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MED12 Regulates Human Adipose-Derived Stem Cell
Adipogenesis and Mediator Kinase Subunit Expression

in Murine Adipose Depots

Sree Venigalla,1 Joseph Straub,1 Onyekachi Idigo,1 Caroline Rinderle,1

Jacqueline M. Stephens,2 and Jamie J. Newman1

The mediator kinase module plays a critical role in the regulation of transcription during metabolic processes.
Here we demonstrate that in human adipose-derived stem cells (hASCs), kinase module subunits have distinct
mRNA and protein expression profiles during different stages of adipogenesis. In addition, siRNA-mediated
loss of MED12 results in decreased adipogenesis as evident through decreased lipid accumulation and decreased
expression of PPARg, a master regulator of adipogenesis. Moreover, the decrease in adipogenesis and reduced
PPARg expression are observed only during the early stages of MED12 knockdown. At later stages, knockdown
of MED12 did not have any significant effects on adipogenesis or PPARg expression. We also observed that
MED12 was present in a protein complex with PPARg and C/EBPa during all stages of adipogenesis in hASCs.
In 3T3-L1 preadipocytes and adipocytes, MED12 is present in protein complexes with PPARg1, C/EBPa, and
STAT5A. CDK8, another member of the kinase module, was only found to interact with C/EBPa. We found
that the expression of all kinase module subunits decreased in inguinal, gonadal, and retroperitoneal white
adipose tissue (WAT) depots in the fed state after an overnight fast, whereas the expression of kinase module
subunits remained consistent in mesenteric WAT (mWAT) and brown adipose tissue. These data demonstrate
that the kinase module undergoes physiologic regulation during fasting and feeding in specific mouse adipose
tissue depots, and that MED12 likely plays a specific role in initiating and maintaining adipogenesis.

Keywords: hASCs, kinase module, mediator complex, MED12, adipogenesis

Introduction

Obesity is a global epidemic that results in insulin
resistance, type 2 diabetes mellitus (T2DM), cardio-

vascular diseases (CVD), metabolic disorders, and certain
types of cancers. Obesity is characterized by excess body fat
accumulation in adipose tissue that affects the overall health
of an individual [1–3]. To better understand how obesity
contributes to metabolic disorders and identify potential ther-
apeutic targets, further investigation is needed to elucidate
the mechanistic processes that regulate adipogenesis.

In mammals, adipose tissue exists in two main types:
brown and white. Brown adipose tissue (BAT) specializes in
heat production by exerting its thermogenic function mainly

in newborns [4,5]. White adipose tissue (WAT) is most abun-
dant and is responsible for lipid storage distributed as sub-
cutaneous and visceral WAT depots. WAT is linked to
metabolic disorders including T2DM and CVD [6–9].

Aberrant adipogenesis is characterized by impaired secre-
tion of various adipokines and results in insulin resistance
and an increased risk for T2DM [10,11]. Adipogenesis is
the process by which preadipocytes differentiate into mature
adipocytes. Adipogenesis is regulated by an elaborate net-
work of transcription factors, of which PPARg and C/EBPa
are considered master regulators [12–17].

Mediator is a large evolutionarily conserved multipro-
tein complex that functions as a bridge between RNA poly-
merase II and cell type-specific transcription factors. The
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mediator complex is grouped into four modules: head,
middle, tail, and kinase. The mediator kinase module is
composed of four subunits, three of which have mutually
exclusive paralogs: MED12/L, MED13/L, CDK8/19, and
Cyclin C (CCNC) [18–21].

Of these, MED12 stands out as a unique subunit. MED12 has
been associated with many cancers, including uterine leio-
myomas, fibroadenomas, chronic lymphocytic leukemia, and
malignant phyllodes tumors, where mutations in MED12 ap-
pear to be most associated with the role of MED12 in activating
the kinase activity of CDK8/19 [20,21–23]. MED12 has been
found to associate with superenhancers, interact with NANOG,
SOX2, and PRC1 in pluripotent stem cells, interact with Wnt/b-
Catenin, maintain HSC viability, and interact with SOX10 in
glial cells [24–28]. These studies suggest that MED12 is an
indispensable component in the regulation of stem cell state.

