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ABSTRACT

Dendritic cell astargets of corticotropin-releasing hormone
HeeJungLee

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Kwang Hoon Lee)

Dendritic cell (DC) plays an important role in theneration and regulation
of immune responses, but also is considered tesept the link between
allergen uptake and the clinical manifestation ledrgic disease, such as
atopic dermatitis. Recent evidence suggests tregstalk between mast
cells, nerves and keratinocytes might be involuedxacerbation of the
inflammatory conditions by stress, but the mecharssl!l remains unclear.
Corticotropin releasing hormone (CRH), which adigthe hypothalamic-
pituitary-adrenal axis under stress, also has flammmatory peripheral
effects. However, there have been no reports alitRH receptor
expression and functional role of CRH in DC. Thepwmse of this study
was to investigate the expression of CRH recendsthe functional role
of CRH in the monocyte-derived DC (MoDC) of atogiermatitis patients
and nonatopic healthy control. In this study, mMRNé&sCRH-RL, 103, as
well as CRH-R1 protein was detected in MoDC. CRRx&ut not R® or
R2y) mRNA and CRH-R2 protein were present in MoDC. &syre of DC
to lipopolysaccharide (LPS) or tumor necrosis faeto(TNF-), which
activate DC, didft alter the expression of CRH receptors. Exposti2®
to CRH resulted in decrease of IL-18 in both atafgcmatitis patients and

nonatopic healthy control. This effect was more ngirent in atopic



dermatitis patients. However, CRH ditralter the expressions of IL-6,
CCL17, CCL18 and CCL22. Therefore, our results destrate that CRH

could modulate immune responses by acting directlpC .

Key words: Corticotropin releasing hormone, dendritic cell
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. INTRODUCTION

Atopic dermatitis, psoriasis and other inflammataskin diseases are
known to be exacerbated by stfes®ecent evidence suggests that crosstalk
between mast cells, neurons and keratinocytes niighinvolved in such

exacerbation, but the mechanism still remains amcle



Corticotropin releasing hormone (CRH), a 41-aminil dong peptide is a
main trigger of the hypothalamo-pituitary-adren&lP@) axis™ Stress
signals in the hypothalamus stimulate expressiod ealease of CRH,
resulting in propiomelanocortin (POMC) expressioml @drenocorticotropin
(ACTH) release by the pituitaty ACTH elicits cortisol release by adrenal
cortex that is responsible for attenuation of tlress response at the central
and peripheral leval

The skin has its own neuroendocrine system, wisctightly linked into
systemic neuroendocrine axes, probably in ordecdordinate peripheral
responses to stress and to maintain cutaneouslalal omeostasis CRH
is also produced in the skin, where it can act eegalatory element of local
neuroendocrine interactiohsCRH has been described to act as a growth
factof’, apoptosis regulatband differentiation fact8r CRH also acts as pro-
inflammatory factor, since it stimulated degraniolatof mast cells and

increases vascular permeabilityCRH also stimulates vascular endothelial



growth factor release by mast cEldL-6 release by keratinocyt€sand IL-

1B release by monocytés CRH also has an anti-inflammatory activity since
it diminishes NF-kB activation in epidermal melaytss®, IL-18 expression

in human HaCaT keratinocytésThus, effects of CRH are dependent on the
cell type and on experimental conditions.

CRH exerts its effects by binding to specific cslirfface receptors, of
which two receptor subtypes, CRH-R1 and CRH®RMapping of the
cutaneous CRH signaling system in humans revedakedthe CRH receptor
type 1 (CRH-R1) is expressed in all major cellyapulations of epidermis,
dermis, and subcutfs CRH-R1 appears to be the most prevalent isofdrm o
CRH-R, and the CRH-R2 gene is expressed solelgardermis and adnexal
structure¥. The pathophysiological relevance of CRH-R1 mayréféected
by the observation that CRH-R1 is involved in stregluced exacerbation of
chronic contact dermatitis in rats Furthermore, afftected skin areas from

patients with chronic urticaria have increased esgion of CRH-RY.



Nevertheless, the functional significance of CRHRpression in peripheral
tissues is still unresolved. Moreover, there hagenbfew studies regarding
the signals which regulate the expression of CRH-R.

