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ABSTRACT

Mimecan encodesa secretory protein that is secretedinto the human serum as two mature proteins with
molecularmassesf 25and 12 kDa.We found 12-kDamimecanto be a novel satiety hormone mediated by the
upregulation of the expressionof interleukin (IL}m iand IL-6 in the hypothalamus.Mimecanwas found to be
expressedn human pituitary corticotroph cellsand was up-regulatedby glucocorticoids while the secretionof
adrenocorticotropichormone (ACTH)n pituitary corticotroph AtT-20 cellswas induced by mimecan.However
the effects of mimecanin adrenal tissue on the hypothalamiapituitary cadrenal (HPA)axis functions remain
unknown. We demonstratedthat the expressionof mimecanin adrenaltissuesis significantly downregulatec
by hypoglycemiaand scalced stress. It was down-regulated by ACTH,but upregulated by glucocorticoid:
through in vivo and in vitro studies. We further found that 12-kDa mimecan fused protein increasedthe
corticosterone secretion of adrenal cellsin vivo and in vitro. Interestingly, comparedto litter-mate mice, the
diurnal rhythm of corticosteronesecretionwas disrupted under basalconditions, and the responseto restraint
stresswas strongerin mimecanknockout mice. Thesefindings suggestthat mimecanstimulates corticosterone
secretionin the adrenal tissuesunder basalconditions; however, the down-regulated expressionof mimecar
by increasedACTHsecretionafter stressin adrenaltissuesmight play a role in maintaining the homeostasisof
an2 NH | yresporigedo stress.

INTRODUCTION state in which homeostasis is threatened by emotional or
physical stressors, although various physiological and

Each organism must maintain a complex dynamic behavioral adaptive responses may be restorative in this

equilibrium, otherwise known as homeostasis. Stress is a regard [1]. Exposure to streful challenges incites
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behavioral and physical changes that are normally AF100758)[9], establishing mimecan as a novel esgti
adaptive and | imited over hormoee,in adipopertissue propagated bydhe gqnaéuations ma
chance of survival. These responses must be appropriate of IL-1 b a r6dwithin lthe hypothalamufl0]. Our

in magnitude and duration; otherwise, they may have previous studies also showed that mimecan is expressed
detrimental effed on numerous physiological functions in human pituitary corticotroph cells and the AT

in an organism, leading to a state of dise=mesing mouse corticotroph cell line, and mio@ gene
disturbed homeostasis. expression in pituitary corticotroph cells is-tggulated
by glucocorticoids (GCs) in a timand dosedependent
The hypothalamimituitaryi adrenal (HPA) axis is manner [9, 11] In addition, mimecan stimulates
pivotal in the response to stress. HPA axis activation is adrenocorticotrophic hormone (ACTH) secretion in
initiated by the activation of paocellular neurons in the pituitary corticotroph AtT20 cells [12]. Because

paraventricular nucleus (PVN) of the hypothalamus and mimecan is important for the functioning of the HPA

the release of corticotropireleasing hormone (CRH) and axis, the present study was undertaken to further

arginine vasopressin (AVP) from the external zone of the explore the expression of mimecan in the adrenal glands

median eminence into the portal circulati@, 3] CRH and its effects on HPA axis functions.

acts upon the anterior pituitary, stimulating the synthesis

and secretion of adrenocorticotropic hormone (ACTH), RESULTS

which then stimulates the adrenal cortex to secrete

glucocorticoids (GC) (cortisol in humans; corticosterone ~ Mimecan is mainly expressed in theadrenal cortex

in rodents)[2, 3] A primary effect of stresinduced and medullary mesenchyme

glucocorticoid release is the inhibition of ongoing HPA

axis activation through negative feedback at the level of In this study, we first examined the distribution

the hypothalamus and pituitary and at upstream limbic of mimecan in the adrenal tissues of the C57BL/6

structures, thus inhibiting ACTH and CRH secretion  mouse using immunohistochemistry anid situ

through mneralocorticoid (MR) and glucocorticoid hybridization. As indicated by the results of

receptors (GR]2, 3] polyclonal antimimecanimmunostaining, mimecan is
expressed mainly in the adrenal cortdxigyre 11,