The kinase module is also involved in metabolism and
adipogenesis. The CDK8/CCNC dimer negatively regulates
de novo lipogenesis by promoting nuclear SREBP1c protein
degradation in mouse liver [29]. In addition, using glycerol
gradient fractionation it was shown that the kinase module
undergoes dissociation and degradation upon nutrient sig-
naling in mouse livers [30]. However, it remains unclear
whether the kinase module subunits are dissociated and
degraded in adipose tissue.

In this study, we demonstrate the differential expression
of kinase module subunits during adipogenesis of human
adipose-derived stem cells (hASCs) and observed that MED12
expression contributes to adipogenesis through PPARg
expression. We also observed the reduced expression of
kinase module subunits with refeeding in several mouse adi-
pose tissue depots. This discovery of fluctuations in expres-
sion and novel interactions between MED12 and adipogenic
transcription factors advances our understanding of the role
of MED12 during adipogenesis and introduces mechanisms
of crosstalk between transcription regulation and differen-
tiation, creating the possibility for identifying novel thera-
peutic targets against obesity and its related diseases.

Materials and Methods

In vitro studies using hASCs

Cell culture. hASCs (cell lines 71101, 70926, and 412
purchased from Obatala, Inc.) were cultured in complete cul-
ture medium containing aMEM 1 · (Cat No. 12561049; Life
Technologies), 16.5% fetal bovine serum (Cat No. S11550;

Atlanta Biologicals), 1% l-glutamine 200 mM (100 · ) (Cat
No. 25030-081; Gibco), and 1% penicillin streptomycin (Cat
No. 15140122; Life Technologies). Cells were incubated
at 37�C at 5% CO2 and medium was changed every 48 h.

siRNA transfection. hASCs were cultured to 30%–50%
confluency and transfected with negative control (Cat No.
4390843; Thermo Scientific) and MED12-specific siRNA
(5 nmol/mL) (Cat No. s19364; Thermo Fisher Scientific)
using Lipofectamine RNAiMAX reagent (Cat No. 13778075;
Life Technologies) following manufacturer’s protocol.

Inducing adipogenesis. Adipogenesis was induced in cells
once they reached 80% confluency through the addition of
AdipoQual (LaCell LLC LaADM-500) medium. Medium
was changed every 72 h.

Oil Red O staining. Oil Red O stock solution was pre-
pared using 0.5 g of solid Oil Red O (Cat No. 11411–412;
VWR) and 100 mL of 100% isopropanol. Working solution
was prepared using three parts of Oil Red O stock solution
per two parts of distilled water, filtered through a 0.22mm
syringe filter (Cat No. 229747; CELLTREAT). Cells were
fixed using a 10% formalin solution and incubated at room
temperature for 15 min. Oil Red O was added to fixed cells
and incubated for 20 min at room temperature. The cells were
imaged using a Cytation 5 BioTek Plate Reader.

RNA extraction and cDNA synthesis. RNA was collected
using TRIzol reagent (Cat No. 15596018; Ambion). RNA
was extracted following the manufacturer’s protocol and
quantified using a Take3 plate on a Cytation 5 BioTek Plate
Reader. qScript cDNA Supermix (Cat No. 95048-100;
VWR) was used to synthesize cDNA using 1 mg of RNA
following manufacturer’s protocol.

Quantitative reverse transcriptase-PCR. Quantitative re-
verse transcriptase PCR (qRT-PCR) was performed in tech-
nical triplicates using PowerUp SYBR Green Master Mix
(CatNo. A25742; Thermo Fisher Scientific), primers, and
1 mL of cDNA. The reaction was run using a StepOnePlus
Applied Biosystems machine standard quantitation experi-
ment. The data were plotted in Excel using DD CT. The
primer sequences used are listed in Table 1.

Protein extraction and quantification. Cells were collected
using RIPA buffer (Cat No. ab156034; Abcam) with phos-
phatase and protease inhibitors (Cat No. 88666; Thermo).
The cells were agitated for 30 min at 4�C and centrifuged at
4�C (14,000 g for 20 min). Protein samples were quantified
using Bradford assay (Cat No. 5000006; Bio-Rad).