Dendritic cell (DC) is a highly specialized professgl antigen-presenting
cell usually located at surveillance interfaceshaf human body such as the
skin or mucosa, and is thought to play an impontalgt in the generation and
regulation of immune responses. In particular, BCansidered to represent
the link between allergen uptake and the clinicalnifestation of allergic
disease, such as atopic dermdifiti§here have been no reports about CRH-R
expression and functional role of CRH in DC.

The purpose of this study is to investigate theresgion of CRH-R, the
signals which regulate the expression of CRH-R, dmedfunctional role of

CRH in the monocyte-derived DC (MoDC).



1. PATIENTSAND METHODS

1. Patients

Blood samples are obtained with informed conseomfrAD patients
according to the criteria of Hanifin and R&kaSix AD and six nonatopic
healthy controls are included. The patients, wheehaot received any
systemic or topical treatment with immunosuppressivugs for at least four
weeks before collection of blood sample are inalidée institutional review

board approved this study.

2. Culture of human dendritic cell

The culture media containes RPMI 1640 (Gibco latmyies, Grand Island,
NY), 2 uM L-glutamine (Gibco), 100 IU/ml penicillin (Gibcp}00 ng/mi
streptomycin (Gibco), and 10% fetal bovine serunyqlbne, Logan, UT).

Monocytes from study participants are isolated frgraripheral blood



mononuclear cells (PBMCs) via the cell attachmeethod’. PBMCs are
attached to six-well plates for 40 minutes. Theesnatant and the floating
cells are discarded, and the attached cells arefasedlture. Monocytes are
plated in six-well plates at a final concentratioh3x10® cells in 3 ml of
culture medium. DCs are generated by culturing rogtes for six days in
medium supplemented with 500 U/ml GM-CSF, 1000 Uird at days 0, 2,
4, 62 At days 2, 4, and 6, one-third of the medium ésoved, and an
equivalent volume of fresh medium supplements i above mentioned
cytokines. For activation of DC, cells are treatedith either
lipopolysaccharide (LPS, Sigma, St Louis, Mo) omtu necrosis factou
(TNF-0, R&D systems, Minneapolis, MN) for 24h during tlest day of

culture.

3. RT-PCR analysis

Total RNA was extracted after the seventh day dtucel from DCs using



the RNeasy mini kit (Qiagen, Hilden, Germany) faliog the manufacturer's

protocol. Reverse transcription reactions wereqoeréd using g of total

RNA. Oligonucleotide primers of previously publisheequences for CRH-

R1 and CRH-R2 isoforms (Table 1) were used. IL-fighers were: forward,

5'-AGGAATAAAGATGGCTGCTGAAC-3’; reverse, 5-GCTCACAC

AACCTCTACCTCC-3".

Receptor
Isoforms PCR Primer Sequence (5'-3")
CRH-R1a Sense GGCAGCTAGTGGETTCGGCC
Antisense TCGCAGGCACCGGATGCTC
CRH-R18 Sense GGCCAGGCTGCACCCATTG
Antisense TCGCAGGCACCGGATGCTC
CRH-R2a Sense ATGGACGCGGECACTGCTCCA
Antisense CACGGCCTCTCCACGRAGGS
CRH-R2f Sense GEEECTEECCAGGETGTGA
Antisense CACGGCCTCTCCACGAGGS
CRH-R2y Sense CTGTGCTCARGCRAATCTGCC
Antisense CACGGCCTCTCCACGRAGGS

Table 1. PCR primers used for human CRH-R1 and GR”H-

Amplification is performed on a GeneAmp PCR syst8i00 (Applied

Biosystems, Mountain View, CA). PCR is conductediemthe following

conditions: denaturation at @4 for 1 min, annealing at 67 for 1 min, and



extension at 72 for 1 min for 40 cycles. Specific PCR fragmentg ar

separated on a 1% agarose gel and visualized egirdjum bromide staining.

The amounts of PCR products were determined byitdemstry using TINA

2.10e software (Raytest, Straubehardt, Germany) ewaluated semi-

quantitatively by grading the ratio between thectffieproducts and thés-

actin band.