HPA-axis dysfunction is implicated in the pathogenesis  1L). This is consistent with the results of situ

of various stresselated physical and psychological hybridization using fluoresceitabeled mimecan

di seases, such as Cushi ng Gntiseys®@ RNAO prebesFiguee nLA,c1B)d Adsepal d e r ,
and postraumatic stress disger, all of which reflect medullary cells are chiefly composed of adrenaline
heightened HPAaxis activity. On the other hand, and noradrenalineeleasing chromaffin cells, both

adrenal insufficiency, chronic fatigue syndrome, and  expressing catecholamine synthesizing enzymes, such
atypical depression are associated with reduced activity a s tyrosine hydroxyl ase (
of the HPA axig[4, 5] Hence, mechanisms regulating hydroxylase (DBH). Adrenalineeleasing cellsalone
the functions othe HPA axis are of utmost importance harbor phenylethanolamirlé methyl transferase
for the management of stresdated disease. Such (PNMT), an enzyme that methylates noradrenaline,
mechanisms unfortunately have yet to be fully clarified.  converting it to adrenaline. Adrenomedullin (AM) is a
hormone that is highly expressed in the adrenal
Originally isolated from bone, mimecan (osteoglycin) medullary mesenchyme. To clarify the occurrence of
belongs to the family of small leuchmieh proteoglycas mimecan expression in the adrenal medulla, we
(SLRPs)[6]. SLRPs are abundant in the bone matrix, performed duatolorin situ hybridization of mimecan
cartilage cells, and connective tissues. They are also and PNMT or TH or AM. Neither PNMT (blue)
essential for collagen fibrillogenesis and are central for expression in the adrenalimeleasing cells of the
the control of cellular growth, differentiation, and adrenal medulla nor TH (blue) expression in most of

migration[7]. Although the mimecagene encodes a 34 the adrenamedullawere ceexpressed with mimecan
kDa full-length protein, a IRDa mature protein (red) Figure 1C, 1F). However, AM (blue) and
corresponding to the 105 carboxgtminal amino acids mimecan (red) were found to be-empressed in the

of mimecan has been isolated from bovine bone. A 25 medullary mesenchyme Figure 1G, 1H). In

kDa keratan sulfate glycoprotein corresponding to the conclusion, these results reveal that, in the mouse
223 carboxylterminal amincacids of mimecan has been adrenal glands, mimecan isainly expressed in the
isolated from bovine corng8]. cortex, although it is also detected in the medulla.

Currently, the physiological functions of mimecan  The adrenal cortex is responsible for the synthesis of
remain obscure. We previously cloned the-feigth glucocorticoids, which are essential for survival under
cDNA of human mimecan (accession number: stressful conditions. Given the high level of
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adrenocortical mimem expression demonstrated by  induced hypoglycemia in mice, a commonly used acute
our previous and present studj@d4, 12] we presumed physical stress model, to investigate the expression of
that mimecan may be involved in regulating the mimecan after acute strefgkli 18]. The test mice were
functions of the HPA axis during the response to stress. fasted for 12 h overnight and then given insulin (3
IU/kg body weight) by IP injection. Blood glucose was
Mimecan expression in adrenal tissue decreased subsequently measured at various time points. Blood
after exposure to &ute stress glucose levels were all below 2.2 mmol&howing a
successfully induced hypoglycemia state in the stressed
Hypoglycemia is a physiological stressor that leads to group {Table ). As anticipated, the expression of
activation of the HPA axifL3]. We established insukin StAR, which is a marker of stress, was induced by

ISH Mimecan(red)
Mimecan(red) PNMT (blue)

)

|
100pm

ISH

Mimecan(red) Mimecan(red)
~ TH(blue) ~ AM(blue)

