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Spennatogonial stern cells (SSCs) are defined by unique properties like other stern cells. However, there 
are two major challenges: long-tenn cultivation ofnormal SSCs into stable celllines and maintaining the 
SSCs as undifferentiated and capable of self-renewal. Here, we compared different culture methods for 
mouse SSCs isolated and cultured from testicular tissue. We found that human amniotic epithelial cells 
(hAECs) can behave as feeder cells, allowing mouse SSCs to maintain a high level of alkaline phos
phatase (AP) activity when cultured long-term. Also, we observed that expression of Nanog, Oct-4 and 
other important stern cells markers were higher in mouse SSCs cultured on hAECs compared to those 
cultured on MEF or without any feeder cells. Furthermore, we demonstrated that the CpG islands ofthe 
Nanog and Oct-4 promoters were hypomethylated in cells cultured on hAECs. In addition, mouse SSCs 
cultured on hAECs exhibited higher levels of H3AC and H3K4Me3 in the Nanog and Oct-4 promoters 
than those cultured on MEF or without feeder cells. Taken together, these results suggest that the hAEC
induced epigenetic modifications at the Nanog and Oct-410cus could be a key mechanism for maintaining 
mouse SSCs in an undifferentiated state capable of self-renewal. 

Keywords: Human amnion epithelial cells - mouse spermatogonial stern cells - undifferentiated - DNA 
methylation - histone H3K 4 trimethylation 

INTRODUCTION 

Spermatogenesis is a highly regulated process in which undifferentiated germ cells 
classified as spermatogonial stern cells (SSCs) divide and mature to produce sperma
tozoa during and after puberty. In rodents, As (Asingle) spermatogonia are the stern 
cells of spermatogenesis, capable of both self-renewal and differentiation [9, 29]. 
Previous research indicated that SSCs cultured in vitra possessed many of the char
acteristics ofthe true embryonie stern cells (ESCs) [11], but avoiding ethical disputes 
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[14, 19, 20, 29, 34]. Human SSCs was isolated and purified from testicular tissue 
using a6-integrin (CD49f) by magnetic-activated cell separation (MACS) or flow 
cytometry (FACS) [6, 7, 10]. Unfortunately, long-term cultivation of normal SSCs 
into stable eell lines, and maintaining their undifferentiated state and eapacity far 
self-renewal, remain a serious challenge [18]. 

In the tissue of most model organisms, the stern cell niche is defined as the micro
environment that supports stern cell behavior [28, 41]. The niche regulates specific 
stern cells properties, such as self-renewal, pluripotency, quiescence, and the ability 
to differentiate into single or multiple lineages [1, 28]. In mammalian testis, the 
Sertoli cells provide cell growth factors, glial cell line-derived neurotrophic factor 
(GDNF) and basic fibroblast growth factor (bFGF) among others, to support SSC 
self-renewal [17, 28, 30], and the basement membrane provides anchoring through 
integrins [13, 28, 36]. This testicular niche provides the signals necessary for self
renewal and retention of SSCs in their undifferentiated state [28]. lt is important to 
establish suitable culture eonditions, similar to this testieular niche, far SSCs in vitra. 
Harmra and colleagues [40] reported that SG medium, including vitamin A and leuke
mia inhibitory factor (LlF), can maintain SSC in an undifferentiated state with self
renewal capacity. 

The Nanog gene expressed in pluripotent cells, which has a major role in maintain
ing pluripotency ofESCs and early embryos [5,15,27,31]. The Oct-4 gene is also 
neeessary far maintaining piuripoteney of eells of rCM lineage; deereasing its expres
sion leads to trans-differentiation of ESCs into trophoblast stern cells [5, 15, 27, 31, 
33]. They are co-expressed in developmental stage- and cell type-specific manners. 
Partial DNA demethylation in restricted areas in the Oet-4 regulatary region is pro
posed to be required for gene activation [8, 12, 37-39]. The Nanog promoter is also 
demethylated in nuclear transfer ESCs, fibroblast-ESCs, and in transduced cells [3, 8, 
39]. Additionally, acetylation and methylation of lysine residues in the amino termi
nal tail of histones H3 and H4, which regulate chromatin assembly on promoters and 
thereby promoter activation, have been shown in mouse thymocyte-embryonic stern 
cell hybrids [22, 24]. 

