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Polycystic ovary syndrome (PCOS), which is characterized by v ¥y mn P S Ps i n , 1 h 1d 0 prgVﬂ h fir_ din
. . . . . f ‘S t l I’t
anovulation, hyperandrogenism, and polycystic ovaries, is a complex r tm Ilt ’ gt 11 n r d‘ 51 "
endocrinopathy. Because the cause of PCOS at the molecular level is ? t 'ﬁ h 41f ﬁ’l t1n }t 112 x r 1
largely unknown, there is no cure or specific treatment for PCOS. “ P 1 1 ’ Pty Pﬂ]ﬁ E - Ps)

Here, we show that transplantation of brown adipose tissue (BAT) “ﬁ;ﬁ y m 'ﬁrtﬂ of Pa o nimar %‘ lin- tV
reversed anovulation, hyperandrogenism, and polycystic ovaries in a i m h “m rmlfn ' P‘le;t n wh .nglh h
dehydroepiandrosterone (DHEA)-induced PCOS rat. BAT transplanta- 'y. ‘g ' l T Sn ‘i it ﬁ ‘y m, 4 1 i Fr. H:S
tion into a PCOS rat significantly stabilized menstrual irregularity and (10) 1 t rm n r

improved systemic insulin sensitivity up to a normal level, which was W N

not shown in a sham-operated or muscle-transplanted PCOS rat. h Sﬁ) n ero .$ t ltlﬁ S I];‘} rlrbl, llmﬁnim.l 11ﬁﬁl -

Moreover, BAT transplantation, not sham operation or muscle trans- ‘TS nt vV n h b tn t f » 2 ( ]91 1 I H nl‘?

plantation, surprisingly improved fertility in PCOS rats. Interestingly, , {, ; m’ mm 1 n} 1n]>’ w. g ?ﬁ Wi h
S.

BAT transplantation activated endogenous BAT and thereby in- t @ %ﬁ n ,,tnlk Whl (W AT If er Wn ‘SS