IHC

Figure 1. Localization of mimecan expression in mouse adrenal glands ussity hybridization and immunohistochemistry.
(A) Positive staining (red) of sections of adrenal glands hybridized withabé&d mimecan antisense probes primarily appearethe
adrenal cortex and some of the medullary mesenchyme (image obtained under visible light at 10x magnifiBafidr®.field shown is the
same asA) under fluorescent light.d) Sections of adrenal glands hybridized with fluorestaeled mimecan ah DIGlabeled PNMT
antisense probes, confirming mimecan expression (red) primarily within the adrenal cortex and PNMT (phenylethasd|aneitiey|
transferase; blue) expression in the medulla; neegpression was observed (image obtained under visibe & 10x magnification).ly)
The field shown is the same & (nder fluorescent light.H Sections of adrenal glands hybridized with fluorestasieled mimecan and
DiIGlabeled TH antisense probes, confirming mimecan expression (red) primarily wighawtenal cortex, while TH (blue) was found in the
medulla; no ceexpression was observed (image obtained under visible light at 10x magnificaomhe( field shown is the same & (
under fluorescent light. @ Sections of adrenal glands hybridizeih fluoresceinlabeled mimecan and Dil@beled ADREAM antisense
probes, confirming mimecan expression (red) primarily within the adrenal cortex. Mimecan and ADREXiMession was observed in the
medulla (image obtained under visible light{l) (The feld shown is the same a&)(under fluorescent light.I Sections of formalifixed,
paraffirembedded adrenal glands immunostained with rabbit dmtman mimecan antibody and antibbit IgG antibody. Positive (brown)
staining was found primarily in thedrenal cortex.J) Negative control ofl with preimmune rabbit serum used in lieu of mimecan antibody.
(KcD) Higher magnifications of, J).
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Table 1. Blood glucose measurement during hypoglycemic stress.

Mean value of blad glucose at Oh

Mean value of blood glucose at sacrifice

Group (mmol/L) (mmol/L)
control / 9.35+0.88
caselh 4.64+0.78 1.78+0.34
casezh 4.75+0.49 1.46+0.37
casesh 4.87+0.46 1.77+0.48
case6h 5.63+0.40 3.6740.51
casesh 5.36+0.55 5.23+0.62
casel2h 4.3620.72 6.20+0.48

hypoglycemic stress, showing significant upregulation
at 1 h after insulin dosing and peaking at Eigre2A).
Interestingly, significant timelependent downregulation

of mimecan expression was observdeig(re 2B).
However, blood glucose normalized 8 h after insulin
administration Table 1, implying that reduced
mimecan expression is not induced by hypoglycemia
state. To exclude the possibility that StARnegulation

and mimecan downregulation are induced by insulin
itself, rather than by insukimduced hypoglycemia
stress, we examined the StAR and mimecan mRNA
levels after insulin stimulation in Y1 cell§igure 2C,

2D). No significant changes in StAR or mimecan
MRNA levels were observed at 2 and 6 h after insulin
stimulation. To further verify this result, we established
another acute stress model, burn trauma in mice, as
described[19]. In situ hybridization showed that the
expression level of StAR mRNA significéy increased

in the adrenal tissues of mice after scaldifig\re 2E),

so this stress model appears to be sound. Northern blot
analysis showed a significant downregulation of
mimecan in adrenal tissue, whereas levels in mouse
lung tissues were unchangafier scaldingKigure 2F).

The above results reveal that mimecan expression in
adrenal tissue is significantly decreased after exposure
to acute stress.

Stressrelated mimecan  downregulation  was
mediated directly by ACTH rather than by ACTH -
induced glucaorticoid secretion

Activation of the HPA axis and the accompanying
hormonal response to stress is triggered by a surge of
CRH into the hypothalamiigituitaryi portal system.
Elevated CRH in the portal blood increases ACTH
secretion in the pituitary andq@uces a corresponding
rise in adrenal glucocorticoid secretiof0]. To
determine whether decreased mimecan expression after
stress is mediated by increased ACTH secretion, we
administrated an 0.085 U/g dose of ACTH to C57BL/6
mice at 2, 4, 6, 8, and 12 The animals were then
sacrificed at various time points, and their adrenal

