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=Abstract=
The Effect of Pemphigus Sera on Apoptosis of Keratinocytes

Sung Min Oh, M.S., Sung Yong Jung, M.S., Jung Eun Lee, M.D., Soo Chan Kim, M.D.

Department of Dermatology, Cutaneous Biology Research Institute,
Yonsei University College of Medicine, Seoul, Korea

Background: Pemphigus is an autoimmune blistering disease of skin and mucous membrane
characterized by loss of adhesion between keratinocytes, a process known as acantholysis. The target
molecules of autoantibodies are desmogleins which belong to cadherin family proteins of desmosome.
Independently from the autoantibodies involved, the question whether apoptosis plays a role in the
pathogenesis of pemphigus has not been addressed.

Objectives: The purpose of this study was to determine if pemphigus sera induce apoptosis in
HaCaT cells and to elucidate the mechanism of apoptosis induced by pemphigus sera.

Methods: We treated pemphigus sera on HaCaT cells for 48 h and investigated whether apoptosis
was induced or not through FACS analysis and TUNEL staining. In addition, we performed western
blot analysis to detect cleavage of PARP, cytosolic cytochrome c¢ and activation of caspase-8, 3,
which play a major role in apoptosis. Soluble Fas ligand protein level in pemphigus sera was
compared with the level in normal sera by ELISA. Pemphigus sera from which IgG was eliminated,
were treated on HaCaT cells to elucidate the role of IgG in pemphigus sera-induced apoptosis.

Results: Using FACS analysis with Annexin-V and PI staining, we have shown that pemphigus
sera induced apoptosis in HaCaT cells. TUNEL staining assay also confirmed the apoptosis were
induced in HaCaT cells after treatment of pemphigus sera. Western blot analysis showed activation
of caspase-3, release of cytochrome c, cleavage of PARP and decrease of procaspase-8 which is
proform of active caspase-8 in HaCaT cells treated with pemphigus sera. We could not detect
increased Fas ligand protein level in pemphigus sera compared with the level in normal sera.
Moreover, since the removal of IgG obliterated the apoptosis inducing effects of pemphigus sera in
HaCaT cells, IgG might be involved in the activation of caspase-8 and caspase-3.

Conclusion: We concluded that treatment of pemphigus serum induces the apoptosis of HaCaT
cells through, at least in part, activation of caspase-8, caspase-3 and cytochrome c related
mechanism, and that IgG in the pemphigus serum rather than Fas ligand is involved in the
apoptosis. These results suggest that apoptosis may play an important role in the pathomechanism of
pemphigus lesion. (Korean J Dermatol 2004;42(7):862~869)
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fluorescence-activated cell sorter (FACS)
Mg Bote] golEa, MEDAAA F
Tl 9] procaspase-8, caspase-3, poly-ADP-ribose-polymerase
(PARP) 2 cytochrome c¢Z western bloto 2 -3}
we AEXF 3 Yo Fas ligand7} A ZAbe] oju] gt
&S mHE AE LolRr] 9sle]  enzyme-linked
immunosorbent assay (ELISA)S A]3)3dlo] % 7<le] A3}
HAxF Sxpe] % o] Fas ligand w22 ®la St
g on, protein AS o] &3dlo] IgGE A AT HAEFH A
< HaCaT A3 Fojsto], xR FHo| ©|g HaCaT
AES) AL gleiNl TgGel ol Tia) Lobn
Skt
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3} %1t} Western blot= A] 83} caspase-82] 7 A
Q] procaspase-8°] AT IHSS #AHIT 4+ glgon,
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1) HaCaT M= Hi¥

HaCaT Al ¥£+& 10% e o}& A (fetal bovine serum, FBS;
Gibco BRL, Grand Island, NY, USA)¥} 1% penicillin-
streptomycin  (Gibco BRL)S 3 7}g RPMI-1640 (Bio-
whittaker, Baltimore, MD, USA)S A| % vjfd o 2 AF&-3}
o, 37C, 5% CO2 FAHE FL7] (incubator)ol] A Hj
Sk Ad e AZA W Eehaz wAs 8%

