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Report of 2 Cases and Retrospective Study of 18 Patients
With Drug-Induced Hypersensitivity Syndrome
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Background: Overt cytomegalovirus (CMV) disease is
a serious viral infection that usually occurs in immuno-
compromised patients but rarely in immunocompetent
patients. Cutaneous lesions, albeit rare, occur as late sys-
temic manifestations of CMV infections and are usually
fatal.

Observations: We describe 2 patients with drug-
induced hypersensitivity syndrome (one end of a spec-
trum of severe drug eruptions) who subsequently devel-
oped cutaneous CMV ulcers at unusual sites, such as the
trunk; this occurrence was immediately followed by gas-
trointestinal manifestations, which were fatal in 1 pa-
tient. To identify factors predictive of CMV disease; we

retrospectively investigated the prevalence of CMV re-
activation during drug-induced hypersensitivity syn-
drome in 18 patients. In this analysis, patients were di-
vided into 2 groups depending on the positivity of CMV
DNA in the blood.

€onelusions: Older and male patients with antecedent
high human herpesvirus 6 DNA loads are at risk for CMV
disease irrespective of corticosteroid administration. A
rapid reduction in white blood cell numbers is also pre-
dictive of the onset of CMV disease.
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VERT CYTOMEGALOVIRUS

(CMV) disease, predomi-

nantly induced by reac-

tivation of latent CMV,

can be produced in an
immunosuppressed host, such as organ
transplant recipients, patients with AIDS,
and those receiving immunosuppressive
agents,' but rarely in immunocompetent
individuals. Although CMV disease in an
immunosuppressive setting usually pre-
sents as visceral disease ranging from pneu-
monia to various other, widely dissemi-
nated, diseases,? cutaneous manifestations
are rare and variable; they include skin ul-
cerations, morbilliform eruption, pur-
pura, vesiculobullous lesions, nodules,
papular eruptions, and verrucous le-
sions, regardless of whether the CMV is
specific or nonspecific.>® These lesions oc-
cur as late systemic manifestations of CMV
infections and are usually fatal.” Be-
cause the localized CMV ulceration usu-
ally seen in these patients has a predilec-
tion for the genital or perineal area,!®
cutaneous ulcers located in other areas are
not usually regarded as signs of cutane-
ous CMV infection. In particular, the de-
velopment of cutaneous CMV ulcers on the
trunk is rare in the human immunodefi-
ciency virus—negative population.' We de-

scribe 2 patients with drug-induced hy-
persensitivity syndrome (DIHS), a life-
threatening multiorgan system reaction
caused by a few drugs,’*™* who subse-
quently developed cutaneous CMV ul-
cers on the trunk. This event was eventu-
ally followed by the development of
gastrointestinal manifestations, which were
fatal in one patient but not in the other.
On the basis of the severity of complica-
tions caused by CMV reactivations, we ret-
rospectively analyzed factors involved in
the development of CMV disease in 18 pa-
tients with DIHS treated at Kyorin Uni-
versity Hospital.

REPORT OF CASES
CASE 1

A 74-year-old man had a 3-week history of
progressively worsening generalized ery-
thematous rashes. Seven weeks earlier, he
had been prescribed mexiletine hydrochlo-
ride, 100 mg/d, for arrhythmia. On day 31
of medication use, the eruption began with
erythema on his chest and gradually wors-
ened during the next 2 weeks. Four days af-
ter the patient stopped treatment with mexi-
letine, the eruption rapidly spread across the
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Figure 1. Multiple ulcerated erythematous papules distributed across the
upper back (case 1). The Inset shows a close-up view of the papules.

trunk and extremities and was accompanied by a high-
grade fever. He was admitted to the hospital with suspi-
cion of having DIHS. Laboratory tests revealed leukocyto-
sis (white blood cell count, 14 500/L [to convert to X10°
per liter, multiply by 0.001] [reference range, 3500-8000/
pL]), with eosinophilia of 17% (to convert to a proportion
of 1.0, multiply by 0.01) and atypical lymphocytosis of 5%
(to convert to a proportion of 1.0, multiply by 0.01), and
liver dysfunction. The medical history of the patient was
significant for coronary artery disease since 2001, which
had required percutaneous coronary intervention.