glands were collected bilaterally at once using Northern
blot analysis to sequentially assess mimecan mRNA
expression in the adrenal tissues of these mice. The
stated levels shosd significant timedependent
declines after ACTH dosingF{gure 3A). Compared
with controls, the expression of mimecan in adrenal
tissues was reduced by0% at 2 h and-90% at 6 h
posttreatment Figure 3A), whereas the corresponding
levels in lung tissue were unchangédg(re 3B). We
also detected mimecan expression after ACTH
treatment in primary cultures of mouse adrenal cells
(Figure 3C). Similarly, fresh adrenal cellular isolates
cultured with 1e M AHCfor 6 and 12 h revealed
declines in mimecan MmRNA levels compared with
controls Figure 3C). Considering the complexity of
mice, we again applied this strategy to the Y1
adrenocorticatell line. The cells were treated with 10
10108, and 16 M ACTH for 12 h, assessing mimecan
mMRNA levels by Northern blot analysiBigure3D) and
reattime quantitative PCR Hgure 3F). Mimecan
expression in Y1 cells was downregulated by ACTH
treatment in a dosdependent manner. Compared with
controls, the expressiorf mimecan in the Y1 cell line
was reduced by 40% at ‘& and 60% at 10 M after
ACTH exposure for 12 hHjgure3D, 3F), and mimecan
mMRNA levels declined in a timdependent manner
afterle M of ACTH treat ment,
blot analysis igure3E) and reatime quantitative PCR
(Figure3G).

Because our previous study found that glucocorticoids
upregulate mimecan expression in corticotroph cells
[11], we also examined the effects of DEX on mimecan
expression in adrenal tissues. In accordandé tiie
results in corticotrophin cells, mRNA levels of mimecan
in the adrenal tissues of C57BL/6 mice were markedly
upregulated in a timdependent manner after IM
injection of DEX (0.05 ug/g body weight), which
peaked at 12 h and was sustained for 3Bidufe 4A).
Likewise, mimecan expression in-1 cells increased
significantly in time (Figure 4B, 4D) and dose
dependent mannersFigure 4C, 4E) after DEX
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exposure. Moreover, the DEMduced increase in Y1 expression duringn vivo and in vitro studies clearly
cellular expression of mimecan was abolished by indicates that the effects of stress on the downregulation
treatment with 1 ¢ MguRUd@ 8 6, of mimesdd explessionkireadren@l tissues are mediated
4E). The results seem contradictory but may be by ACTH rather than glucocorticoids.

explained by the conjecture that ACTH inhibits

mimecan to prevent excessive secretion of gluco Mechanism of inhibited adrenal mimecan expression
corticoids after acute stress, because we found that due to ACTH

mimecan also promotes glucocorticoid secretion, as

shown inFigure 5A Moreover, the fact that ACTH The binding of ACTH to its receptor generally activates
lowered mimecan expression and DEX increased its the following four signaling pathways including
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Figure 2. Downregulation of mimecan expression in the adrenal glands during stt@gslorthern blot analysis and quanét

results confirming the expected increase in StAR gene expression in C57BL/6 male mice subjected to hypoglycemic stress and ti
dependent reduction of mimecan gene expression in the adrenal glands of C57BL/6 male mice subjected to hypoglycemicratoesto(1

each time point)(B) Mice were fasted for 12 h and injected with insulin (3 1U/kg). The 0 h group was not injected to avoid stress and served
as a control. All other groups were compared with the 0 h gr¢GpD) StAR and Mimecan mRNA levelsYil cells after insulin treatment
detected by Realtime PCR showed no change compared with the control group that received no tre@@rattions of adrenal glands
hybridized with fluoresceifabeled StAR antisense probes. Positive signals (blue) were significantly increased compared with the sham
operation control group (image obtained under visible ligfi) Analysis of mimecan expressiby Northern blot analysis in scalded C57BL/6
male mice (15 mice per group), showing pronounced downregulation of mimecan mRNA in adrenal glands and no change uredung tiss
Data information: Data are expressed as means +SEM. *p<0.05, *p<0.01 forsstredl NB I G YSy i @ad O2 yiesNRPt 2 NJ n