FAE=E ARG w7tx] v g3t oF2, 0.05% trypsin (Gibco
BRL)¥} 53 mM EDTA (Amersham, Piscataway, NJ, USA)ES
Z 7}3l Hanks® balanced salt solution (Biowhittaker)ZS ©] -8
3l AEE W S ~325E E23a 20 %9 FBS
b EE RN uypsing FEAZ F A4 Beld

of olel 2 Av wiF st

2) dzZE 239 F0f

WG RAse 9} 1160 olgel A4 A3
(pemphigus  vulgaris; PV) €2} 2®3} 4G} HEF
(pemphigus foliaceus; PF) 2x} 2 o2 HE A AL

55TColA 30 &3 FolFol EAE Hl2A4s A7l Fo
pore size 0.22 yme] syringe filter (PALL, Ann Arbor, MI,
USA)E o] &3ato] Al AASIATH o LS 25 %9
TE7t HEE AXE wjgdo] Fosia 48 AVJ < A
Rassia=g

3) Fluorescence activated cell sorter (FACS)
=4

M EDAL £ 2 BD Pharmingen (San Diego, CA,
USA)ALe] annexin-V FITC kite] ZZE o] wle} )3}
%th HaCaT Ao HEF dHS Foldla 484 &

—863 —



Pl

2

Annexin V

Fig. 1. Pemphigus sera induced apoptosis determined by
flow cytometric analysis. HaCaT cells were treated with
either normal serum (B) or pemphigus sera (C-F) for 48h,
and stained with FITC-conjugated annexin V and propidium
iodide (PI) to assess viable cells (annexin V -negative and
PI negative, lower left quadrant), early apoptotic cells
(annexin V -positive, PI negative, lower right quadrant), and
late apoptotic/nonviable cells (annexin V -positive and PI
positive, upper right quadrant). The percentage of apoptotic
cells were increased in cells treated with pemphigus sera.
The indicated percentage means early plus late apoptotic
cells. (A: media only, B: normal serum, C: PFl, D: PF2, E:
PV1, F: PV2)

ot w3t Fo 53mM EDTAES 383 0.05% trypsin &
< ol &3t AEE ulg ZeaA uiEo A W Woh
XEZ 27bE PBSE 2 3 AlHE F 1x10° Ao AxE
£ annexin-V binding buffer [10 mM HEPES/NaOH (pH
7.4), 140 mM NaCl, 2.5 mM CaCI2] 1 mE H7}sto] B&
Al ZATh o] 714 100 05t # &}o] annexin V-FITC apoptosis
detection kit (BD Pharmingen)e]] £©]$]+ annexin-V £
5 19} propidium iodide (PI) LM 508 HUsle] A
Aol FH Ao WE st 15 3 9AIZ T
400 p0©] binding buffers © FH7lste] 1 A|7F o<
flow cytometry (BD biosciences, Bedford, MA, USA)=Z A
ZLnAE AT

4) TUNEL 444

Lab-Tek II chamber slide (Nalge Nunc International,
Naperville, IL, USA)ol| A} H]ekat 1x10° 7] 2] HaCaT A%
of AXF AL Fostm 48 A 7to] At Fo] PBSE
A3ttt PBSo| =<l 4% paraformaldehyde &< 200

: A28 A7E 20043

.
.