The diagnosis of DIHS was made, and oral predniso-
lone (50 mg/d) therapy was begun. One week after start-
ing systemic prednisolone therapy, there was signifi-
cant improvement in his condition, and the erythematous
rashes faded. On hospital day 16, 2 days after the oral
prednisolone dose was tapered to 40 mg/d, he devel-
oped multiple 8- to 10-mm ulcerated erythematous
plaques and papules with raised borders on his trunk
(Figure 1). The eruption began suddenly, and the pap-
ules were distributed mainly on the upper back. Skin bi-
opsy showed cytomegalic cells with a characteristic “owl’s
eye” intranuclear inclusion in the upper dermis
(Figure 2A). The CMV infection was confirmed by the
use of immunohistochemical analysis (CMV monoclo-
nal antibody) (Dako, Cambridgeshire, England)
(Figure 2B). Because his ulcerations did not improve with
oral prednisolone therapy, intravenous immunoglobu-

Figure 2. Histologic and immunohistochemical findings on the border of the
ulcer. A, Microscopic examination shows an acanthotic epidermis adjacent to
central epidermal necrosis and a superficial perivascular infiltrate of
lymphocytes and neutrophils (hematoxylin-eosin, original magnification

X 40). The inset shows a higher magnification (x640) of the eosinophilic
intranuclear “owl's eye” inclusion surrounded by a clear halo that sharply
demarcates it from the nuclear membrane. Skin biopsy of ulcerated
erythematous papules on the trunk shows cytomegalic cells with a
characteristic “owl's eye" intranuclear inclusion in the upper dermis.

B, Immunchistochemical detection of cytomegalovirus antigens.
(cytomegalovirus monoclonal antibody, original magnification x40). The
inset shows monoclonal antibody for cytomegalovirus stains infiltrating celis
around the blood vessels (original magnification x160).

lin (0.1 g/kg/d) was administered, with significant im-
provement in his ulcerations. After the identification of
CMYV infection in the biopsy specimens of these cutane-
ous ulcers, treatment with ganciclovir (200 mg/d intra-
venously) was added on hospital day 50, and the oral pred-
nisolone dose was gradually tapered to prevent relapse
of various symptoms of DIHS.

Although the ulcers showed gradual signs of healing,
the patient noticed abdominal distention and lower back
numbness, followed by abdominal pain on hospital day 47.
On hospital day 61, he suddenly experienced hemor-
rhagic shock caused by gastrointestinal bleeding, which in-
dicated the diagnosis of CMV enterocolitis; respiratory in-
sufficiency and unconsciousness followed. He died of
respiratory failure on day 84 of hospitalization. The clini-
cal course and laboratory findings are summarized in
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Figure 3. Clinical course and laboratory findings of case 1. CF indicates complement fixation; GMV, cytomegalovirus; EBY, Epstein-Barr virus; EIA, enzyme-based
imrmunoassay; FA, fluorescent antibody technique; HHV-6, human herpesvirus 6; and WBGC, white blood cell. To convert platelet count to x10° per liter, multiply

by 1.0; WBC count to X 10° per liter, multiply by 0.001,

Figore 3. A brief description of the sequential herpesvi-
rus reactivation observed in this patient has been previ-
ously published.'?

CASE 2

An 8l-year-old man was referred to Kyorin University
Hospital because of a 1-week history of fever and itchy
generalized erythematous rashes. One month before the
eruption appeared, the patient had begun to take allo-
purinol, 300 mg/d, for hyperuricemia. The eruption be-
gan on the neck and chest but quickly spread across the

entire body and was accompanied by a high-grade fever.