GooP-&APA2Y MO 1M I DLb D



cAMP/PKA/CREB, MEK/ERK, PKC and JNK. The stimulation with 1 &M of AC
cAMP/PKA/CREB pathway is responsible for levels of StAR were significantly upregulated in Y1 cell
upregulating StAR expression, which is otherwise lines at 6 h and then abolished after treatment with the
downregulated by dgivated MEK/ERK, PKC, or JNK CAMP/PKA inhibh t or s H89 (20 €M) an
pathways. To investigate how those pathways mediate & M)Supplementary Figure 1A, 1BE). However, the

the effects of ACTH on mimecan expression, Y1 cells observed lowering of mimecan mRNA in Y1 cells

were separately treated with specific inhibitors of four  induced by ACTH was not reversed after treatment with
ACTH signaling pathways (SQ22536 for cAMP, H89 the cAMP/ PKA pathway inhibi
for PKA, PD98059 ath U0126 for ERK, GO6983 for SQ22536 ( 2 0r@ 3FsShpplementrary drigure

PKC, and SP600125 for JNK) for 40 minutes prior to  2A, 2B). Both the PKC inhibitor GO6983 and the JNK
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Ctrl 2h 4h 6h 8h 12h Ctrl Ctrl  4h  4h g 150
Mimecan Mimecan T 1:00
T Weewe -
GAPDH s Sk 85 B4 ™ GAPDH 50.00
ACTH - - o+ o+ 3
ACTH - + + + + + Ctrl 4h
(0.085U/g) (0.085U/g) §
0 1.50 4
& C Primary adrenal cells % 4 ¥p
%100 | Ctrl  6h 12h 3
2 ¥ . o y o 1.00 * kK
2 0.50 A © 0.50
3  0.00
éooo - TuM ACTH - + + S Ctrl  6h 12h
= Ctrl 2h 4h 6h 8h 12h ACTH “é
- v+t + +1(0.085U/g) s
D actH ¢t 107 10® 10°mMm E Ctrl  4h  8h  12h
Mimecan Sl & % & & » & Mimecan . - - >
GAPDH M M 4 GAPDH il I N NG
10°M ACTH - + i +
Fg 1.40- G < 1.40;
= 1.20- Z 1.204
3 1.001 2 1.00
® 0.801 ® 0.801
% 0.604 Q‘ 0.60 *kk
© 0.40- 2 0.404
% 0.20- S 0.20-
£ oo £ 0.00 4h " 12h ' ACTH
s Ctrl 1010 10 106 M ACTH = Ctrl 10(':61\/1
- + + +

Figure 3. Inhibition of mimecan expression in timand dosedependent manners by ACTH administratioy) Mimecan mRNA
expression was detected by Northern blot analysis in the adrenal glands of C57BL/6 male mice after intraperitoneal ofiection
adrenocaticotropic hormone (ACTH; 0.085 U/g; 12 mice per group for each time point), showing the significadepierelent decline in

the ACTH injecting group compared with the control group that was not injedgdd change in mimecan expression was obseindte

lung tissue after ACTH dosin@) Northern blot analysis showing that the expression of mimecan in cultured primary adrenal cells decreased

FO OFNRA2dzA GAYS LRAYyGEA FFGSNI GKS | RYAY A®BWNorihérr2biot agalysissshowiag AGTHE | 6
induced dosedependent D) and timedependent E) inhibition of mimecan mRNA inlycells. The ACTH dose i) was 16 M. Y-1 cells

were serumdeprived overnight before the addition of ACTH, G) Realtime PCR showidgCTHnduced doselependent ) and time

dependent @) inhibition of mimecan mMRNA inlycells. Relative mimecan mRNA levels were normalized to GAPDH mRNA expression and
compared with untreated controls. Data informatiorp<0.05, *¥<0.01, **p<0.001fod / ¢ 1 (G NBF GYSy (i Q¥ O2y (i NBf =
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inhibitor SP600125 did not reverse the observed
lowering of mimecan mMRNA in Y1 cells induced by
ACTH (Figure 4F Supplementary Figure 2@D) and

the stimulation effects of ACTH on StAR
(Supplementary Figure 1QE). It is therefore likely
that the inhibition of mimecan expression in adrenal
cells due to ACTH is not mediated by the
cAMP/PKA/CREB, PKC, or JNK pathways. However,
the inhibitory effects of ACTH on mimecan expression
inYlcel s after 6 h of sti mu
was abolished by treatment with the ERK inhibitors