Fig. 2. Identification of apoptosis by TUNEL  staining.
HaCaT cells were plated in chamber slides and cultured in
RPMI. Cells were then treated for 48h with the addition
25% serum from either healthy subjects (B) or pemphigus
patients (C-F). Pemphigus sera induced HaCaT cell apo-
ptosis. Note bright, condensed nuclei of apoptotic cells. (A:
media only, B: normal serum, C: PFl, D: PF2, E: PV1, F:
PV2) (TUNEL stain, X 400)

wWE 7 st A2 1 AIZE Bk AEE 2P A
% chamber slideZ PBSE A|2]3dla blocking £94(3%
H>O, in methanol) 200 0E H7}ste] F2oA 10 &3+
blocking A]71 & PBSZE A3ttt T34 £40.1%
Triton X-100 in 0.1% sodium citrate) 200 (S Z 7}sle] &4
= $lellA 2 3 §HEAIZ B5 PBSE A 3tal In situ
cell death detection kit (Roche, Indianapolis, IN, USA )]
E9] %)= fluorescein labeled nucleotides, terminal deoxynu-
cleotidyl transferase (tdt)7} 33}¥ TUNEL reaction mixture
&9 50 0% Arkakel 3TN 1 A B WS AT
sto] BHEAIFTE o] PBSE 3 3] AT T FF dAn
73 (Olympus, Tokyo, Japan)©. 2 200 uje} 400 wj wj&=
#AAsl9t). FF3An| A9  excitation FAL 460-490 nm,
detection T#2 515 nm Aol EE A8t

5) Western blot

HaCaT M ¥o| JEXF HS T3 F 48 A7k <t
wjokal A E(1x10° cells)® PBSZ 2 3] A2 3te] RIPA
buffer [SO0 mM Tris-HCI (pH 7.5), 150 mM NaCl, 1%
NP-40, 0.5% DOC (deoxycholic acid, 0.1% SDS)]E ©| &3]
o AEES Eafsle] 14,000rpme g2 LA Esle] A
ARt MR Bolr ME FEAE AU AE FEFYS
o =r 30yg0® A EFslo] 14% polyacrylamide gelol]
125VE2 A7]99% Al7Zl & nitrocellulose  membrane
(Millipore, Bedford, MA, USA)S- ©o]-£-3}<] blotting A] 7] t}.
Membrane2- Red Ponceau S ®H 02 JMMA|A thulz S
gl3t oL 2 A1 F<F blocking buffer [1XTBS (pH 7.4),
0.1% tween-20, 5% nonfat milk] 2 blockingdt & 7}7} goat
3}A(Santa Cruz Biotechnology, Santa

]o OIN‘ ok

anti-procaspase-8
Cruz, CA, USA)= 1:100©. %, rabbit anti-caspase-3 3}
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Fig. 3. Western blot analysis of procaspase-8, caspase-3, PARP and cytochrome c after treatment with pemphigus sera for 48h in
HaCaT cells. Degradation of procaspase-8 (A), activation of caspase-3 (B), cleavage of PARP (C) and cytochrome c release in cytosol
(D) after treatment with pemphigus sera in HaCaT cells. (A: media only, B: normal serum, C: PF1, D: PF2, E: PV1, F: PV2)

(BD Pharmingen)= 1:2000©2.%, rabbit anti-PARP 3}
(Cell Signaling, Beverly, MA, USA)& 1:10002. 2, goat
anti-cytochrome ¢ 3} (Santa Cruz Biotechnology)+ 1:1002
2 12} A 34 L&A1 XTBS, 005 % tween-20, 5 %
BSA)o. & 3|AMate] 4T A W] ¥h-gAIZ] th& TBS/0.1
% tween-20 SMo 2 10 X 3 3] A3}, goat anti-
procaspase-8 &}A] 9} goat anti-cytochrome ¢ &A=  pero-
xidase-conjugated 22} 3A|(DAKO, Glostrup,
Denmark) 2, rabbit anti-PARP 3} ¢} rabbit anti-caspase-3
g} A & peroxidase-conjugated anti-rabbit 22} 3} A (DAKO)ZE

anti-goat

A}%—s}oc] TBS/0.05% tween-20 £olo] 1:1000 H] &= 3|4
A Ao 1 A7 B 92 A AT} Caspase-39] o] &t
13 ‘80}1-]]% 2433 Feje] caspase-39} wFLEE A
AHe5t9 Tk TBS/0.1% tween20 Solo@ 10 B8 3 3
A# g T ECL €9 (Amersham)o.Z 5 237 uSA|A
X-ray film (Agfa, Kontich, Belgium)d] 7+F#A|Zth 2&
TEe wwWlozm AYGEFE HUAEA EAsr] As
mouse anti- Sactin  &A|(Sigma, St Louis, MO, USA)<}
peroxidase-conjugated anti-mouse 232} A (DAKO)ES A}-&-