On examination, his temperature was 38.3°C and his
white blood cell count was 14 200/pL, with eosinophilia
0f 28% without any atypical lymphocytes. Renal function
tests revealed a serum creatinine level of 33.7 mg/dL (to
convert to micromoles per liter, multiply by 88.4) (refer-
encerange, <22.0 mg/dL) and aserum ureanitrogen level
of 34 mg/dL (to convert to millimoles per liter, multiply
by 0.357) (veference range, 10-24 mg/dL). Skin examina-
tionrevealed a widespread maculopapular eruption across
the entire body that coalesced into purpuricerythematous
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plaques on the lower legs. The face was edematous and
exudative, with yellowish small crusts. The suspected di-
agnosis was DIHS. Allopurinol therapy was discontinued
onday 1 of hospitalization. Corticosteroids were withheld
because of the patient’s history of hepatitis C virus infec-
tion due to blood transfusior, and he was treated with sup-
portive therapy. Fever persisted, however, and his physi-
cal status deteriorated during the first 12 days of hospi-
talization. From days 12 to 25 of hospital admission, the
patient received intravenous immunoglobulin (0.05 g/kg/
d); his fever and skin eruptions gradually improved.

On hospital day 25, he developed a 6-mm-diameter
red papule with central ulceration and urticarial ery-
thematous lesions on his trunk. Skin biopsy of the pap-
ule taken from the trunk showed perivascular lympho-
histiocytic infiltration in the dermis; cytomegalovirus
antigens were detected in mononuclear cells in the up-
per dermis by means of immunohistochemical analysis.
On the same day, his hemoglobin level suddenly de-
creased from 9.0 to 6.9 g/dL (to convert to grams per li-
ter, multiply by 10.0). Emergency endoscopic examina-
tion revealed gastric “punched-out” ulcers (Figure 4).
Endoscopic clipping and blood transfusion were per-
formed immediately. On the basis of these findings, cu-
taneous CMV infection probably associated with CMV
gastritis was diagnosed. Treatment with ganciclovir, 200
mg/d, was started. Cutaneous CMV ulcers and gastroin-
testinal bleeding improved after 2 weeks; the leukocyte
CMV load decreased from 3.2 X 10° per 10° leukocytes
to undetectable levels, and no CMV antigenemia was de-
tected 1 month after hospital admission.

RETROSPECTIVE ANALYSIS

On the basis of the severity of complications caused by CMV
reactivation, we reasoned that a retrospective analysis should
be performed of patients who met the full criteria for DIHS."
Between January 1, 2002, and December 31, 2006, 18 pa-
tients (10 men and 8 women; age range, 24-81 years; mean
[SD] age, 50.6 [4.2] years) who developed DIHS and were
treated at Kyorin University Hospital were enrolled in this
study. This study was approved by the institutional re-
view board at Kyorin University School of Medicine. Eigh-
teen patients with DIHS were CMV seropositive and were
examined for CMV load in sequential blood samples by
means of polymerase chain reaction (PCR) assay at bi-
weekly intervals for 10 weeks after onset; this was per-
formed as part of a standard operating procedure for de-
tecting sequential herpesvirus reactivation at the Department
of Dermatology, Kyorin Uniiversity School of Medicine, to
analyze the temporal appearance of and complications
caused by CMV reactivation. Overall, 6 of 18 patients (33%)
tested were positive for CMV DNA in the blood by means
of quantitative PCR assay, whereas 12 remained quantita-
tively PCR assay negative during surveillance, and none of
these patients had evidence of CMV disease. The 6 pa-
tients in whom CMV DNA was detected at least once were
included in the definition of “CMV DNA-positive DIHS.”
These patients were compared with the 12 patients in whom
CMV DNA was not detected, defined as “CMV DNA-
negative DIHS.” On average, treatment with systemic pred-
nisolone was initiated 3 to 5 days after the onset of symp-

Figure 4. Arterial bleeding from “punched-out” gastric ulcerations on
endoscopic examination {patient 2).

toms suggestive of DIHS; the initial dose of prednisolone
used was 0.8 to 1.0 mg/kg/d. The prednisolone dose was
tapered to 50% in 6 weeks and to zero in 3 months gradu-
ally after full control was achieved. Results were analyzed
for statistical significance by the use of the paired t test and
Microsoft Excel (Microsoft Corporation, Redmond, Wash-
ington). Differences between groups were considered sig- -
nificant at P <C.05.