Western blot. Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) was performed using a Mini

Table 1. List of Primer Sequences Used for qRT-PCR

Gene Forward sequence (5¢–3¢) Reverse sequence (3¢–5¢) Size (bp)

gapdh CCCCACTTGATTTTGGAGGGA AGGGCTGCTTTTAACTCTGGT 206
med12 CGAAAAGGGACAGCAGAAAC CCCATCCTCCCCACCTAAGA 87
med13 TGTCCTGCTCCTTCACCTTTT GGCATAAGATAACTTGAAATGGGCT 150
ccnc GCTGATTTGATCGAGGAGCG ATCCATTGCAAATAGTGGGAGC 148
cdk8 GCCAAGAGGAAAGATGGGAAGG GCCGACATAGAGATCCCAGTT 77
pparc GCTGTTATGGGTGAAACTCTG ATAAGGTGGAGATGCAGGTTC 151
c/ebpa TATAGGCTGGGCTTCCCCTT AGCTTTCTGGTGTGACTCGG 94
tubulin1-a CCAGGGCTTCTTGGTTTTCC CGCTCAATGTCGAGGTTTCT 167
srebp1c CTCTTGAAGCCTTCCTGAG GCACTGACTCTTCCTTGAT 138

qRT-PCR, quantitative reverse transcriptase-PCR.
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PROTEAN TGX�. Samples (50–100mg) were loaded in an
SDS-PAGE gel (Cat No. 4561084; Bio-Rad). Proteins were
transferred using transblot Turbo� PVDF transfer pack (Cat
No. 88518; Thermo scientific). Membranes were blocked
in 5% milk for 2 h in 1 · TBS with 0.1% Tween, probed
overnight at 4�C with target primary antibody (Table 2),
washed five times, and probed with secondary antibody
(1:10,000). The blots were developed and visualized with
enhanced chemiluminescent substrate (ECL) and chemilu-
minescence (Cat No. 1705060; Bio-Rad).

Co-IP assay. Protein was collected as already described
but by using IP lysis buffer. The collected protein was
agitated for 5 min at 4�C and centrifuged at 13,000 g for
10 min. The supernatant was collected and quantified using
Bradford assay. Coimmunoprecipitations (Co-IPs) were
performed using the Pierce Crosslink Magnetic IP/Co-IP kit
following the manufacturer’s protocol (Cat No. 88805;
Thermo Fisher Scientific). Five microliters of polyclonal
antibody was used per 200 mg of lysate. Collected elution
and unbound lysates were used for western blot.

Statistical analysis

Data are presented as the mean – standard error of the
mean. Graphs were generated using Student’s t-test with
P < 0.05 considered statistically significant.

Mouse studies

All regulations of the institutional animal care and use
committee at Pennington Biomedical Research Center were
strictly followed. All animal procedures were approved by
the Institutional Animal Care and Use Committee at Pen-
nington Biomedical Research Center under protocol number
977, which was approved on October 31, 2016.

Animals. Fourteen-week-old female mice (strain: C57BL6/
J) were used for fasting and feeding experiments. Mice were
provided 5015 mouse chow. For fasting and feeding experi-
ments, the mice in the fasting group (n = 3) were fasted over-
night for 14 h and sacrificed the next morning, whereas mice in
the fed group (n = 3) were provided with food 4 h after 14 h of
overnight fasting and were sacrificed after feeding.

Protein extraction and immunoblotting. Fresh mouse fat
depot tissues were cut and frozen immediately in liquid nitro-
gen. The tissues were homogenized in IP buffer for 5–10 s and
immediately placed on ice. After centrifugation at 20,000 g for
20 min at 4�C, the resulting supernatants were quantified using
bicinchoninic acid assay (Cat No. BCA1; Sigma-Aldrich).
Equal amounts of protein samples (50mg) were separated on 5%

and 12% SDS gels (acrylamide Cat No. EC-890; National Di-
agnostics) and transferred to nitrocellulose membrane (Cat No.
162-0115). Antibodies used are listed in Table 2.

Immunoprecipitation assay. 3T3-L1 mouse preadipocytes
(originally obtained from Howard Green laboratory at Harvard
Medical School) were cultured using cell culture medium
(DMEM-Cat No. D5030; Sigma-Aldrich with 10% bovine calf
serum Cat No. 16030074; Thermo Scientific). Cells were in-
duced to differentiate using a standard MDI induction cocktail
of 0.5 mM 3-isobutyl-1-methylxanthine (MIX), 1mM dexa-
methasone, and 1.7mM insulin in DMEM containing 10% fetal
bovine serum (Cat No. A31605; Thermoscientific).