sfo] WhgAIZ

m\m r
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Fig. 4. Western blot analysis of procaspase-8 and caspase-
3 after treatment with IgG eliminated pemphigus sera in
HaCaT cells. The results showed no degradation of procas-
pase-8 (A) and no activation of caspase-3 (B) after
treatment with IgG eliminated pemphigus sera. (A: media
only, B: normal serum, C: PF1, D: PF2, E: PV1, F: PV2)
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6) Enzyme linked immunosorbent assay (ELISA)
HAEF dH WY Fas ligand =2 HFalr] s
sFas ligand ELISA kit (MBL, Nagoya, Japan)Z A}-&3}<]
Az ZR2EZ wat Al kaeld, ¥H
100 & A7} F2=o] glE 96-well plated] 3 7}sle]
FaoA 1 AIE Bt wHEAIZL F kite] E3E AlF &
Aoz 4 3 A3 kit EgE AF &d 100 U=
A7vete] AEelA 1 A B WA 4 3] A A
% kito] EFHE 71d & 100 pE H7bste] A-oA
30 #3F ¥hgAZl & Rk FA] §A(2N HS04) 100 &
3 ZulE TP S 450 nmol| A

7) =& 83 el 1gG MA

IgG9] Fc HE3 7}etA A3el= protein AS 33

$) & Pansorbin £ 9 (Calbiochem, San Diego, CA, USA)

HEG A 300 ol 30 w5 7kt 4 TolA W
HkS-A]7] 3 14,000 ppm o2 YA Easte] 1gGr} At

pellet> A A8t F5nt npz 23 sgith

o= mlo l—J

8) MZZ L cytochrome ¢ 22|

AEF S Fodsta 48 AIZF B 6-well plateo] A
wloket AE (1x10° cells)Z PBSZE A& ala 1.5ml &%
2] microtube (Eppendorf, Hamburg, Germany)el] &o}A 20
mM HEPES/KOH (pH 7.4), 250 mM sucrose, 10 mM KCl,
1.5mM MgClh, 2mM EDTA, protease inhibitor cocktail
(Boeheringer Mannheim, Indianapolis, IN, USA)Z FAH
4F 9 500 s FH7bste] FH3}71(IKA, Rawang, Mala-

A28 A75 20043
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Fig. 5. Fas ligand ELISA of pemphigus sera. There are
no significant difference of Fas ligand level between
pemphigus sera and healthy control sera [l:control sera
(n=6), 2:PF sera (n=10), 3:PV sera (n=13)] (p>0.05).

ysia) 2 TFAIAA 500 x g, 25 ColA] 5 & Z<l AR
g AT ASAS w2 Roba 13,000 x g, 4 TolA
20 & S oAl dAEE Ao f4AEE 9] pellet

nEZegjol EEoln, F3 L 100,000g, 4 TolA 60 &
oAl AR AIAA AEE ZEEFNES AU

2 I
1. Fluorescence activated cell sorter (FACS) =4

HAEA A 93t HaCaT | E9] A E3A}S Fluore-
scence-activated cell sorter (FACS)EA] o 2 <tolH gkr). 48
AIZE Bt v FE & ol FAE TSR] 2 AEet A
A BAHE T AxAA= A7 997%, 26%= A X
IAZE dojd WA, HXEA Fxle] A S TS Ax
AN E 57.11% HE 7047% % A EAL7F Zo] Lojytt}
ooz HEF Ao o8] HaCaT A ELo|A AlE1A}
7F doli5E & 4 AATH(Fig. ).