The results of this retrospective analysis are given in
Table 1 and Table 2. Patients with CMV DNA-positive
DIHS had an older mean [SD} age at onset than did those
with CMV DNA-negative DIHS (62.0 [7.8] vs 45.4 {4.2]
years), although not significant, and a male predomi-
nance. Human herpesvirus 6 (HHV-6) reactivations were
detected by means of PCR assay 3 to 4 weeks after DIHS
onset in both groups. However, HHV-6 DNA loads de-
tected were significantly higher in CMV DNA~-positive DIHS
than in CMV DNA-negative DIHS (1.5 X 10* vs 7.5 X 10",
P=.01). No significant difference was detected in the in-
terval between onset and HHV-6 reactivation. In 4 of the
6 patients with CMV DNA-positive DIHS, CMV DNA was
initially detected 4 to 5 weeks after onset, but in 2 pa-
tients, the onset of CMV DNAemia occurred at 7 weeks.
All of the patients with CMV DNA-positive DIHS were
symptormatic, ranging from a low-grade fever to lumbago
on detection of CMV DNA in the blood. Four patients in
the CMV DNA-—positive DIHS group (67%) were receiv-
ing immunosuppressive treatment with prednisolone, and
5 patients in the CMV DNA-negative DIHS group (42%)
were receiving prednisolone. These results indicate that both
groups included patients whose disease at presentation was
sufficiently severe to warrant systemic corticosteroids. The
median interval between initiation of prednisolone therapy
and the onset of CMV disease was 22 days (range, 14-49
days) in the CMV DNA-positive group. Gastrointestinal
CMV disease was observed in the 2 cases presented herein
only immediately after detection of CMV DNA in the blood.
Quantitation of PCR assay demonstrated a relationship be-
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Abbreviations: CMV, cytomegalovirus; DIHS, drug-induced hypersensitivity syndrome; HHV-6, human herpesvirus 6; Vig, intravenous immunoglobulin; NA, not

applicable; ND, not detected; +, yes; -, no.
2Virus DNA copies per 10° leukocytes.
bGomplement fixation test.

Abbreviations: CMV, cytomegalovirus; HHV-6, human herpesvirus 6.
3Unpaired ¢ test,

bFisher exact test.

©Virus DNA copies per 108 leukocytes.

tween CMV load and disease severity: the highest level of
CMV DNA (3.4 X 10° genomes per 10° leukocytes) was de-
tected in case 1, when the patient developed fatal gastro-
intestinal CMV disease. White blood cell counts at the time
of CMV reactivation were significantly lower than were those

"1 week before CMV reactivation in CMV DNA-positive
DIHS (Figure 5).

——

Because it is widely believed that cutaneous CMV dis-
ease arises from reactivation of a local latent virus or by
autoinoculation in periorificial areas by fecal, urinary, or
salivary shedding of CMV,'® CMV ulcers limited to un-
usual sites, such as the trunk, will go unrecognized un-
less a search is made to identify relevant pathogens. These
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Figure 5. Alterations in white blood celi counts 1 week before and at the time
of cytomegalovirus reactivation in patients with cytomegalovirus
DNA-positive drug-induced hypersensitivity syndrome. The patient numbers
correspond to those in Table 1. *P=.04 (paired f test). To convert white
blood cell count to < 10° per liter, muitiply by 0.001.

cases indicate the need for monitoring of CMV reactiva-
tion even in immunocompetent patients, particularly
when unexplained ulcers suddenly develop in patients
with DIHS, and suggest that a high index of suspicion
and early intervention may decrease morbidity, as in case
2. These cases raise the question of why CMV ulcers were
exclusively located on the trunk and shoulders, where
CMV ulcers are rarely seen, but not in the anogenital sites.
Although comprehensive explanations are unavailable,
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we suggest the presence of unrelated preexisting factors
that contribute to CMYV reactivation in these lesions, which
may increase the risk of ulceration. In view of the pre-
vious observations that anogenital ulcers frequently
develop after erosive lesions associated with herpes sim-
plex virus infection in human immunodeficiency virus—
infected patients,'t a preceding herpesvirus reactivation
may play a pivotal role in CMV reactivation. Given the
potential interaction of HHV-6 with other herpesvi-
ruses in DIHS and the ability to activate Epstein-Barr vi-
rus, CMV, and human papillomavirus,'’!# it is attrac-
tive to suppose that the preceding HHV-6 reactivation
may have induced CMV reactivation, with the result of
the sequential development of CMV ulcers at a particu-
lar anatomical location. Indeed, the present sequential
analyses of patients with DIHS by means of real-time PCR
revealed a good correlation between the degree of pre-
ceding HHV-6 DNAemia and a clinically significant CMV
reactivation as evidenced by CMV antigenemia or a dra-
matic increase in leukocyte CMV loads. Other studies'®
in the setting of bone marrow transplantation also dem-
onstrated that CMV reactivation is consistently pre-
ceded by HHV-6 reactivation. If so, patients with DIHS,
in which HHV-6 reactivation is commonly seen, would
be at risk for subsequent CMV disease.