4. Cytokine and chemokine production

For stimulation of cytokine production, DCs aretidigited to six-well

plates and stimulated with CRH (Sigma) in complaidure medium. CRH

was 96% purity and endotoxin was removed from (€. Was stained for 30

min on ice with human anti IL-6, IL-18, mouse a@L17, anti-CCL22, and

anti-CCL18 monoclonal antibody (R&D systems) in gphisate-buffered

saline containing 0.4% bovine serum albumin. Afteashing, cells were

treated with fluorescein isothiocyanate-conjugateecondary antibody,

10



followed by fixing and permeabilizing the cells Wwia formaldehyde/saponin

solution (Sigma). Analysis was performed on a FA@I&@r flow cytometer

(Becton Dickinson, Mountain View, CA). Results weegpressed as the

relative fluorescence intensity (RFI) calculatednirthe mean fluorescence

intensity (MFI) as follows: RFI = (MEkameter evaluatea MFlcontro)/ MFlcontror

5. Detection of CRH-R1 and CRH-R2 by Western blot analysis

DCs were lysed, and prepared for Western blot aimahSamples were

resolved on 10% SDS-PAGE and then transferred tmaallulose (NC)

membranes. The membranes were incubated with goiahiianan CRH-R1

that specifically recognizes CRH-R1, and goat hothan CRH-R2 that

specifically recognizes CRH-R2 (Santa Cruz Biotatbgy, Santa Cruz, CA).

Following stripping and washing, the membranes vimcabated with bovine

anti-goat HRP-conjugated serum (Santa Cruz Bioteolgy). The protein

bands were detected using 3,3,5,5-tetra methyldz{Sigma).

11



[11.RESULTS

1. Expression of mMRNA for CRH receptor isoformsin DC

RT-PCR analysis showed that both immature and mab@s expressed

specific mRNAs for CRFR1a, 18 (Figure 1A, B). CRH-Rf was more

abundant than CRH-R1 RT-PCR for CRH-R2 isoforms showed that DC

expressed only CRH-R2(Figure 2). LPS and TNE; which were known to

activate DCs, didn't alter the expression of mMRNAECRH-R.

M TR IPs INFo TR LPF THF.a

M TR LIPS INFa (TR LB THFo

T Noumall  Nermal2

MoOoTR OLPS THFe OTRE LER TREa

<pin
’ Sy —

— Actin

Figure 1. RT-PCR analysis of CRH-R1 isoforms mRNADCs of two healthy controls.

mRNA for CRHR1a (A), 1B (B) were detected. For activation, DCs were stated for 24h in

12



complete culture medium with LPS or TNFduring the last day of DC culture. The control
lane (CTR) corresponds to untreated cell populat®oth LPS and TNF: didn’t alter the

expression level of CRH-RJ 18. Results are representative of three independgeatrienents

CIR  LPS THFa CTR LFR  THEx

SHIy
+—CRH-Fla

Normal 1 Normal 2

CTR -~ LPS  THF<x CTR. LF8 TNF-o
S00hp —

— Actin

Figure 2. RT-PCR analysis of CRH-R2 isoforms f§, yY) mRNA in DCs of two healthy
controls. Only mRNA for CRHR2u was detected. For activation, DCs were stimuléte®4h

in complete culture medium with LPS or TNFduring the last day of DC culture. The control
lane corresponds to untreated cell population. B&8 and TNFx didn't alter the expression

level of CRH-R2.. Results are representative of three independ@etrienents
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2. Western blot analysis of CRH receptor

Western blot analysis was used to detect CRH rec@pbtein expression in
DC of healthy control. SDS-PAGE of whole cell lysatfrom DC was
performed using Abs that specifically recognize GRHor CRH-R2. The Ab
to CRH-R1 yieled a single band of ~50 kDa (Figums).3Western blot
analysis for CRH-R2 identified a strong band ofkf and a minor band of
51 kDa (Figure 3B). Lipopolysaccharide (LPS) andFi&\y which were
known to activate DCs, didn't alter the expressidriCRH receptor protein
(Figure 3A, B).