Cell cultures were collected at stages of preadipocytes
and mature adipocytes by adding IP buffer, and a mixture
of protease and phosphatase inhibitors was added to the
collected protein samples. After centrifugation at 13,000 g
for 10 min at 4�C, the resulting supernatants were quantified
using BCA analysis and 200 mg of protein was used for
immunoprecipitation. Twenty-five microliters of bead slurry
(Protein A/G Plus-Agarose, Cat No. sc-2003; Santa Cruz
Biotechnology) was added to protein and rocked for 1 h in
the cold room and was spun at 12,000 rpm for 1 min.

Five micrograms of the appropriate polyclonal antibody
was added to each sample and incubated on the rocker in the
cold room for 1 h or overnight. After the incubation, samples
were centrifuged for 1–3 min at 16,000 g. Beads were then
washed with 1 mL of cold IP buffer and centrifuged for 1–
3 min at 11,000 g. A sample of whole cell lysate and an
IP buffer with no cell lysate were used as negative control to
ensure that there was no unspecific binding.

Results

Expression of mediator kinase module subunits
fluctuates during adipogenesis

To investigate the potential role of the mediator kinase
module in adipogenesis, we examined the gene and protein
expression profiles for each of the four subunits in hASCs in-
duced to undergo adipogenesis. Cells were stained using Oil
Red O (Fig. 1A) and differentiation was further confirmed
through expression of adipogenic markers C/EBPa, PPARg,
and SREBP1C (Fig. 1B, D). We monitored the transcript levels
of the kinase module subunits MED12, MED13, CDK8, and
CCNC throughout differentiation and noticed varying levels of
each subunit at different times during adipogenesis (Fig. 1C).

The expression of med12 and ccnc followed the same trend
where expression increased from days 0 to 14 and dropped

Table 2. List of Antibodies Used for Western Blot Analysis

Antibody Size (k Da) Host species Company Catalog No. Dilution

MED12 248 Rabbit Bethyl Laboratories A300–774A 1:1,000
MED13 268 Rabbit Bethyl Laboratories A301–278A 1:1,000
CDK8 58 Rabbit Bethyl Laboratories A302–501A-M 1:1,000
CCNC 28 Rabbit Bethyl Laboratories A301–989A 1:1,000
PPARg 53, 57 Rabbit ThermoFisher/Santa Cruz Biotechnology PA3-821A/SC7273 1:500/1:100
C/EBPa 30 and 42 Rabbit ThermoFisher/Abcam PA1-337/Ab15048 1:1,000
GAPDH 37 Rabbit Abcam Ab9485 1:3,000
a-Tubulin 58 Rabbit Cell Signaling 2144S 1:2,000
STAT5A 92 Rabbit Abcam Ab32043 1:1,000
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FIG. 1. Expression levels of kinase module subunits fluctuate during hASC adipogenesis. Cultured hASCs were differ-
entiated into adipocytes and collected at different time points (n = 3). (A) Phase contrast microscopy and Oil Red O staining
color images of adipogenic differentiation of hASCs at days 0, 3, 7, 14, and 21. Stained lipid droplets are shown with arrows. (B,
C) qRT-PCR of adipogenic genes ( pparc, c/ebpa, and srebp1c) and kinase module subunits (med12, med13, cdk8, and ccnc) at
days 0, 7, 14, and 21 of adipogenesis. P values were determined by Student’s t-test (N = 3, *P < 0.05, **P < 0.01). Values are the
mean – SEM. (D) Representative western blotting images of adipogenic regulators (PPARg, C/EBPa, and SREBP1c) and kinase
module subunits (MED12, MED13, CDK8, and CCNC) at days 0, 7, 14, and 21 of adipogenesis. hASC, human adipose-derived
stem cells; qRT-PCR, quantitative reverse transcriptase-PCR; SEM, standard error of the mean.