Another intriguing question about these cases is which
factors are responsible for the development of CMV ul-
cers, which usually occur in the setting of immunosup-
pression. The risk factors associated with CMV disease are
those that affect cell-mediated immunity because cell-
mediated immunity is the critcal host defense for prevent-
ing CMYV reactivation. Could the widespread reactivation
of CMV be a mere complication of treatment with oral pred-
nisolone? In fact, in case 1, overt CMV disease developed
approximately 2 weeks after initiation of oral predniso-
lone therapy. However, after careful consideration of the
timing of overt CMV ulcers, we noted that the CMV ul-
cers developed soon after tapering the dose of oral pred-
nisolone. Although it is clear that long-term immunosup-
pression due to therapy with prednisolone will place a
patient at risk for CMV reactivation, the present patient (case
1) had been taking prednisolone for only 2 weeks before
the onset of CMV ulcers: such short-term prednisolone
therapy is unlikely to be the major cause of CMV disease.
Indeed, recent investigators® found no significant ad-
verse outcomes associated with short-term use of pred-
nisolone in advanced human immunodeficiency virus in-
fection. Alternatively, this patient may have had a
background of quiescent CMV disease before the onset of
DIHS. Cytomegalovirus infection may have already been
established before the onset, although it had not been clini-
cally recognized.

Unrecognized CMV infection in immunocompro-
mised patients may often lead to exacerbation of their
underlying diseases and even death, as with patient 1.
Because gastrointestinal CMV diseases, in particular, are
unpredictable and often take a rapidly fatal course in these
settings, a high index of suspicion and early recognition
are needed for efficient management of patients who un-
dergo immunosuppressive therapy. Despite the docu-
mentation of a range of cutaneous and gastrointestinal
manifestations, the synchronous occurrence of skin ul-

cers and gastrointestinal ulcers as shown in patients 1
and 2 herein has rarely been reported. The present cases
indicate that cutaneous ulcers that occur in an unusual
site as a relatively late systemic manifestation of DIHS
would usually portend a fatal course. According to the
retrospective study, CMV disease or CMV reactivation
would occur during a predictable time course: in most
patients with CMV DNA-positive DIHS, CMV DNA was
detected during a critical 4- to 5-week period after on-
set, when patients often receive immunosuppressive
agents and are at risk for infection. Consistent with this
observation, Seishima et al*! noted that CMV reactiva-
tion in all 7 patients with DIHS detected on days 32 to
51 after onset, a time that corresponded to 10 to 21 days
after HHV-6 reactivation; however, in these patients, no
fatal CMV disease developed, and risk factors for fatal dis-
ease were not provided. The results of the retrospective
study indicate that aged, particularly older than 60 years,
and male patients with DIHS are at risk for overt CMV
disease approximately 4 to 5 weeks after onset and that
arapid reduction in white blood cell counts may be a use-
ful predictor of CMV disease. Thus, we, for the first time,
to our knowledge, provide clinical factors predictive of
the onset of fatal gastrointestinal CMV disease in set-
tings that are not overtly immunocompromised.

Given the extremely high mortality rate of this infec-
tion, CMV disease, in particular, gastrointestinal CMV
disease, must be ruled out in patients with DIHS, who
developed inconspicuous ulcers 4 to 5 weeks after the
onset of DIHS, coincident with a rapid reduction in white
blood cell counts. Whether earlier treatment with gan-
ciclovir would have altered the fate of these patients with
CMV reactivation is unclear because previous articles®
described that many immunocompromised patients who
showed cutaneous ulcers as a late systemic manifesta-
tion died within 2 weeks after onset. Nevertheless, early
consideration and identification of CMV reactivation by
means of PCR analyses are crucial for the establishment
of the diagnosis in otherwise difficult-to-treat ulcers and
for the improvement of the prognosis.
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=2 & HHV-6 DNA O & 2D & X (2R3 5 N ABRRRIE R TOEMR