A B

W (TR LPS TXFo CTR LIPS TNFo

sg: ."E 3 E‘ iiﬁ

Figure 3. Western blot analysis of CRH-R1 (A) arRHER2 (B) in DC of healthy control. DC

was collected, lysed and samples of the wholelgsdtes were run on 10% SDS-PAGE, using

14



Abs that specifically recognize CRH-R1 or CRH-R2eTAb to CRH-R1 yieled a single band
of ~50 kDa (A). Western blot analysis for CRH-R2rdified a strong band of 49 kDa and a
minor band of 51 kDa (B). For activation, DC wasnstlated for 24h in complete culture
medium with LPS or TNF during the last day of DC culture. The controldafCTR)
corresponds to untreated cell population. LPS aN&-@ didn't alter the expression of CRH
receptor protein. Results are representative @fetlimdependent experiments MW, molecular

weight marker.

3. The effect of CRH on phenotyping of DC during in vitro

generation

Phenotypic analysis of MoDC was performed by udiog cytometry. To

investigate the effect of CRH on phenotyping of @€lls were exposed to

CRH at 50nM for 24h during the last day of cultuBxpression of CDla

wastt affected by both CRH and LPS (Figure 4A). AlthbugRH didrit

alter the expression of CD83, LPS increased CD8&enldy (Figure 4B).

15
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Figure 4. Phenotypic analysis of MoDC was perfortgdising flow cytometry. To investigate

the effect of CRH on phenotyping of DC, cells werposed to CRH at 50nM for 24h during

the last day of culture. LPS was used for positigatrol. The control (CTR) corresponds to

untreated cell population. Expression of CD1a Vtaaffected by both CRH and LPS (Figure



4A). Although CRH didft alter the expression of CD83, LPS increased Ch&8kedly

(Figure 4B).

4. Effect of CRH on IL-18 mRNA production in DC of atopic

dermatitis patients and nonatopic healthy controls

To study the effect of CRH on IL-18 mRNA expressionDC, the cells
were exposed to CRH at 50nM for 6h. Total RNA wesaeted and RT-PCR
for IL-18 were performed. IL-18 mMRNA expression wasluced by CRH in
both atopic dermatitis patients and nonatopic hgattontrol (Figure 5A).
However, the effect was more prominent in atopiovagitis patients than

nonatopic healthy control (Figure 5B).

17



Healty control Atopic dermatitis

IL-18

Optical density (OD)
N
8

N

Q

o
T

300 -
-I OO _ [I
O 1 1 1 J

CTR(Un) CRH(SONM) CTR(Un) CRH(SOnM)

Healthy control Atopic dermatitis

Figure 5. RT-PCR analysis of IL-18 mRNA in DC obpic dermatitis patients and nonatopic
healthy control. For studying effect of CRH, DCsravéreated for 6h in complete culture
medium with CRH at 50nM during the last day of D@ture. The control lane corresponds to
untreated cell population. IL-18 mRNA expressionswaduced by CRH in both atopic

dermatitis patients and healthy control (Figure.3AQwever, the effect was more prominent in

18



atopic dermatitis patients than nonatopic healtintrol (Figure 5B). Results are representative

of three independent experiments.

5. Effect of CRH on cytokine and chemokine production in DC of

atopic dermatitis patients.

To investigate the effect of CRH on cytokine anderobkine protein

expression in DC of atopic dermatitis patients, tels were subjected to

flow cytometric analyses using human anti IL-6,18; mouse anti-CCL17,

anti-CCL22, and anti-CCL18 monoclonal antibody (R&Bystems,

Minneapolis, MN). Cells were exposed to CRH at 50fdv124h during the

last day of culture. IL-18 expression was reduce@BH in atopic dermatitis

patients (Figure 6A, B). However, there was no geain expression of IL-6,

CCL17, CCL18 and CCL22 (Figure 6C).

19
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Figure 6. Flow cytometric analysis of IL-18 protéinDCs of atopic dermatitis patients. For
studying effect of CRH, DCs were treated for 24kcamplete culture medium with CRH at
50nM during the last day of DC culture. The contBGITR) corresponds to untreated cell
population. IL-18 expression was reduced by CRldtapic dermatitis patients (Figure 5A, B).
There was no change in expression of IL-6, CCL1Z|.T8 and CCL22 (Figure 6C). Results

are representative of three independent experiments

* RFI (relative fluorescence intensity) = (Mfhmeter evatuates MFlcontro)/ MFlcontrot