Human amniotic epithelial eells (hAECs) are temparary and specialized fetal eells, 
derived from the placenta, that maintain the pluripotency of early epiblast cells [23, 
25]. Previous studies have indicated that hAECs express many growth factors (EGF, 
bFGF, TGF-a, TGF-ß and BMP-4) as weil as stem cell markers (Nanog, Oct-4 and 
Nestin) [25]. If the human placental amnion, routinely discarded as medical waste, 
could be used as an abundant source of feeder cells, it would simplif)r mouse ESC 
culture procedures [25]. Although we have discovered that hAECs could be effec
tively used as feeder cells, very little is known about how they inhibit mouse SSCs 
differentiation [25]. In this study, we explore hAEC-dependent epigenetic modifica
tions of the Nanog and Oet -4 gene loci in mouse SSCs, a possible meehanism for the 
hAEC-induced maintenance of mSSCs in an undifferentiated state. 
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MATERIALS AND METHODS 

Preparation oi MEF and hAEC 

MEF cells were isolated from 13-day-old C57BLl6 mouse embryos. Cells were 
mitotically inactivated using mitomycin C (Sigma) as described previously [2, 25]. 
MEF cells are mitotically inactivated by treatment with 10 Ilg/ml mitomycin C 
(Roche Cat #107 409) for 2 hours at 37°C. Cells are washed three times with PBS, 
trypsinized (Invitrogen Cat #25300-054), and plated at a density of 1 x lOs/mI with 
2.5 ml per well of a gelatin-coated 6-well dish. 

Human placentas were obtained with written and informed consent of pregnant 
women who were negative for HIV-I, hepatitis B, and hepatitis C. We were recog
nized for the appropriate use of human amnion by the institutional ethics committee. 
Amnion membranes were mechanically peeled from chorines of placentas obtained 
from women with an uncomplicated Cesarean section. The epithelial layers with 
basement membrane attached were obtained and used to harvest hAECs as previ
ously described with some modification [25]. Briefly, the membrane was placed in a 
250-mL flask containing DMEM medium and cut with a razor to yield 0.5-1.0 cm2 

segments. The segments were digested with 0.25% trypsin-EDTA at 37°C for 45 
minutes. The resulting cell suspension were seeded in a six-well plate in DMEM 
medium supplemented with 10% fetal calf serum (PAA, Austria), penicillin (100 U/ 
mL), and glutamine (0.3 mg/mL), and incubated in a humidified tissue culture incuba
tor containing 5% CO2 at 37°C. The hAECs grown to a density of about 100% were 
used as fee der layers for mouse SSCs culture. 

Mouse SSCs isolated and sorted by flow cytometry 

The mouse SSCs isolated from six 7-day-old C57BLl6 mice (Center for laboratory 
animal, Shanghai Institute for biological sciences). Testicular single cell suspensions 
were collected by a two-step enzymatic digestion and then used for sorting. Briefly, 
testicular cells were obtained by digestion with l.0 mg/mL collagenase IV (Sigma 
Chemical) at 37°C for 15 minutes, followed by digestion with 0.125% trypsin-l.O 
mmol/L EDTA (Gibco Gaithersburg) at 37°C for 10 minutes. a6-integrin(CD49f) is 
a component of the laminin receptor expressed by SSCs and can be used for purifying 
SSCs [6, 35]. The dissociated cells were incubated with fluorescein isothiocyanate 
(FITC)-conjugated rabbit anti-a6-integrin(CD49f) monoclonal antibody (BD 
Biosciences), 6x 106 cells/ml at 4 °C in the dark for 20 minutes, and then washed 
thrice with phosphate-buffered saline (PBS). Next, using magnetic-activated cell sort
ing (MACS) in a VarioMACS separator (Miltenyi Biotec) following the manufac
turer's protocol, we emiched the a6-integrin+(CD49f+) cells in the suspension. 
Sampies of the cells before and after MACS were analyzed by flow cytometry to 
determine the emichment ratio by a6-integrin+(CD49f+) expression assay. 
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Co-culture of mouse SSCs with hAECs or MEF 

Mouse SSCs were separated from the feeder cells by treatment of 0.125% trypsin
EDTA solution and plated onto and co-cultured with hAECs or MEF. The cells were 
cultured in DMEM:F12(1: 1) medium supplemented with 20% KnockOut™ Serum 
Replacement, 1 mM sodium pyruvate, 2 mM L-glutamine, 0.1 mM nonessential 
amino acids, 0.1 mM beta-mercaptoethanol, penicillin (25 U/mL), streptomycin (925 
mg/mL), without leukemia inhibitory factor (LlF). The cells were incubated in a 
humidified tissue culture incubator containing 5% COz at 37°C. All cells had been 
cultured on the same feeder layer until passage 4th before making continued experi
ments. 