A

Ctrl  2h Ctrl Ctrl ~ 36h

PD98059 (25 &M, 50 ¢gM)
(Figure 4Q. Consequently, ACTHhduced down
regulation of mimecan expression in adrenal cells is
likely mediatedby the ERK signaling pathway.

and

Mimecan stimulates the secretion of corticosterone
in mouse adrenal cells

Having shown that mimecan is downregulated by
| ACTH @md thay cofiticogstekbneo ihcreds€sT iHimecan
expression in adrenal tissuese further investigated
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Figure 4. Dexamethasone (DEX) increases mimecan expression in micelandIlg.(A) Northern blot analysis reflecting the time
dependent increase in mimecan MRNA expression in the adrenal tissues of the C57BL/6 male mice after intramuscular firpgeXon o

compared with the corresponding control groups that were injected with 0.9% salimed n p

>3k 3T mMn YAOS

The timedependent increase in mimecan mMRNA i ¥ells after DEX treatment (#MM), analyzed using Northern blot analysisl ¥ells
were serumdeprived overnight before adding DEX or DEX + RW&8Bhe dosalependent increase in mimecan mRNA{h &ells after DEX
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quantitative realtime PCR. Relative mimecarRINA levels were normalized to GAPDH mRNA expression and compared with untreated
controls. £ ACTHnduced suppression of mimecan expression cannot be attributed to PKA, cAMP, PKC, or INK &yfddadnH{ibitory

effect of ACTH was abolished by thekBFathway inhibitors PD98059 and U0126, which rescued mimecan expression indepesdent
manner. H89: inhibitor of the PKA pathway; SQ: SQ22536, inhibitor of the cCAMP pathway; GO: G06983, inhibitor of the RKCSFathw
SP600125, inhibitor of the JNtkéthway; PD: PD98059, inhibitor of the ERK pathway; U: U0126, inhibitor of the ERK pathwalls Were
serumdeprived overnight prior to adding inhibitors. Mimecan gene expressionlinc#lls was analyzed by Northern blot analysis. The
relative mimean mRNA levels were normalized to GAPDH mRNA expressmn Data informatid:@5F **p<0.01, **p<0.001 for DEX
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whether mimecan regulates ACTH and corticosterone just compared the MBBimecan and MBP injecting
seaetion. C57BL/6 mice received IP injections of groups. Serum corticosterone concentrations were much
mimecanrMBP fusion protein, PBS, or MBP alone at higher in C57BL/6 mice that received the mimecan
doses of 0.1 emol/ kg body MBRfusprmprotein aVthe dtated dbse thandn rewi@iests
then obtained from retrorbital spaces for ACTH and of MBP (Figure 5A and these elevated significantly at
corticosterone assay (ELISA). There were no significant 0.5 h after IP injection of mimecaviBP fusion protein,
differences in the serum corticosterone concentrations reaching a peak at 2 h, maintaining high levels for at
between the PBS and MBP injected groups; thus, we least 4 h and then normalizing 24 h Figure 5A.
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Figure 5. Mimecan increases corticosterone concentratiamsivoand in vitro with no effect on corticosterone synthesiga)
Intraperitoneal injection of recombinant mimecanBP (vs. MBP) increases the sercomcentration of corticosterone, normalized for 24 h

after injection (n=8 per group) in three independent experiments.p&6.001 for mimecaiMBP vs. MBP treatment, ###<0.001 for
mimecarMBP treatment at 0.5 h or 4 h vs. 2 h. There was no significdetatite between the PBS and MBP injected grou)sT lie serum

