ncbi.nlm.nih.gov/Blast.cgi>. The prediction of
transcription start sites was conducted using TSS finder <http://
www.fruitfly.org/seq_tools/promoter.html> [9]. The possible ORF
was analyzed with ORF Finder tool <http://www.ncbi.nlm.nih.-
gov/gorf/gorf.html>. The protein sequence of the cloned gene, its
molecular weight, pI and topology predictions were conducted
with the Expert Protein Analysis System <http://expasy.org/tools/
> [10]. The simple modular architecture research tool (SMART) ver-
sion 4.0 <http://smart.embl-hidelberg.de/> was used to predict the
protein domains [11]. The subcellular localization of ESRG protein
was predicted using ngLOC software <http://ngloc.unmc.edu/in-
dex.html> [12].
1.5. Reverse transcription-PCR (RT-PCR)

All PCR primers used in this study were summarized in Table 1.
Total RNA was extracted with Trizol reagent (Invitrogen) and di-
gested by the RNase-free DNase I (TaKaRa) to remove trace
amounts of genomic DNA contamination. The concentration and
quality of total RNA were determined by UV-absorbance at
260 nm, the A260/A280 ratio and agarose gel electrophoresis.
The first-strand cDNA was synthesized from total RNA using re-
verse transcription system (Promega, USA) and subjected to PCR
(95 �C for 5 min; 30 cycles through 95 �C for 30 s, 56 �C for 30 s,
72 �C for 30 s, and then extension at 72 �C for 10 min) using
DreamTaq Green PCR Master Mix (Thermo, USA) with primers
listed in Table 1. GAPDH was used as an internal loading control.
Controls without template were carried out by replacing cDNA
with water. PCR products were analyzed in 1.5% agarose gels and
visualized by ethidium bromide staining.
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1.6. Construction of ESRG expression vectors

DNA fragment of 2–722 bp containing the ORF of ESRG was
amplified from H9 cells’ cDNA using specific primers (Table 1).
Amplification conditions were as follows: initiation at 95 �C for
5 min; 35 cycles of 94 �C for 30 s, 62 �C for 30 s, and 72 �C for
50 s; and a final extension at 72 �C for 10 min. The PCR product
was gel purified, cloned into pEASY-T1 vector and sequenced to en-
sure that no mutations were introduced during PCR amplification.
Then the plasmid was digested with BamH I and Xba I and cloned
into pEF1/His C expression vector (Invitrogen) to obtain the ESRG
expression vector, pEF1/His-ESRG. Empty pEF1/His C vector was
used as a control and was designated as pEF1/His-Empty. The re-
combinant plasmid was sequenced to confirm that the inserted se-
quence was in the proper reading frame.

1.7. Cell transfection

COS7 cell line not expressing the wild type ESRG was used for
transfection experiments. A total of 1 � 106 cells were seeded in
wells of 6-well plates 24 h prior to transfection. Then the cells were
washed with phosphate-buffered saline (PBS; pH 7.2) and the
medium was replaced with Opti-MEM (Invitrogen). 2 lg of pEF1/
His-ESRG or pEF1/His-Empty was transfected into cells over 6 h
using the Fugene HD reagent (Roche, Swiss) according to the man-
ufacturer’s instructions. On the next day, the cells were harvested
followed by extraction of total protein for Western blotting.

1.8. Production of polyclonal antibodies

We selected an immunogenic epitope on ESRG protein for high-
est probability of antigenicity using the JW method. Then, we syn-
thesized the specific peptide, coupled it with keyhole limpet
hemocyanin (KLH) at C-terminal cysteine residue, and used it to
immunize New Zealand rabbits four times each. The rabbit im-
mune serum was collected and polyclonal antibody was purified
by affinity chromatography. The antibody titer was measured
through enzyme-linked immunosorbent assay (ELISA). The reactiv-
ity and specificity of this polyclonal antibody was tested on a vari-
ety of cell types. We subsequently used the antibody to detect
ERSG expression in hESCs and ESRG-transfected COS7 cells by
immunocytochemistry and Western blotting.