122



FIG. 2. Knockdown of MED12 does not affect hASC self-renewal. (A) Evaluation of med12 transcript after the
knockdown of MED12 in hASCs using qRT-PCR in hASCs (N = 3, *P < 0.05). Values are the mean – SEM. (B) Evaluation
of MED12 protein after the knockdown of MED12 in hASCs. The graph indicates the protein level quantification using
ImageJ, and the relative abundance of each band was normalized to GAPDH. (C) AlamarBlue assay performed 72 h after
initiation of an MED12 knockdown. (D, E) Live/dead staining and DAPI/Phalloidin staining of cultured hASCs after 72 h
after the initiation of a MED12 knockdown, respectively.

‰

FIG. 3. Knockdown of MED12 affects adipogenesis of hASCs. (A) Evaluation of med12 transcript during adipogenesis
after the knockdown of MED12 in hASCs at days 3, 7, and 14 of adipogenesis using qRT-PCR (N = 3, *P < 0.05). Values are
the mean – SEM. (B) Evaluation of MED12 protein after the knockdown of MED12 during adipogenesis after the
knockdown of MED12 at days 3, 7, and 14 of adipogenesis in hASCs using western blot. The graph indicates the protein
level quantification using ImageJ and the relative abundance of each band was normalized to GAPDH. (C) Phase contrast
microscopy and Oil Red O staining color images of adipogenic differentiation of hASCs at days 3, 7, and 14. Stained lipid
droplets are shown with arrows. (D) Evaluation of adipogenic marker pparc transcript during adipogenesis after the
knockdown of MED12 in hASCs at days 3, 7, and 14 using qRT-PCR. (N = 3, *P < 0.05). Values are the mean – SEM. (E)
Evaluation of PPARg protein expression at days 3, 7, and 14 of adipogenesis after the knockdown of MED12 in hASCs
using western blot. The graph indicates the protein level quantification using ImageJ and the relative abundance of each
band was normalized to GAPDH. (F) Evaluation of med13, ccnc, and cdk8 transcript, respectively, during adipogenesis
after the knockdown of MED12 knockdown at days 3, 7, and 14 (N = 3, *P < 0.05). Values are the mean – SEM. (G)
Evaluation of MED13, CDK8, and CCNC protein expression at days 3, 7, and 14 of adipogenesis after MED12 knockdown
using western blot.
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21 days after the induction of adipogenesis. The expression of
med13 increased consistently from days 0 to 21, whereas the
expression of cdk8 dropped at day 7 then increased at days 14
and 21. In contrast, the protein levels of MED12, CDK8, and
CCNC demonstrated a distinctive pattern throughout the pro-
gression of adipogenesis, where expression decreases during
the middle stage and increases again during the late stage of
adipogenesis, whereas MED13 expression steadily increased
throughout the 21-day period (Fig. 1D).

MED12 knockdown does not affect hASC survival
and proliferation

Given the increased expression of MED12 as compared
with the other subunits, we next sought to determine the role
of MED12 in adipogenesis. Initially, hASCs were trans-
fected and incubated with MED12-specific siRNA for 72 h
under self-renewing conditions to assess the influence of the
knockdown on cell proliferation and viability. Knockdown
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was validated by examining transcript and protein (Fig. 2A, B)
and metabolic activity and proliferation were monitored using
alamarBlue assays and cell staining, respectively.

The alamarBlue assay showed a slight decrease in the rate
of proliferation of hASCs after the knockdown of Med12
but no significant difference between negative control and
MED12 siRNA-treated cells (Fig. 2C). A live/dead assay
and a study of morphology using DAPI/Phalloidin staining,
both demonstrated no significant difference between nega-
tive control and MED12 knockdown cells (Fig. 2D, E).

Knockdown of MED12 leads to decreased
adipogenesis of hASCs

Given the knockdown efficiency and the minimal impact of
the MED12 knockdown on hASC viability and proliferation,
we aimed to characterize hASCs undergoing adipogenesis after
a MED12 knockdown. Cells were transfected with MED12-
specific siRNA 24 h before inducing adipogenic differentiation.
Knockdown was validated using qRT-PCR (Fig. 3A) and
western blog (Fig. 3B). Adipogenesis was assessed based on

morphology, Oil Red O staining, and transcription factor pro-
files. Oil Red O staining indicated less lipid vesicle formation
after the decreased expression of MED12, which was further
confirmed by stain extraction and quantification (Fig. 3C).