2. TUNEL €44

OFFALE FosA| Z2 AE9} A BHE Fog
A x| v AEF Ao HE Fogd MEoAM o
TS AXaAE #AFFo=RA HEXF AL g
HaCaT M| E9] Al EZuALE #913}9 th(Fig. 2).

3. Western blot

AEG Ao dH S AT AxdAE oM AR A
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Au] . ;g]%:

2stA] e AE HAA AL FAG M Eol H|
243l Feje] caspase-89] ZFA|Ql procaspase-80] FHa:
e = AU ol A ZAst FH

caspase-39} W|EZZglo} oA AExA=Z WEH cytoch-
rome ¢ HEZ 3zl A S A A EZolA #Es
At X3 PARPO AthS RIgto @A MEuAF
AR=S ¢ F U thFig. 3).

4. 1gG HHs MZE HIS
western blot Z1}

E0{st HaCaT AMIZEQ

a7 e IgGrF HxF dHd

Joll 23 HaCaT A %9
Kﬂ Ei/‘]'oﬂ /\1 01 111 E‘ﬂ— ol 2:;‘_:}‘- o —3]_{_7(]

o}iﬂ flste ¥
4 el IgGE AAD i 7 #kAte] ¥ A& HaCaT A X
o Foigk A7, ol FAE FoIsiA] e 1] o} g
S Fo3 Kﬂﬁig} H g S w procaspase-82] Tyl
% Wl A9 gldth E3 caspase-32] FAJstE A F

—
5, Ax%

g% Wl 1ot HEY °F
AZLAAN F23 8L o9

A

& & Auh
9] 3} HaCaT Al 39

o g2} Y7 h(Fig. 4).

5. Fas ligand ELISA Z1}

AEF Sxe] A 41 3 We| Fas ligand &
W oew 2lo]E GolH 7] 935to] Fas ligand ELISAS A
Jotach A Ax ZAQ A AxF S A
©] Fas ligand @ Fo== {94 zol& YA sk
t}(Fig. 5).
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AEFe Aus Aol FLE FYeE NEAA &
Y $EHABOR BY U gt ANFAL FE

Jhls) Jhael Ae A
A% Rl Dsg°ﬂ A7V AR 21084 A ol
4] plasminogen activator’} 2] S 24 plasminogen®| &
’gst=] o] plasmino] f2]=H Dsg?t S AEXAFEAS
wul BeAte AN sAe AsEA7) desmo-
gleinol] A 33} protein kinase C7} &4 315 11 DsgS <l
2+8}A) 7 Dsg plakoglobin®] Zgto] Zo]x| A ¥ i Dsg
7159 Edo] ZHEol Ax FAENYIE o=
Aelt. AAE A71A7} Dsgol Astel Dsgel 9
A7Z2E WA ZH Dsgdl 710l 2AFo] FAE
el 7k doldrhe Aol

g HEXF W oA SAEa o] AEILA
7h #EEge A7t Radn g adee AP

[e]

colFE o AxF EHo] AAGAE] AEAb wH

r1r
g;