1.9. Western blotting

HESCs were lysed in M-PER� Mammalian Protein Extraction Re-
agent (Thermo). Nuclear and cytoplasmic proteins were extracted
using NE-PER� Nuclear and Cytoplasmic Extraction Reagents
(Thermo). 1 � Halt™ Protease Inhibitor Cocktail (Thermo) were
added to the extracts. Protein concentration was determined using
BCA assay and equal amounts of protein from each lysate were run
on gradient 4–12% Tris–HCl gel (BioRad, USA). Proteins were trans-
ferred to a polyvinylidene difluoride (PVDF) membrane (Millipore),
and the membrane was treated with anti-ESRG antibody (diluted
1:300) and anti-b-actin antibody (diluted 1:5000; Sigma) at 4 �C
overnight. Secondary antibodies conjugated with horseradish per-
oxidase (Millipore) were then applied for 1 h at room temperature.
The blot was visualized using ECL reagent (Pierce, USA) and re-
corded with X-ray films.

1.10. Indirect fluorescent immunocytochemistry

The cells were washed with cold PBS and fixed with 4% parafor-
maldehyde/PBS for 10 min, washed twice with PBS, permeabilized
for 10 min with 0.1% Triton X-100, washed three times with PBS,
and incubated in 1% BSA for 1 h (to block non-specific protein bind-
ing sites) and in rabbit anti-ESRG antibody (diluted 1:150 in 1%
BSA) overnight at 4 �C. The cells were then washed three times
with PBS and subsequently incubated with the secondary antibody
(goat anti-rabbit IgG, fluorescein isothiocyanate (FITC)-conjugated;
diluted 1:500) for 1 h at room temperature in the dark. To show the
nuclei, cells were further incubated with 10 lM Hoechst 33342 for
10 min. Background staining was examined using the secondary
antibody alone. Cells were washed finally with PBS and recorded
with inverted fluorescence microscope (Nikon, Japan). Green fluo-
rescence displayed the distribution of ESRG protein, and the cell
nuclei were indicated by the blue fluorescence of Hoechst 33342.
2. Results

2.1. Identification and sequence analysis of ESRG and ESRG-B

By overlapping the 30- and 50-RACE fragments, a 3151 bp
(named ESRG) and a 2837 bp (named ESRG-B) transcripts were ob-
tained. The only difference between the two was that ESRG-B had a
truncated 30UTR compared with ESRG (Fig. 1A). In the 30UTR, three
and two mRNA instability motifs (ATTTA) were found in ESRG and
ESRG-B, respectively [13]. The polyadenylation signal (AATAAA)
lied at 127 bp upstream of polyA tail. Both transcripts were pre-
dicted to contain the same candidate ORF analyzed by ORF Finder
on NCBI website. The ORF comprising 669 bp with an initiation co-
don at 2–4nt and a stop codon at 668–670nt encoded a protein of
222aa with theoretical pI of 9.37 and molecular weight of 24 kDa
(Fig. 1B). Furthermore, through comparing our obtained ESRG
mRNA sequence with the data in GenBank by BLAST, we found a
single nucleotide polymorphism (SNP) site at position 374 of ESRG
ORF (T/C), which led to a shift of S125P (serine to a phenylalanine
at 125). But its biologic significance remained unknown. ESRG pro-
tein was predicted to be located in nuclei by ngLOC software.
SMART analysis showed that it contained a leucine zipper domain
(180LAASPAFLGQGQVPLNPFSFTL201). Meanwhile, five protein ki-
nase C phosphorylation sites, one casein kinase II phosphorylation
site and two N-myristoylation sites were observed in this protein
(Fig. 1B).