To uncover additional molecular signatures related to adi-
pogenesis, we examined the expression of PPARg, a master
regulator of adipogenesis. We observed that both mRNA
and protein levels of PPARg decreased with the decreased
expression of MED12 (Fig. 3D, E), confirming the decrease
in adipogenesis.

Knockdown of MED12 impacts expression of other
kinase subunits

To determine whether knockdown of MED12 impacts the
expression of other kinase module subunits, we examined
both transcript and protein levels of MED13, CDK8, and
CCNC after the knockdown of MED12. Given the central
location of MED12 between MED13 andCDK8/CCNC in
the kinase module, the decreased expression of CDK8/
CCNC was expected in a MED12 knockdown.

FIG. 3. (Continued).

‰

FIG. 4. MED12 knockdown affects early adipogenesis. (A) Pictorial representation of the procedure of MED12
knockdown showing knockdown at different stages of adipogenesis (PD: predifferentiation, 3D: 3 days after differentiation,
and 7D: 7 days after differentiation). (B, C) qRT-PCR and western blot to validate transcript and protein levels, respec-
tively, of MED12 knockdown in groups PD, 3D, and 7D. (D) Phase contrast microscopy and Oil Red O staining color
images of groups PD, 3D, and 7D. Stained lipid droplets are shown with arrows. Graph indicates the quantification of the
stained lipid droplets performed using eluted Oil Red O stain through measuring absorbance at 510 nm. The readings were
normalized to background values of noninduced control hASCs (N = 3, *P < 0.05). (E, F) qRT-PCR and western blot
analysis of transcript and protein expression of PPARg in groups PD, 3D, and 7D, respectively. Each value represents
mean – SEM of three replicates (N = 3, *P < 0.05).
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Interestingly, qRT-PCR analysis of the MED12 knock-
down revealed a significant change in med13, cdk8, and
ccnc mRNA levels at days 3 and 7 of adipogenesis, whereas
no significant change was observed at day 14 of adipogen-
esis (Fig. 3F). When protein levels were examined, the ex-
pression of CDK8 remained unchanged, whereas MED13
and CCNC demonstrated lower expression in MED12
knockdown cells compared with negative control cells
throughout adipogenic differentiation (Fig. 3G).

MED12 is important during early adipogenesis

After observing the influence of MED12 on adipogenesis,
we examined the contribution of MED12 during distinct
stages of adipogenesis. Cells were transfected with MED12
siRNA 1-day predifferentiation (PD) as a control. Additional
samples were transfected 3 days after inducing differentia-
tion (3D), and 7 days after inducing differentiation (7D).
Cells were then collected 14 days after initiating adipogenic
differentiation (Fig. 4A). qRT-PCR and western blot were
performed to validate MED12 knockdown at all time points
(Fig. 4B, C).

Oil Red O staining and stain extraction were performed
to characterize the progression of adipogenesis (Fig. 4D).
Oil Red O staining demonstrated less lipid vesicle formation
PD and 3D, whereas cells with MED12 siRNA 7D showed
no significant change in lipid vesicle staining.

Similarly, we observed a reduction in expression of
PPARc with MED12 knockdowns performed PD and 3D,
but no significant difference of expression in cells trans-

fected with MED12 siRNA 7 days after inducing adipo-
genesis (Fig. 4E). Protein levels of PPARg followed similar
trends of reduction in cells transfected with MED12 siRNA
PD or 3 days after inducing adipogenesis, but no signifi-
cant difference upon MED12 knockdown 7D(Fig. 4F). This
interesting shift in PPARg expression upon MED12 knock-
down 7D, along with staining data, indicates a role for
MED12 during the early stages of adipogenesis.

MED12 interacts with adipogenic regulators
during adipogenesis

Given the relationship observed between MED12 knock-
down and PPARg expression, we sought to examine the
interaction between MED12 and PPARg along with other
adipogenic regulators including C/EBPa and SREBP1c. We
performed Co-IPs during the early, middle, and late stages
of adipogenesis using hASCs. As expected, the MED12 pull-
down assay revealed the presence of PPARg and C/EBPa
at all time points of adipogenesis (Fig. 5A–C). Interestingly,
MED12 interacts with SREBP1c only in the late stage
(Fig. 5D). These results demonstrate the interaction of
MED12 with transcriptional regulators of adipogenesis and
support the notion that MED12 may play a role in initiat-
ing adipogenesis as well as maintaining mature adipocytes
in vitro.