Alkaline phosphatase staining 

Alkaline phosphatase activity of SSCs, which were cultured on hAECs or MEF, or 
cultured solely without any feeder layer, were determined using the alkaline phos
phatase substrate kit (Sigma-Aldrich) according to the manufacturer's instructions 
[32]. 

Reverse transcriptase-polymerase chain reaction (RT-PCR) for mouse 
SSCs markers mRNA assessment 

Total RNA from each group was isolated using Trizol Reagent (lnvitrogen) according 
to the manufacturer's protocol. The RNA samples were treated with DNase I (Sigma
Aldrich), quantified, and reverse-transcribed into cDNA using the ReverTra Ace-a 
First Strand cDNA Synthesis Kit (TOYOBO). RT-PCR amplification was performed 
over 32 cycles with denaturation at 95°C for 15 sec and annealing at 58°C for 45 
sec, 72 °C for 42 sec. The mRNA levels were calibrated based on levels of 18 s rRNA. 
The SSCs markers were amplified using primers listed as follows: Nanog: F: 
GCCTCTCCTCGCCCTTCCTCT, and R: CCACCGCTTGCACTTCATCCTT; 
Oct-4: F: CGGCCCCTGCTGGAGAAGTGR, and R: GGGGGCAGAGGA
AAGGATACAGC; Sox-2: F: CCGGGCCTCAACGCTCAC, and R: 
CCGGGCCGCTCTGGTAGT; Rex-I: F: GCCCTCGACAGACTGACCCTAAAG, 
and R: GGCCGCCTGCAAGTAATGAGC; SSEA-I: F: GGTGAAGGAA
CTCCACGACT, and R: CTGAAGGCTGTTCAGTTGGA; EE2: F: TGCA
GGGAGAAGAGTTTGTG, and R: TTGTTACTCATGTGCCGGAT; CD49f: F: 
GGAGTCACTGTTCAGAGCCA, and R: GACGATCCCTTTCCAGTTGT; 
ß1-integrin: F: TCTTGGAACGGATTTGATGA, and R: TACATTCCTCCA
GCCAATCA; CD117: F: CAACTCTGATGCCAGTGCTT, and R: ACC
TGTACGTCCACTGGTGA; CD90: F: TCTCAGTCTTGCAGGTGTCC, and R: 
CATCCTTGGTGGTGAAGTTG; Str8: F: ACATCAGTCGACAATTCGGA, and R: 
TGCCCAGTACCGATAAATGA; Dazl: F: TAATCCTCCTCCTCCACCAC, and R: 
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CAGCTCCTGGATCAACTTCA; Notchi: F: CCCTGAGGGTTTCAAAGTGT, and 
R:TGGTCCTCGAACATTGACAT; 18srRNA:F:TAACGAACGAGACTCTGGCAT, 
and R: CGGACATCTAAGGGCATCACAG. RT-PCR amplified products were sepa
rated by electrophoresis on a 1.2% agarose gel. 

Flow cytometry analysis for mouse SSCs markers expression 

The SSCs, which were cultured on hAEC or MEF, or cultured solely without any 
feeder cells, were suspended (6x 105 cells/ml) and stained with primary antibody 
(Nanog, Oct-4, Sox-2, c-kit(CD117), SSEA-l, EE2, a6-integrin (CD49f), ß1-integrin 
(CD29), Thy-1 (CD90) ofthe SSCs markers FLTC conjugate; BD Biosciences) on ice 
in Dulbecco's phosphate-buffered saline (DPBS) containing 10% BSA. Staining was 
compared with an isotype control antibody (mouse IgG 1-FITC, BD Biosciences) to 
correct for non-specific binding. Evaluation of antibody staining by flow cytometry 
and cell sorting by FCM was performed using a FACSvantage SE (BD, Franklin 
Lakes, NJ, USA) [16]. 

