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Abstract Zinc finger in the cerebellum 1 (Zicl) is known
to regulate neurogenesis and myogenesis in the develop-
mental stage and widely used as one of the brown adipo-
cyte-specific markers. In this study, we examined the effect
of Zicl on brown adipogenesis. Overexpression of Zicl
attenuated the lipid accumulation and the expressions of
PPARy2 and C/EBPo in C3H,¢T;, mesenchymal stem
cells. The mRNA levels of BAT-specific thermogenic ge-
nes (PRDM16, PGC-1a and UCPI) and fatty acid oxida-
tion regulatory genes (PPARx, CPTlx, CPTIf and
COX70l) were suppressed in Zicl-overexpressed cells.
Moreover, overexpression of Zicl reduced the mitochon-
drial oxidative phosphorylation (OXPHOS) regulatory
proteins including ATP5a, UQCRC2, SDHB and
NDUFBS. These results indicate a potential role of Zicl in
the regulation of brown adipogenesis via inhibiting adi-

pogenesis, fatty acid oxidation and mitochondrial
OXPHOS.
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Human and small mammals have mainly two different types
of fat tissue, white adipose tissue (WAT) and brown adipose
tissue (BAT) [1]. BAT arises from progenitor cell that
shares common myogenic transcriptional signatures such as
Myf5 and Pax7 [2-4]. PRDI-BF-1-RIZ1 homologous
domain 16 (PRDM16) and CCAAT/enhancer-binding pro-
tein-B (C/EBPf) complexes that induce the expression of
peroxisome proliferator-activated receptor y (PPARYy) and
peroxisome proliferator-activated receptor-y coactivator-1
(PGC-1), key regulators of the brown fat programming, are
responsible for the differentiation of brown adipocyte from
myoblast [2, 5]. As a third type of adipocyte, brown-in-
white (brite)/beige cells are recruited in WAT by cold ex-
posure or Bs-adrenoceptor agonist treatment and they ex-
press uncoupling protein-1 (UCPI), one of the specific
markers of brown adipocyte [6]. Brite/beige cell derives
from PDGFRo"CD34%Scal™ precursor cell rather than
Myf5-positive myoblast [3, 7], but its gene signatures have a
similarity with those of classical BAT [8]. Recently, zinc
finger in the cerebellum 1 (Zic/) is reported as one of the
brown adipocyte markers [9], since its expression is re-
stricted specifically in BAT, not in WAT or brite/beige cell
[10]. In addition, Zicl overexpression induces upregulation
of Myf5, the myogenic master regulator, in C3H;¢T/, cells
with Gli-dependent manner [11]. The function of Zicl in
brown adipocytes, however, has not been well studied.
Given that BAT derives from Myf5-positive progenitors and
expresses ZicI which control Myf5 expression, we hy-
pothesized that Zic/ may regulate brown adipogenesis. To
investigate the functional role of Zic/ in brown adipocyte,
we overexpress Zicl in C3H;oT;,, mesenchymal stem cells
and then induce differentiation in vitro.