ACTH level was unaffected by intraperitoneal injection of recombinant mim& compared with MBP injected controls. Serum
corticosterone and ACTH were measured using ELISA (8 mice per. §6@B)./6 mice received intraperitoneal injections of recombinant
mimecana . t ondm >Y2fk]13I0I a.t ondm >Y2ik13I0I 2N t.{ SldAgritBRiI 0602
injected groups.@ Recombinant mimecalIBP increasethe corticosterone concentration in culture supernatant of Y1 cells after 24 h of
GNBFGYSYd i tTdcn >a O02YLI NBR 6 A (G smRNA leke)s ofikéy NiEhés regyfafng tdBighbfeBoyiai S E
synthesis in adrenal tissues declined afteéraperitoneal injection of recombinant mimecan. t o6ndm >Y2f k1 30 Gad a.t
There was no significant difference between the PBS and MBP injected groups. Data informai@0Z} ***p<0.001 for mimecaMBP

gad a.t OGNBlIiGwwsByliz {GdzRSydQa
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Serum levels of ACTH did not differ significantly
among any of these treatment groupsggre 5B).
These data suggest that mimedasiuced cortice
sterone secretion is not mediated by heightened levels
of ACTH. Compared wit MBP-treated Y1 cells, the
concentration of corticosterone in culture media clearly
increased after treatment with mimeddBP fusion
protein for 24 h, as opposed to after 8 h at a dose of 7.64
€ M Figure 5C). To determine the mechanism
responsible for corticosterone elevation, the expression
levels of key genes regulating corticosterone synthesis
in adrenal tissues, such 8$AR CYP11A]1 CYP11B1
and CYP21 were detected using rei@he PCR.
Remarkably, the expression levels of theseegen the
adrenal tissues of mice were substantially
downregulated at 4 h after IP injection of mimecan
MBP fusion protein Figure 5Di5G). Therefore, the
observed mimecaimduced rise in the corticosterone
concentration in mouse serum or-géll culture mdia

was probably due to intensified corticosterone secretion
by stimulated adrenal cortical cells rather than increased
corticosterone synthesis.

Mimecan deficiency disturbs stresdree diurnal
rhythms of corticosterone secretion, enhancing HPA
activation in a mimecan knockout mouse restraint
model

We further generated mimecan knockout mice to
delineate the physiological roles of mimecan. The
generation details were described in our previous study
[12]. The mRNA expression of mimecan was not
detected in the adrenal glands &hockout mice
(Supplemerary Figure 3A). In stresdree states, serum
corticosterone and ACTH level&igure 6A, 6B) and

the mRNA expression level of genes involved in
corticosterone synthesiSypplementaryigure 3B, 3E)
were similar for knockout mice and witgipe litter
mates.However, the diurnal rhythm of corticosterone
secretion in knockout vs. wiltype mice was disturbed
significantly, as shown by serial determinations of
serum corticosterone collected at 8:00, 12:00, 16:00,
20:00, 0:00, and 4:00 hours in an unstressetk sta
(Figure 6C). In wild-type mice, these levels peaked in
the evening (20:00 hours) and reached a nadir in the
morning, reflecting nostressful circadian secretion of
cortisol Figure 6C). However, no clear peaks or
troughs of serum corticosterone werecamtered in
counterpart knockout mice, only a flattened pattern
(Figure 6C). To explore the responses of mimecan
knockout mice to ACTH and glucocorticoids, these
mice received IP injections of ACTH (0.085 IU/g body
weight) and IM injections of DEX (0.05glg body

corticosterone levels were lower in knockout vs. wild
type mice following IM DEX injection for 5 t@2 h
(Figure 6E), which may be due to the absence of
corticosterone boosting effects of mimecan in knockout
mice. Meanwhile, serum ACTH levels remained
comparable in both groups of micEidure 6F), and
MRNA expression levels of genes encoding
corticosteone synthesis enzymes also showed no
difference between knockout and wtigbe mice after

IM DEX injection. Supplementaryigure3F, 31).