creased the circulating level of adiponectin, which plays a prominent \xf Al J- T hm in¥ n /Al 1 X g
role in whole-body energy metabolism and ovarian physiology. Con- n Y in formaof r ]y Wh I B A . n ¢in
sistent with BAT transplantation, administration of adiponectin pro- |, “ ¥ msr o f mi ’ he h u nat w1 Ig met nt o f
tein dramatically rescued DHEA-induced PCOS phenotypes. These % forn Sg n sl h m Sln nn §sf dY mp r -
results highlight that endogenous BAT activity is closely related to Y r_ (13). iz 4 I f &u 1§ n ogﬁpgr plY
the development of PCOS phenotypes and that BAT activation might EP E ) h m; nFEr d h ¢ nm -
be a promising therapeutic option for the treatment of PCOS. Al 1y Y BA E4 fS) g ¢ BAT Y wpiy r ¥
arr 1 'i (M)@é)Thr ﬁr,
brown adipose tissue | transplantation | ameliorates | PCOS | adiponectin inr sﬁfg B /Or n 1‘ n 1 pr® ml Iy &t gY {
S . S . S POy
IAMERE 37 (* AS)SI PV agniz¥ anof | Sionificance
th Ommbn 11;'0 rin i W%m nafr po-
du v Ty wV of ¥ ‘gS 1 fom 9% o 18%, In the current study, we show that brown adipose tissue (BAT)
%fl an . h ri ri u °d bri 1 d fini is hpi iy (1, activity is dramatically reduced in a dehydroepiandroster-
2). s ftu r Lf P Sin }1 » yty i av rtl , I - one (DHEA)-induced polycystic ovary syndrome (PCOS) rat when
) nl m, If hre ni vu ] snFPrh im. r.® Si compared with a normal control rat. Importantly, the key fea-
SS d - . - q
»m n M y mm 2+ Y 1 2 i tures of PCOS (such as insulin resistance and irregular estrous
w1 h lyghrlsk i 1§ pm n 8 fmﬁ llnr kl g/ cycle) are alleviated after BAT transplantation. Mechanisti-
( 2‘) .1 1%’ dy llpf rhi If E cally, transplanted BAT enhances endogenous BAT activity
5 lff{ n ri ri u d ﬂr h and thereby increases the circulating adiponectin level, which
wi » t)p If rﬂt nx tul v 1,1 'n, was lower in both the PCOS patient and PCOS rat model. Fur-
y VY ppor n s r M If f r tid » hr thermore, exogenous adiponectin protein administration reca-
u’ t f 14 P r nl m A W 1 #n (6). B ngu pitulates beneficial effects from BAT transplantation in a PCOS
Si 1 ],1‘ f ,rgis nﬁ i . 1y ,u n ﬁr of h rat. Taken together, these data highlight the important role of
lini 1 tf u in F dS h‘ 1 of f ‘§ Pl t % BAT in the development of PCOS and that BAT-induced adipo-
u P g 1 s nectin might open up a new way in the treatment of PCOS
m Wn, rl 1* imnm n 1 ar mYy on- ght op p y :
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Fig. 1. BAT transplantation reverses PCOS BAT activity. BAT activity was assessed at the end of the experiment (3 wk after tissue transplantation) by using
PET-CT. BAT transplantation could significantly increase endogenous BAT activity in the DHEA+BAT group compared with the DHEA+sham or DHEA+Mus
groups (A). Yellow triangle indicates the anatomical site of the interscapular BAT. The activity of brown adipose tissue, expressed as the standard uptake
values (SUVs), dramatically decreased in the DHEA+sham and DHEA+Mus groups compared with the control and BAT transplantation groups (B). Fur-
thermore, BAT transplantation could significantly increase BAT-specific marker gene expression (C) and OXPHOS protein expression (D), as well as UCP1
expression (E), compared with the DHEA+sham or DHEA+Mus groups. Data were analyzed by one-way ANOVA with Tukey’s post hoc test. n = 8-10 per
group. Different lowercase letters indicate significant differences among groups (One-way ANOVA, with Tukey’s post hoc test, P < 0.05).
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Fig. 2. BAT transplantation reverses PCOS metabolic abnormality. An infrared thermal image demonstrates that cold exposure significantly reduced
body temperature of the DHEA+sham and DHEA+Mus groups whereas BAT transplantation significantly reversed DHEA-induced body temperature
reduction (A and B). In addition, BAT transplantation significantly increased whole-body energy expenditure compared with the DHEA+sham or
DHEA+Mus groups (C and D). Moreover, results from a glucose tolerance test (E) and insulin tolerance test (F) showed that BAT transplantation
significantly reversed DHEA-induced glucose intolerance. Data were analyzed by one-way ANOVA with Tukey’s post hoc test. n = 8-10 per group.
(A and B) P < 0.05. Different lowercase letters indicate significant differences among groups (One-way ANOVA, with Tukey'’s post hoc test, P < 0.05).

20f6 www.pnas.org/cgi/doi/10.1073/pnas.1523236113 Yuan et al.


www.pnas.org/cgi/doi/10.1073/pnas.1523236113

PNAS

ths’

Ifhrmn

Hﬂ‘n

(o

Wof B S n h Yrrn Sudy
Nl T QW do iy
EA) ( rlrof Jrog n)-


http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1523236113/-/DCSupplemental/pnas.201523236SI.pdf?targetid=nameddest=STXT
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1523236113/-/DCSupplemental/pnas.201523236SI.pdf?targetid=nameddest=SF1

/

1\

=y
!
o

A Control +AdipoQ B

DHEA

= Control C
= DHEA+vehicle
® DHEA+AdipoQ

Control DHEA

i

+AdipoQ |

%

Fig. 4. Adiponectin recapitulates the beneficial effects of BAT transplantation. Adiponectin treatment could significantly increase endogenous BAT activity compared
with DHEA groups as evidenced by PET-CT (A and B). Moreover, Infrared thermal images demonstrated that adiponectin treatment significantly reversed DHEA-
mediated body temperature reduction (C and D). A glucose tolerance test (E) and insulin tolerance test (F) showed that adiponectin treatment significantly improved
DHEA -induced insulin resistance (inner graph indicating area under the curve of GTT and ITT, respectively). Data were analyzed by one-way ANOVA with Tukey’s post
hoc test; n = 6 per group. Different lowercase letters indicate significant differences among groups (One-way ANOVA, with Tukey’s post hoc test, P < 0.05).
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