22



V. DISCUSSION

To our knowledge, this is the first report that mRNMf CRH receptor
isoforms is expressed in human DCs. We detected mRNCRH-R1a, 103,
as well as CRH-R1 protein. CRH-RZbut not RB or R%) mRNA and
CRH-R2 protein were present in MoDC. CRH-R1 mRNAvidely expressed
in mammalian brain and pituitary and is responsiiole activation of the
POMC gene and ACTH arfitendorphin release from the anterior pituitiry
In human peripheral tissues, CRH-RL1 is expressediide range of tissues
such as the testis, ovary, endometrium, myometrplatenta, adrenal gland,
adipose tissue, skin, spleen, heart, and spedfis of the immune systém
The gene for human CRH-R1 contains 14 exons, aadctimplete gene
product is a 444 amino acid protein, termed CRH;RAat exhibits impaired
agonist binding and signaling propertfe€xcision of exon 6, which encodes

for a 29 amino acid insert in the first intracediuloop, results in expression

23



of CRH-RInx mRNA. This appears to be the main functional CRH-R
receptor variant containing 415 amino acids, whidmarily mediates CRH
actioné. Concerning CRH-R2 variants, CRH-R2nd 3B are found in both
human and rodents, ang Bas so far been found only in the limbic regiohs o
the human CN%?. These three variants differ only in their N-temai
extracellular domains. The different N termini dot rsignificantly alter
agonist binding and signaling properties of thdows CRH-related peptides,
although the CRH-RRis about 10-fold more potent in second messenger
activation compared with CRH-R2or RZ{”. These variants, however, do
exhibit significant differences in their tissue tdisution. Slominskiet al.?®
reported that none of CRH-R2 subtypes was detéctepgidermal normal and
malignant keratinocytes, normal and malignant nedgstes, dermal
fibroblasts, adipose tissue. By contrast, CRHtR2as detectable in cells
derived from human scalp adnexal structures (tddlicie keratinocytes and

hair follicle papilla fibroblasts). Tissue-specifidistribution and various

24



MRNA splicing mechanisms of CRH-R might explain madifferent
biological actions of CRH in various tissues.

CRH profoundly influences the function of the immausystem indirectly,
through the activation of the HPA axis and sympithsystem, and directly,
through the local modulatory actions on inflammgtoresponsés
Epidemiological and experimental studies suggest ttress and stress
hormones influence the development, course, arttbluagy of certain allergic,
autoimmune/inflammatory, infectious, and neoplagtiseases, mainly by
stimulating Th2 instead of Thl-type immune responshich means by
enhancing humoral and suppressing cellular imméhi#topic dermatitis,
psoriasis, and other inflammatory skin diseaseskaosvn to be exacerbated
by stress. It was recently reported that CRH rdgaléhe expression of IL-18
in HaCaT ceff’. However this is the first time that CRH decreasegsression
of IL-18 in DCs. Moreover, this effect of CRH on-Il8 production was more

prominent in atopic dermatitis patients than nopigtohealthy controls.

25



Because IL-18 functions primarily as an IkNhducer and a promoter of Thl

responses in T cells, our results not only suppgbesprevious hypothesis that

stress downregulates cellular immunity, but alsdress that CRH could

modulate immune responses by acting directly on.DCs

26



V. CONCLUSION

In conclusion, DCs express mRNAs for CRHeR13 and CRH-R2, but

not those for R@ and R%. Both CRH-R1 and CRH-R2 protein were also

present in DCs. Furthermore, it was found that GBglilates the expression

of IL-18 in DCs via specific CRH-Rs. These findirgigggest that CRH could

modulate immune responses by acting directly on BA$ may provide an

insight into the pathophysiology of neuroinflammtaekin disease such as

psoriasis and atopic dermatitis.
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Abstract (In Korean)
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FAFAETE A3 7= Aoz &3P lipopolysaccharide
(LPS)Y tumor necrosis factor a (TNF-a)9] & whx] Fgkth
CRH <+ olEdIFYA kel A EFolA A%
Al 9] interleukin 18 (IL-18) &S #HAAIZ oW, o|dg i+
olEV I H- Fxloq | FHEA Y. Thymus and activation-—
regulated chemokine (TARC/CCL17), macrophage-derived
chemokine (MDC/CCL22) % CC chemokine ligand 18 (CCL18)¢]
2E> CRH o I WA FAUth olde 23z A%

AlZol= CRH 5ol F&A7F A48, CRH & °©l& &3l IL-18
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