vvestem blotting analysis 

The cells were lysed using a 2x loading lysis buffer (50 mM Tris-HCI, pH 6.8, 2% 
sodium clodecyl sulfate, 10% ß-mercaptoethanol, 10% glycerol and 0.002% 
brom phenol blue). The total amount of proteins from the cultured cells were sub
jected to 12% SDS-PAGE and transferred onto Hybrid-PVDF membrane (Millipore, 
Bedford, USA) membranes. After blocking with 5% (w/v) non-fat dried milk in 
TBST (Tris-buffered saline containing Tween 20) (25 mM Tris/HCI, pH 8.0, 125 mM 
NaCI and 0.05% Tween 20), the PVDF membranes were washed 4 times (15 minutes 
each) with TBST at room temperature and incubated with primary antibody (rabbit 
anti-mouse Nanog polyclonal antibody (1 : 1000) and rabbit anti-mouse Oct3/4 poly
clonal antibody (1 : 1000)). Following extensive washing, membranes were incubated 
with HRP-conjugated goat anti-rabbit IgG secondary antibody (1 : 1000; Santa Cruz 
Technology, Santa Cruz, USA) for 1 h. After washing washed 4 times (15 minutes 
each) with TBST at room temperature, the immunoreactivity was visualized by 
enhanced chemiluminescence using ECL kit from Perkin-Elmer Life Science 
(Norwalk, USA). 

Bisuljite conversion 0/ genomic DNA and methylation-specific peR 
(MS-PCR) 

The SSCs were lysed in DNA lysis buffer (0.5% SDS, 0.1 M EDTA, 10 mM Tris-HCI 
pH 8.0 and 100 ngiml Proteinase K, all from Sigma-Aldrich) and incubated at 55°C 
for 2 h. The treatment of genomic DNA and MS-PCR assay were done as previously 
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described [15]. The specific primers for Nanog and Oct-4 were designed as previ
ously described [15]. The PCR products were separated by 12 g/L ethidium bromide 
containing agarose gel electrophoresis with 1 x Tris Acetate EDTA (TAE) buffer and 
visualized under UV illumination. 

Chromatin immunoprecipitation (ChIP) assays 

ChIP experiments were carried out by using anti-acetylated histone H3 antibody 
(Upstate Biotechnology), anti-trimethylated H3-K4 antibody (Abcam) and normal 
rabbit IgG (Upstate Biotechnology) as a negative control. In brief, the cells were fixed 
by 1 % formaldehyde for 30 minutes at 37°C and then quenched by 125 mM glycine 
for 10 minutes at room temperature to form DNA-protein cross-links. Sampies were 
sonicated on ice until chromatin fragments became 200-1000 bp in size and incu
bated with antibodies at 4 °c overnight. The PCR amplification was performed und er 
the following conditions: 33 cycles run by denaturation at 95°C for 30 sec, annealing 
at 55°C for 30 sec and extension at 72 °C for 30 sec. The Nanog and Oct-4 gene 
primers were designed as follows [15]: Nanog-ChIP-MF: 5'-GGTTAGAGTGCTT
TCACTCAC-3'; Nanog-ChIP-MR: 5'-GCTGGCTTCAGACTTACTGC-3', Oct4-
ChIP-MF: 5'-GTGAGGTGTCCGGTGACCCAAGGCAG-3'; Oct4-ChIP-MR: 
5'-CGGCTCACCTAGGGACGGTTTCACC-3'. 

Statistical analysis 

Each experiment was performed as least three times and data were shown as the 
mean ± SE. The differences were evaluated using Student's t-tests. The probability of 
<0.05 was considered to be statistically significant. 

RESULTS 

We compared the morphology ofmouse SSCs colonies growing on hAECs compared 
to those grown on MEFs or without feeder cells. Under the microscope, mouse SSCs 
cultured on hAECs appeared undifferentiated, growing as isolated, round colonies. In 
contrast, the differentiated mouse SSCs cultured on MEFs or without feeder cells 
appeared to be migrating into the feeder layer. 