We also investigated whether genetic mimecan
deficiency influenced pituitary and adrenal gland
function in response stress. Male knockout mice and
wild-type litter mates were restrained for 60 min to
inflict physical stress. We collected blood through tail
cuts at the time of release and 60 min later and then
measured serum corticosterone by ELISA. Restraint of
knodkout mice for 60 min induced a significantly
greater increase in serum corticosterone compared with
the levels in wildtype litter mates Kigure 6G).
Moreover, the observed difference in serum
corticosterone concentrations between knockout and
wild-type mce was lost at 60 min after releaség(re
6G). These findings indicate a strikingly greater stress
response in knockout mice.

DISCUSSION

According to the present findings, mimecan is primarily
expressed in adrenal cortex. We found that its
expression in adrenal tissue was significantly
downregulated under stress in our mouse model,
signifying a role in stress response. We also determined
that expression of mimecan in adrenal cells may be
downregulated by ACTH and upregulated by DEX.
Although both dramatic increases in levels of secreted
ACTH and corticosterone were apparent in mice after
stress, the data herein clearly illustrate that stress
induced downregulation of mimecan in adrenal tissues
is mediated by ACTH, rather than corticosterone.
Cortisol is the terminal effector of the HPA axis, and
cortisol secretion is stimulated as a result of HPA
activation in response to acute stress. lgémerally
acknowledged that cortisol secreted by the adrenal
cortex is directly tied to pituitary ACTH release. In
recent years, however, mounting evidence has been
collected to show that many adrenomedullsegretory
products, such as adrenomedullin, ecablamines,
serotonin (8HT), neuropeptides, and growth factors,
take part in regulating adrenocortical steroidogenesis
via  nonACTH-dependent  pathways [21i 23].
Furthermore, cytokines produced by adrenal cells

weight). Although serum corticosterone levels in  themselves are capable of directly influengcin
knockout and wiletype mice did not differ significantly adrenocortical  function. They may stimulate
after ACTH stimulation FKigure 6D), serum steroidogenesis (similar to interleukin (L) IL-2, and
GooP-&APA2Y MO N dp Il DLbD



IL-6) or exert regulatory effects on adrenal growth (as In the present study, based @m vivo and in vitro
does TNFU 01247 It is a prevendact studies, we found that mimecan stimulates
that cortisolrelease is selfegulated through a central corticosterone secretion from adrenal tissues through a
nervous system (CNS) negative feedback loop short time response, yet there weramuivo effeds on
involving receptors in pituitary, Paraventricular nucleus, the serum levels of ACTH. Additionally, mimecan

and other brain structurg®8]. However, little is known expression may be upregulated by corticosterone, as
about similar synthesis/secretion autoregulatioa v shown by DEX administration studies vitro and in
intra-adrenal mechanisms. vivo, and this effect vanished after the treatment df Y

Figure 6. Disturbed stressee diurnal rhythm of corticosterone secretion and hyperactivated stress response in mimecan
deficient mice. (A, B) No differences in serum corticosterone or plasma ACTH levels efypddWT) and mirh mice were determined

using ELISA (10 mice per groufd). $ignificant disturbance of diurnal corticosterone secretion was observed hstressed minm mice.
Secretion levels lacked the typical peaks and troughs seen with WT mice (n=20 per ddpup)ere was no differencm the serum
corticosterone levels of wikype (WT) and mirh] y2 O1 2dzi YA OS | T SNJ aHiTherdgpdnsi fo zhy DEX Slipptession > a
test in mim’- mice surpassed that of WT mice. The serum corticosterone level was determined usindpEBtS2 h after intramuscular
injection of 0.05 ug/g DEX (21 mirmice and 15 WTice). £ Similar serum ACTH levels in miend WT mice were observed &P h after
intramuscular injection of DEX (21 minmice and 15 WThice). G) A marked increasin the serum corticosterone level of minvs WT

male mice was observed after 1 h of restraint and this was lost 1 h after release (5 mice per group). Data inforpxios: for mimi- vs.

2 ¢ YAOSZI -testi(HyR §rspth €hawing the role ofimecan in the hypothalamipituitarycadrenal (HPA) axis.
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