AA AERAZE FAESHE F =
W g3 szt F5 & vk 22y
2 A Z3APE dojvh=Alol o

5ok

A|EZ3AH= DNA Aeh, AlX9 F4,
o] FAHc=w °]°1‘4D:] Tl A%

g A2t il Al s, /‘ﬂi*}“’é" 54 ¢ FH
o]t} N Ewto] TNF <84} Fas 83 2< death
receptord]] M EZTA} 257 Eojew A ZWQ] initiator
caspase?l procaspase-8°] #4133} e caspase-8C.E z-
2 A B}, Caspase-82 procaspase-35 caspase-32 A2
3l caspase-3v+= A= A XBAES FEA7]H  116kDag]
PARP7} 116kDa¥} 89kDao & Zejx AL g ozH
AZIAE FEEASS & & a2 Az
Aol A 71918t caspase-89]  EA3le}  o]o wE
caspase-32] ZAl3}lo] 3 M FEuA} HAEE extrinsic
pathway 2}3 &-T}”. Extrinsic pathway ¢]o] Bax Tz}
2L pro-apoptotic o] 2]k 2}=o] mitochondriaol A
cytochrome ¢c& AXd U2 FAr7)n AZH=Z UEH
cytochrome c& apoptotic protease activating factorl (Apaf-1)
I} Ag3te] caspase-95 FA A7 A caspase-3E
&5t AAM AZIAE FLAGHE ol9) o] mE
FglolZHE cytochrome c7} WZE¥ o] caspase-32] &
A3lo] o3t M EA} B EE intrinsic pathwayz}il 3o}
32621 L E extrinsic pathwayoll A 23} H caspase-8-2
Bid @& (BidE #21 tBide W EZE=g|old Eoj7t
ozx nEZ=g ol Yo 9= cytochrome c7} Al EF &
WZxE7 @t)®. #Zole endoplasmic reticulum  (ER)
stressol] S A= A Z1AE FRETGE A7t HalE
T 9,

2 AQANE AXF Bel Ao s AR
Eoq AEIAL FEAEAE Solrs] slshe] FACS
$A3 TUNEL 24€ Agaids, ol Aznit
oW 7ol oA dojuh=A] Lolr7] £35t] proca-
spase-8, caspase-3, PARP 18] 3l cytochrome cZ western
blot3 Fstd FAstAth =g dH el e Fas
ligand7} A E3LALel] om g JaFS WA =R Lolr7]
9lste] ELISAE Aldstion Hx3 I W IgG =
VA AZDAL fdell QlojA oju gt &S heA
Ttrast7] flel protein AS o] &3] IgGE AAF HE
% A& HaCal A Xo| FoAgozN 1 JT3 doli
Sk

12
Lo

r]I.
olo
[t o oo
ne
o
)
R

3} HaCaT Aﬂjﬁ"ﬂ’ﬂ /‘ﬂij’_*}ﬂ E.ﬂaia—g Annexin- V
o} PI 9141 o] &8 FACS £A }
TUNEL A A% AxF I3

o mlo
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AZEG AEF 3 FoI3 HaCaT Al LA v ©ol
AEDAL EES #Asth. Western blot 23}
procaspase-8¢] 75 & 4 AUt Procaspse-8°] FHae
243 P9l caspase-82] F7IE Uiy ol
casepase-8°] A3 HALSEL <onztt I GA 3
caspase-39} Z#l7l FEje] PARPE #F3}Yth o] e

At AEA Ao o3t MEZAL7) death receptorol]
9] 3} extrinsic pathwayol] 9J& =SS wsje=ch =

3 nEZ=gol25E WEEE cytochrome ¢ GA] A E

Ao Aol unEE=ZolE  ZHF3tE intrinsic
pathwayol] 9| = MEDAIZ} doAdS & 4 Ut

Fas ligand ELISA A3} 7le] A7 HxF ghate]
2 W9 Fas ligand 3 Z}o] 7} 1l Protein A
ol &3t dA U9 IgGE AAT HEF e &
S FoJ3gl HaCaT A|¥Eo|A & procaspase-82] whal <k
37} 91903 caspase-3 GA] A3 HA FkeS AF
)

-
lCl;_-'—l__

AX Ao ofs A GAEAA A
IARE HEFA A ] SA 2
fuol oW e el 3¢ & Ao B
o] 2]t HaCaT A X9 Al EIAFE= death receptor2}
caspase-8, caspase-3 A 3}E E3) extrinsic pathway SE4H
olyz}l, mEZE=golE 7 §3l= intrinsic pathwayo]
7HAel AR BE #EEo] doj dna & & dth
T A Ao 9|3 HaCaT A2 M EuAleE 8
W 9] Fas ligand Bt} IgG A 7FakA|o] o3t Aoz Az}
A=

].\.L

(

ES L @
A SE ol A
TUNEL ¢4 &
ol A

’d 8}, PARP9| %

e
gk
o
>

g F 48 AIZF B
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