hAECs maintain mouse SSCs in an undjfferentiated and self-renewal 

To examine the proliferation rates of different group of SSCs, 5.0x 104 mouse SSCs 
cells were plated in triplicate culture wells, and cell numbers were counted on days 1 
to 6 of each passage. Initial plating density and sampling times were repeated for 
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three passages. The mean SSCs per well was statistically different between the three 
different culture conditions at each time point. The proliferation rates of SSCs cells 
on hAECs were higher compared to those grown on MEF or without feeder cells 
between day 3 and day 6 (Fig. 1). Alkaline phosphatase (AP) levels decrease as stern 
cells lose their pluripotency and differentiate. We analyzed the AP activity of mouse 
SSCs cultured under different conditions. After 6 d, the AP activity of mouse SSCs 
cultured on hAECs increased (O.850±O.061) compared to those cultured on MEFs 
(O.379±O.066; P<O.05, n = 3) or without feeder cells (O.166±O.055; P<O.OI, 
n= 3). 

B. mSSC on hAEC mSSC on MEF 

c. 
__ 40 
b 3S 
E 30 
-;;; 2S ... 
1: 20 
E 1S 
~ 10 

-- onlymSSC 
-- mSSC on hAEC 
-- mSSC on MEF 

4i S * 

1d 

6d 

D. 

U O~~~~--~~--~-?-
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Cell culfured (day) 
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** 

Fig. 1. Mouse SSCs cultured on hAECs, MEFs or without feeder cells. (A) The mouse SSCs were cul
tured for 48 h in vitra after isolated and sorted by FCM. (B) Bright field image ofmouse SSCs cultured 
on hAECs which were cultured in day land day 6. (C) The numbers ofmouse SSCs cultured on different 
feeder cells or without feeder cells counted between day 1 and day 6 (* P< 0.05). (D) AP staining ofmouse 
SSCs cultured on hAECs, MEFs, or without feeder cells. AP activity ofmouse SSCs cultured on MEFs 
or without feeder cells was lower than those cultured on hAECs after day 6. n = 3; # P>0.05; ** P<O.O I. 

Scale bar = 50 ~m 
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hAECs maintain stem ce}} markers overexpression in mouse SSCs 

In order to evaluate the lack of differentiation and original state of mouse SSCs grown 
on hAECs, we analyzed the expression of several stern cell markers by FCM and 
RT-PCR. The expression level ofmany stern cells markers in SSCs grown on hAECs 
is about twofold higher than that of cells grown on MEFs or without any feeder cells 
(Fig.2). 

hAECs maintain Nanog and Oct4 expression in mouse SSCs 

Western blotting assay were performed to compare the expression levels of Nanog 
and Oct4 proteins of mouse SSCs in day 1 and day 6 culture. Increased Nanog and 
Oct4 protein expression in mouse ESCs cultured on hAECs compared to those cul
tured on MEFs were demonstrated by Western blot assay (Fig. 3). In addition, 
Western blot results indicated that Nanog and Oct4 expression in mouse SSCs cul
tured on hAECs (1.18±0.21, 0.28±0.09) was enhanced compared with those cul
tured on MEFs (1.13±0.23, 0.21 ±0.1O) in day 6. 

Nanog Oct4 ß-Actin 

1 d 6d 1 d 6d 1 d 6d 
mSSC on hAEC 
mSSC on MEF ~;;;;;;: 

1d 6d 1d 6d 1d 6d 

Nanog Oct4 p-Actin 

_ mSSC on hAEC 
~mSSConMEF 

Fig. 3. Detennination ofNanog and Oct4 expression in mouse SSCs. Western blotting assay was used to 
detennine the expression levels ofNanog and Oct4 proteins in mouse SSCs. The mouse SSCs were cul
tured on hAECs or MEFs for day 1 and day 6. The expression levels Nanog and Oct4 proteins in mouse 

SSCs cultured on hAECs was higher than those on MEFs in day 6. ** P<O.OI; # P>O.05 
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The Nanog and Oct-4 promoters are hypomethylated 
in mouse SSCs cultured with hAECs 

TE LIU et al. 

The DNA methylation status of the Nanog and Oct-4 promoters CpG islands were 
investigated by sodium bisulfite treatment and sequencing of genomic DNA in mouse 
SSCs cultured on hAECs, MEFs, or without feeder cells after 6 d. Focusing on the 
Nanog and Oct-4 specific region, there were no significant differences in CpG island 
methylation of mouse SSCs cultured on MEF or without feeder cells. However, in 
mouse SSCs cultured on hAECs, this region of the Nanog and Oct-4 were moder
ately hypomethylated after 6 d (Fig. 4). The negative control, mouse SSCs treated 
with 5-aza-CdR for 48 h, showed hypomethylation in the CpG islands ofthose genes. 
These differences suggest that hAECs positively regulate the mouse SSC Nanog and 
Oct-4 genes through maintenance of CpG islands hypomethylation. 