Co-IP experiments after MED12 knockdown showed
reduced PPARg levels in eluted samples, supporting the
reduction in PPARg after the decreased expression of
MED12 (Fig. 3E). In addition, no significant reduction in

FIG. 5. MED12 interacts with adipogenic regulators during adipogenesis of hASCs. (A–D) Co-IP of MED12 during
different stages of adipogenesis, days 3, 7, 14, and 21, respectively. Cell lysates are whole cell extracts of respective time
points with negative control and MED12 knockdown. Co-IP represents the elution sample obtained after MED12 Co-IP and
the unbound represents the remaining sample content that the target protein does not interact with. Co-IP, coimmuno-
precipitation assay.
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expression of C/EBPa was observed with the MED12
knockdown even though the interaction between these pro-
teins is constantly present during all stages of adipogenesis.
This suggests that MED12 might be regulating adipogenesis
through an interaction with PPARg.

Differential interaction of MED12 and CDK8
with adipogenic transcription factors in mouse
preadipocytes and mature adipocytes

The 3T3-L1 cell line is a widely used in vitro model to
study the process by which preadipocytes are differentiated

into mature adipocytes. Therefore, we sought to explore
the potential role of the mediator kinase subunits in these
murine adipocytes. The expression of the kinase module
subunits MED12, MED13, CDK8, and CCNC fluctuated
throughout 7 days of adipogenic differentiation (Fig. 6A)
supporting the observed expression profiles of kinase mod-
ule subunits during adipogenesis of hASCs (Fig. 1C).

To further explore the interactions of kinase module sub-
units with adipogenic regulators, we performed IP analysis
of MED12 and CDK8. Immunoblotting results showed that
MED12 interacts with PPARg, C/EBPa, and SREBP1C
as well as STAT5A in both preadipocytes and mature

FIG. 6. Expression and interac-
tion of kinase subunits during adi-
pogenesis in mouse 3T3L1 cells.
(A) Western blot to evaluate pro-
tein expression of kinase module
subunits MED12, MED13, CDK8,
and CCNC in cultured mouse pre-
adipocytes differentiated into
adipocytes collected at days 1
through 7. (B, C) Immuno-
precipitation analysis of MED12
and CDK8 in mouse preadipocytes
and mature adipocytes, respec-
tively. Two hundred microliters of
protein lysate collected from cul-
tured 3T3L1 mouse preadipocytes
and mature adipocytes was incu-
bated with 5mL of MED12 and
CDK8 polyclonal antibody, respec-
tively, and the precipitated im-
munocomplexes were subjected to
western blot. Whole cell lysate and
IP buffer were used as positive
and negative control, respectively.
IP elute represents the presence of
respective protein present with the
immunoprecipitation. Decreased
expression of kinase module sub-
units upon feeding after fasting in
specific mouse adipose tissue de-
pots. Fourteen-week-old female
mice were subjected to the fasting
and feeding protocol, and adipose
tissue depot extractions were per-
formed as described in Materials
and Methods section (n = 3 per
group). (D, E) Representative
western blot analysis of the medi-
ator kinase module subunits from
fasted and fed adipose tissue depots
iWAT, gWAT, rWAT, mWAT,
and BAT, respectively. BAT,
brown adipose tissue; WAT, white
adipose tissue.
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adipocytes (Fig. 6B), whereas CDK8 interacts with C/EBPa
in both preadipocytes and mature adipocytes but does not
appear to interact with PPARg and STAT5A (Fig. 6C).

Reduced expression of the kinase module subunits
in iWAT, gWAT, and rWAT

Previous studies have shown that the kinase module is
dissociated from the mediator complex and degraded fol-
lowing nutrient signals in mouse liver [30]. To determine
whether the kinase module subunits of the mediator complex
are also regulated by nutrient availability in other tissues, we
used animal models to isolate and compare the protein
levels of different fat tissue depots (iWAT, gWAT, rWAT,
mWAT, and BAT) between mice that were fasted overnight
and those that were fed for 4 h after the overnight fast.