To compare the expression level of Zic! in adipose tissues,
we first analyzed the Zic/ mRNA expression in two different
WATSs, epididymal fat and inguinal fat, and BAT from
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8 weeks of age C57BL/6J mice fed with normal diet. All mice
would be sacrificed by cervical dislocation before sampling
and every experiment about animal were performed in ac-
cordance with the Institute for Laboratory Animal Research
Guide for the Care and Use of Laboratory Animals and have
received approval from the Ethical Review Board (Institute of
Zoology, Beijing, China). The level of Zicl was highly
elevated in BAT compared with that in WATSs (Fig. 1a). This
result supported the previous report that Zic/ expression is
restricted in BAT than in WAT [10], which suggests a po-
tential role of Zicl in brown adipogenesis. To test this hy-
pothesis, C3H;oTy, cells underwent brown adipocyte
differentiation after infection with a lentiviral system ex-
pressing Zicl or control vector. Zicl expression was
upregulated by 8 folds compared with the control group at day
3 post-viral transduction (Fig. 1b). Interestingly, Oil Red O
assay demonstrated a markedly reduced lipid accumulation in
fully differentiated brown adipocytes with overexpressed Zic/
(Fig 1c, d), suggesting that Zic/ may negatively regulate
brown adipogenesis. We then evaluated the effects of Zic/ on
the expression of genes that control adipogenesis. As shown in
Fig. 2a, Zicl overexpression dramatically decreased the ex-
pressions of PPARy2 and C/EBPa, the two key adipogenic
factors. By contrast, the early adipogenic marker, C/EBPf,
was modest but significantly upregulated. In addition, Zic/
overexpression markedly suppressed the expression of genes
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that regulates fatty acid oxidation, such as PPARu, carnitine
palmitoyltransferase 1o (CPTIo), CPTIf and COX7ol
(Fig. 2b). These results indicate that Zic/ might suppress
brown adipogenesis by inhibiting the expression of genes
regulating adipogenesis and fatty acid oxidation. Additional-
ly, BAT-specific thermogenic gene, UCP1, was decreased by
Zicl overexpression (Fig. 2c¢). The high number of mito-
chondriais akey feature of BAT. Itis well known that PGC- I«
and PRDM 16 are key molecules that regulate mitochondria
biogenesis [12]. The inhibitive effect of Zic/ on mitochondria
biogenesis (Fig. 2¢) led us to further investigate whether Zic!
has an impact on mitochondrial oxidative phosphorylation
(OXPHOS). Consistent with mRNA levels, the protein level
of Zicl was increased 7.1-fold than that of control (Fig. 2d).
Along with the significant reduction in protein levels of
PPARY2 and PGC-1a (Fig 2d, e), Zicl overexpression also
significantly decreased the levels of four mitochondrial
OXPHOS proteins (ATP5a, UQCRC2, SDHB and NDUFBS)
(Fig 2d, f) (Supporting information Materials and methods).
Although Zicl was reported previously as one of the BAT-
specific markers [9, 10], little is known about its function in
brown adipogenesis. We showed that Zic/ overexpression
unexpectedly prevented lipid accumulation in C3H; T, cells
after differentiation (Fig. 1). PPARy and C/EBPu., two major
transcriptional factors involved in adipogenesis, interact each
other to commit adipocyte differentiation [13]. In addition to
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Fig. 1 a The relative expression of Zic/ mRNA in epididymal fat (Epi. Fat), inguinal fat (Ing. fat) and BAT from 8 weeks of age C57BL/6J mice
is analyzed. The relative ratio of Epi. fat is arbitrarily presented as 1. Bars represent the means + SD (n = 3). Zicl overexpression suppresses
lipid accumulation in C3H;oT;, cells, b Zicl mRNA expression at 3 days after viral infection. The relative ratio of control is arbitrarily presented
as 1. Bars represent the means £ SD (n = 4). *P < 0.05, **P < 0.01, ***P < 0.001 versus the relative ratio of control, ¢ a representative image
of fully differentiated C3H;¢T;/, cells in 6-well dish after Oil Red O staining, d A representative image of Oil Red O stained C3H;(T;,, cells

under microscope with x20
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Fig. 2 a The relative expression of adipogenesis regulatory genes, b fatty acid oxidation regulatory genes and ¢ BAT-specific genes after Zic/
overexpression were shown, d Zic/ overexpression decreases protein levels of PPARY2, PGC-1a and OXPHOS, and e, f densitometric analyses
are presented as the relative ratios of each protein to total GAPDH. The relative ratio of control is arbitrarily presented as 1. Bars represent the
means £ SD (n = 4). *P < 0.05, **P < 0.01, ***P < 0.001 versus the relative ratio of control

PPARy2 and C/EBPf, PRDM 16 determines brown adipocyte
phenotype and regulates adaptive thermogenesis and fatty
acid oxidation by coactivating PGC-1o, UCPI and PPARo. [3,
14]. Interestingly, our current study demonstrated that both
PRDM 16 and PGC-1a were downregulated by Zicl overex-
pression in fully differentiated brown adipocytes (Fig. 2c). In
parallel, the expression of fatty acid oxidation related genes
such as PPARwa, CPTloa, CPTIf, COX7x1 (Fig. 2b) and
OXPHOS-related proteins were significantly decreased by
Zicl overexpression (Fig 2d). Collectively, these results
suggest that the downregulations of PGC-Io and its down-
stream molecules, UCPI and PPARu, are possibly mediated
by PRDM 16 and/or PPARy2 rather than C/EBPJ after Zicl
overexpression, resulting in the impairments of fatty acid
oxidation, mitochondria biogenesis and eventually thermo-
genesis in brown adipocytes.
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