Histone H3 acetylation and K4 trimethylation ofthe Nanog and Oct-4 
promoters are maintained in mouse SSCs cultured on hAECs 

Chromatin immunoprecipitation (ChIP) assays were performed to evaluate histone 
H3 acetylation levels of the Nanog and Oct-4 promoters of mouse SSCs cultured on 
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Fig. 4. CpG island methylation status and histone H3 acetylation and H3K4 trimethylation of the 5' 
Nanog and Oct-4 promoters. (A) Analysis ofthe methylation state ofCpG islands ofthe Nanog and Oct-4 
5' promoters using sodium bi sulfite PCR sequencing. "Mk" indicates DNA marker. "U" indicates unm
ethylated CpG, "M" indicates methylated CpG. (B) PCR amplified genomic DNA obtained following 
immunoprecipitation with anti-acetylated histone H3 (anti-Ac-H3) antibody or anti-trimethylated histone 

H3K4 (anti-Me3K4-H3) antibody. ** P<O.Ol; * P<O.05; # P>O.05 
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hAECs, MEFs, or without feeder cells. In mouse SSCs cultured on hAECs, the 
acetylation and trimethylation levels ofhistone H3 in the Nanog and Oct-4 5' regions 
were similar to those in mouse SSCs cultured without feeder cells. However, after 
6 d, histone H3 appeared relatively hyperacetylated and methylated in the Nanog and 
Oct-4 promoters ofmouse SSCs cultured on hAECs, compared with the same region 
in cells cultured on MEFs or without feeder cells. All the findings above suggest that 
hAECs are capable of maintaining the Nanog and Oct-4 locus in an active transcrip
tional state through covalent histone modifications (Fig. 4). 

DISCUSSION 

In this study, we report that hAECs influence the undifferentiated growth and self
renewal capacity of mouse SSCs by maintaining the chromatin of at least two impor
tant transcript factors, Nanog and Oct-4, in an active state through epigenetic modifi
cations. We found that hAEC feeder cells allowed mouse SSCs to maintain a high 
level of AP activity during long-term culture. Also, we observed that expression of 
Nanog, Oct-4 and other important stern cells markers was higher in mouse SSCs 
cultured on hAECs compared to those cultured on MEFs or without feeder cells. 
Using sodium bisulfite sequencing, we demonstrated that the CpG islands of the 
Nanog and Oct-4 promoters were hypomethylated in cells cultured on hAECs. In 
addition, mouse SSCs cultured on hAECs exhibited higher levels of histone H3 
acetylation and H3K4 trimethylation in the Nanog and Oct-4 promoters than those 
cultured on MEFs or without feeder cells. Taken together, these results suggest that 
the hAEC-induced epigenetic modifications at the Nanog and Oct-4 locus could be a 
key mechanism for maintaining mouse SSCs in an undifferentiated, proliferative state 
capable of self-renewal. 

Previous studies indicated that trimethylation of H3K4 was associated with active
ly transcribed genes, while trimethylation at H3K27 was associated with gene silenc
ing [4,21,26]. The Nanog and Oct-4 genes are key molecules in maintaining pluripo
tency of ESCs; they are co-expressed in developmental stage- and cell type-specific 
manners. Previous research revealed that histones 3 and 4 were highly acetylated, and 
H3K4 hypermethylated at the tissue-dependent differentially methylated regions 
(T-DMRs) ofthe Nanog gene in mouse ESCs [15]. Furthermore, H3K9 and H3K27 
were hypermethylated at either the Oct-4 or Nanog locus in the trophoblast stern cells 
derived from the inner cell mass [15]. 

Future studies will be needed to determine whether important stern cell genes 
(especially transcription factors), other than Nanog and Oct-4, are regulated in a 
similar manner in this culture system, or if other hAEC-specific mechanisms also 
have an active role in the maintenance of stern cell pluripotency. As it stands, hAECs 
are a promising source of feeder cells for the efficient culture of mouse SSCs. 
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