2.2. Expression of ESRG and ESRG-B in various cells and tissues

To investigate the mRNA expression pattern of ESRG and ESRG-
B, the semiquantitative RT-PCR method was employed using gene-
specific primers (Table 1) with GAPDH as internal control. Both
ESRG and ESRG-B were found to be constitutively expressed in
hES cell lines H1 and H9, but were undetectable in other cell lines
including C57BL/6 mESC, HUVEC, NIH/3T3, HEK-293, COS7, HeLa,
JAR, and SK-OV-3 (Fig. 2A). In addition, our results showed that
ESRG and ESRG-B were only weakly expressed in the fetal ovary,
and not in other normal tissues including fetal skin, lung, brain,
thyroid, thymus, liver and adult testis tissues (Fig. 2B). Both in
hESCs and fetal ovary, ESRG-B was more abundant than ESRG
(Fig. 2).

2.3. Subcellular localization of ESRG protein

Western blotting results (Fig. 3A) showed that the affinity-puri-
fied rabbit antiserum against ESRG specifically detected a 24 kDa
band in hESC extracts and COS7 cell line transfected with pEF1/
His-ESRG, which also confirmed the specificity of anti-ESRG. To
gain some information on the subcellular localization of ESRG pro-
tein, the deduced amino acid sequence was analyzed by ngLOC
software. According to the prediction result, ESRG may be located
in the nuclei. By isolating cellular different components, we further
confirmed that ESRG was specifically localized in the nuclei of



Fig. 1. (A) Comparison of exons between ESRG and ESRG-B. ESRG has exon 4a, while ESRG-B has a truncated exon 4b. (B) The nucleotide and deduced amino acid sequences of
ESRG. The start (CTG) and stop (TAG) codons are shaded in grey. The underlined amino acids indicate the predicted leucine zipper domain. Five protein kinase C
phosphorylation sites and two casein kinase II phosphorylation sites are boxed. Two N-myristoylation sites are double underlined.

Fig. 2. (A) ESRG expression in cell lines. 1, H1 hESCs; 2, H9 hESCs; 3, mESCs; 4, HUVEC; 5, NIH/3T3; 6, HEK-293; 7, COS7; 8, HeLa; 9, JAR; 10, SK-OV-3; 11, no template control
(NTC). (B) ESRG expression in tissues. 1, H9 hESCs; 2, skin; 3, lung; 4, brain; 5, thyroid; 6, adult testis; 7, ovary; 8, thymus; 9, liver; 10, NTC.

Fig. 3. Subcellular localization of ESRG in hESCs. (A) Western blotting results of ESRG in COS7 cells transfected with pEF1/His-ESRG. 1, H9 hESCs; 2, COS7 cells transfected
with pEF1/His-ESRG 24 h post transfection; 3, COS7 cells transfected with pEF1/His-ESRG 48 h post transfection; 4, COS7 cells transfected with pEF1/His-empty vector. (B)
Western blotting results of ESRG in nuclear and cytoplasmic extracts from H9 hESCs. 1, H9 total extracts; 2, H9 nuclear extracts; 3, H9 cytoplasmic extracts; 4, mESCs total
extracts. (C) Immunostaining of COS7 cells transfected with pEF1/His-ESRG (upper row), H9 hESCs (middle row) and mESCs (lower row) using anti-ESRG (Green). The cells
were counterstained for DNA with Hoechst 33342 (Blue).
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hESCs (Fig. 3B). Surprisingly, unlike the circumstances in hESCs,
when COS7 cell line was forced to express ESRG protein through
transfection of pEF1/His-ESRG vector, only cytoplasmic ESRG local-
ization was observed (Fig. 3C) as obviously revealed by immunocy-
tochemistry method. In accordance with above RT-PCR results, we
couldn’t detect ESRG protein in mESCs by Western blotting or
immunocytochemistry (Fig. 3B and C).
3. Discussion