As observed in previous studies, the mouse liver extracts
displayed reduced levels of the kinase module subunits in
the fed state. Similarly, we observed a reduction in MED12,
MED13, CDK8, and CCNC in mouse adipose tissues
iWAT, rWAT, and gWAT (Fig. 6D), whereas there was no
significant change in expression of the kinase subunits in
tissues mWAT and BAT (Fig. 6E).

Discussion

The mediator complex links a vast majority of regulated
transcription factors with the basal transcription machinery,
playing a critical role in cell type-specific gene expression.

Despite evidence for the role of MED12 in early develop-
ment and cell fate determination and its requirement in
structural integrity and function of the mediator complex
[20–22], within the context of metabolism, MED12 remains
a poorly characterized subunit. Here, we provide evidence
suggesting that the mediator kinase subunit MED12 is a
critical regulator of adipogenesis. Knockdown of MED12 in
hASCs decreased adipogenic progression, indicating a spe-
cific role in adipogenesis.

It is noteworthy that another mediator kinase subunit,
CCNC, is also identified as a novel regulator of adipogenesis
by activating C/EBPa-dependent transcription in 3T3-L1
cells [31]. As MED12 knockdown in hASCs prevented in-
duction of PPARg, we can speculate that MED12 regulates
adipogenesis through PPARg. However, unlike CCNC,
MED12 plays a role in facilitating PPARg expression, since
MED12 knockdown had no effect on expression of C/EBPa
(Fig. 5A).

To understand the stage-specific role of MED12 in
hASCs, we knocked down MED12 at early and late stages
of adipogenic differentiation. Interestingly, the knockdown
did not significantly decrease differentiation during late stages
of adipogenesis. This inability of the MED12 knockdown to
block adipocyte differentiation supports the possibility that
MED12 is required during early stages of adipogenic differ-
entiation and is supported by the overall decreased expres-
sion of MED12 during late stage of hASC adipogenesis
(Fig. 1E).

FIG. 6. (Continued).
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Other mediator subunits have been reported to play key
roles in adipogenesis during very early and late stages of
adipogenesis [17,32,33]. Therefore, it is likely that the medi-
ator complex, through different subunits, is recruited to key
transcription factors at different stages of adipogenesis and
thus regulates adipogenesis at different stages.

In mice, fasting followed by feeding resulted in reduced
expression of the kinase module subunits in certain adi-
pose tissue depots (iWAT, gWAT, and rWAT). However,
expression of kinase module subunits remains unchanged in
mWAT and BAT. Although the regulation and mechanism
of the dissociation and degradation of the kinase module
subunits remain unclear, these data, along with what is descri-
bed in recent literature, suggest that the previous identifi-
cation of size oscillation of the mediator complex through
mTORC1 activation with nutrient signaling in mouse livers
[30] might be replicated in certain adipose tissues.

Previous research provides evidence that in vivo hepa-
tic mTORC1 activation leads to the activation of lipogenic
gene expression [29,30]. However, it is yet to be determined
whether mTORC1 activation is necessary for activation of
gene expression during lipogenesis in adipose tissue. Over-
all, this study, along with growing evidence from other
studies, suggests that mediator kinase subunits function as a
control center in directing diverse metabolic processes that
may provide novel strategies to target obesity and its asso-
ciated diseases.

Conclusions

The mediator complex is an indispensable part of cell
type-specific gene regulation in hASCs. The kinase module
plays a prominent role in gene expression, and our results
point to MED12 involvement beyond cell fate determination
and into the maintenance of differentiated adipocytes. Of
note, our data, showing sufficient evidence linking MED12
and PPARg and other adipogenic regulators through protein–
protein interactions, have illuminated the possibility that
these critical regulators act in concert during adipogenesis
even into the later stages of differentiation.

In addition, the regulation of kinase subunit expression in
some WAT depots with nutrient availability indicates a possi-
ble regulation of associated metabolic pathways. Taken toge-
ther, this study suggests the possibility of MED12 promoting
and maintaining adipogenesis in vitro and the kinase module as
an important contributor to downstream metabolic responses.
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