In the present study, for the first time, we have identified and
characterized two alternative transcripts of ESRG in hESCs. Inter-
estingly, both of them have the same ORF and may encode a same
protein. According to the semi-quantitative RT-PCR results, what is
intriguing is that it seemed ESRG-B was more abundant than ESRG
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in hESCs. In accordance with the observation, respectively three
and two mRNA instability motifs (ATTTA) were found in the 30UTR
of ESRG and ESRG-B through bioinformatics analysis. The one more
mRNA instability motif might be related to stability difference of
these two transcripts. These two transcripts were resulted from
two 30 splice sites (ESRG, 4a, CATTGCTTATTCCAG) (ESRG-B, 4b,
TGGTCTTCTCAACAG). The 30 splice site of ESRG-4a appeared to
have a poor match with the splicing consensus sequence, i.e.
ESRG-4a might contain a weaker 30 splice site than ESRG-B-4b
[14]. Differences in mRNA instability motif and 30 splice sites
may contribute to the different abundance levels, though further
evidence is needed. Also, the biological significance of these two
different transcripts in hESCs is worth further investigation.

To understand the function of a novel gene, a good method is to
describe its expression pattern in various tissues and cell lines.
First, we detected expression of ESRG and ESRG-B in different cell
lines. As we expected, we couldn’t detect ESRG and ESRG-B expres-
sion in any cell lines except in hESCs, which is further evidence that
ESRG is a human embryonic stem cell specific gene. We collected
fetal skin, lung, brain, thyroid, ovary, thymus, liver and adult testis
tissues to detect ESRG expression. Only weak expression of ESRG
and ESRG-B was observed in the ovary, and even in the ovary,
ESRG-B manifested a higher level than ESRG, which indicated that
the expression patterns of ESRG’s two different mRNA splicing
forms were highly similar. Till now, except in hESCs [5], ESRG is
found to be expressed in only two kinds of cranial germ cell tumors
(GCTs) (i.e. germinoma and embryonal carcinoma) [15], which
means ESRG is one of those undiscovered genes co-expressed
among germinoma, embryonal carcinoma (EC) and hESCs. The
co-expression of ESRG reveals that there might exist some coherent
characteristics among these three types of cells. In CNS GCTs, ger-
minoma and EC are thought to be closer to germ cells than other
types of GCTs. EC may give rise to embryonal neoplasm with the
potential to differentiate into derivatives of all the three germ lay-
ers and is considered to be a neoplastic counterpart of hESCs or pri-
mordial germ cells (PGCs) [15]. In the ovary, there also exist germ
(egg) cells. We speculate that these germ cells may be the ESRG po-
sitive cell source. From this perspective, another kind of GCT dis-
ease related to malignant (cancer) cells formed in the germ (egg)
cells of the ovary is worthy of further study.

We subsequently examined the subcellular localization of ESRG
in hESCs. Using specific anti-ESRG, as revealed by immunocyto-
chemistry and Western blotting results, we found ESRG protein
was localized in the nuclei of hESCs. This was in consistent with
bioinformatics prediction results.

We also examined the subcellular localization of exogenously
expressed ESRG in COS7 cells by gene transfection strategy. To
our surprise, unlike its nuclear localization in hESCs, ESRG protein
was localized in the cytoplasm of COS7 cells. In the bioinformatics
analysis, we could not find nuclear localization signal (NLS) in
ESRG protein, but we found a conserved C terminal leucine zipper
domain between amino acids 180 and 201. It is known that many
important transcription factors, such as GCN4, c-Fos and c-Jun, and
C/EBP etc., have leucine zipper domains [16–18] and this domain is
usually involved in homo- or heterodimer formation [19], which
then facilitates the interaction of an adjacent region of the protein
with specific sequences of the DNA. How ESRG protein, without an
NLS site, is transported into the nuclei of hESCs and whether ESRG
protein is facilitated by an interaction with another NLS-containing
protein via the C-terminal leucine zipper domain remain to be fur-
ther investigated [20].

In summary, this is the first report for identifying and character-
izing ESRG’s two alternative mRNA splicing forms, profiling its spa-
tial expression patterns, and analyzing its subcellular localization.
The obtained recombinant ESRG protein expression from its cDNA
sequence paves the way for subsequent structure–function
analysis by mutational studies, and the successful preparation of
anti-ESRG antibody will facilitate further studies on the functions
and regulatory mechanisms underlying the role of ESRG in hESCs.
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