HHV-6
DNA
Days Copy
Agel after  number  HHV-6
No, _sex Causative drug _ onset _(copies/ml) IgG titer Flaring of symptoms
T 44/M  Carbamazepine 12 0 80
13 3300 80
16 2400000 80  Fever (day 16-18)
17 1600000 80
18 4300 320 Hepatitis (day 18, ALT 404)
19 0 10240
2 22M Phenobarbital 15 1] 20
Zonisamide 22 310000 20  Hepatitis (day 24, ALT 1200)
29 0 5120
3 66/M Mexiletin 20 0 <20
24 1200 <20  Hepatitis {day 27, ALT 505)
27 73000 20
32 0 640
4 72M phenytoin i2 6700 40
14 2800 40  Fever (day 14-17)
15 57000 80
18 0 10240
5 55/F  Carbamazepine 12 60000 20
14 51000 80  Hepatitis (day 15, ALT 519)
18 0 640
6 88/F  Carbamazepine 14 {6000 80  Fever (day 13-18)
16 40000 80
20 270 10240
23 0 10240
7 59/F  Carbamazepine 13 0 40
i5 1100 40 Fever (day 15-19), skin rash
16 14000 40
20 980 1280 Hepatitis (day 20, ALT 210)
23 0 1280
8 45M Allopurinol 9 0 80
11 5100 80
12 12000 80  Hepatitis (day 12, ALT 365)
17 ¢ 0240
9 4F Phenytoin 23 0 40
24 3400 40
25 7800 40
26 1000 40
28 0 640  Hepatitis (day 28, ALT 97)
10 55M Phenytoin 13 0 80
19 6600 80  Fever (day18-21)
23 0 1280 Hepatitis (day 22, ALT 280),
skin rash
11 28/M Salazosulfapyridine 4 0 160
11 6200 160  Hepatitis (day 13, ALT 250)
21 0 1280
12 S2/F Allopurinol 19 0 20
25 6000 20 Fever (day 22-27)
32 0 2560
13 49/F  Carbamazepine 14 6000 20  Fever (day 14)
28 0 1280
14 39/F Allopurinol 22 0 <20
24 200 40
27 2900 40  Fever (day 25)
34 0 1280 Hepatitis (day 31, ALT 666)
15 40/F Mexiletin il 0 30
14 750 80  Fever {day 14-16)
19 0 1280 Hepatitis (day 17, ALT 143)
16 30/M  Carbamazepine 17 0 <20
21 310 20
24 0 1280 Hepatitis (day 26, ALT 729)
17 78M Allopurinol 9 0 160
13 300 160  Fever (day 11-14),
18 0 1280 Hepatitis (day 16, ALT 850)
18 51/F  Carbamazepine il 0 160
23 120 5120 Hepatitis (day 23, ALT 200)
26 20480

(C#k 14 £ Y BIAD)

25



26 (WA #59% %1%,

100000

10000
9 :/
g c o f. o/ O
:.; 1000 /”/'//
: B
x /IFI/A V¥,
< fibd.ngy.

100 ’ '
< 107 T T T T
0 10 20 30 ) 50

Days after onset

1 HHV-6IgG H&MD LR
38 Bl 3295 B % ¢ HHV-6 1gG Hiibflion 4 L Eo EF 427, Mit, HAGOEH LAgS0AEELTWE, HFKRED
ERE, BERI0BEUMEICHETY, 0ABFCc R LA (B 14 X3

X3 EHMABEERE OBMEE
TERR

LERONAEARSGICEREICEL, BFRCILAT AR, UIEUITHAEEICEITT 5,

2. IESAIR R D 2 NPl BT 5

3.38 FELL L D& R

4. JFtRReEE

5. MEFMEE . abec D) b—D2E
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6. U v NHIEIR

7. HHV-6 O BiH AL

B DIHS @ 1~7&7T
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Drug-induced hypersensitivity syndrome and HHV-6 reactivation

Mikiko TOHYAMA, Koji HASHIMOTO

Department of Dermatology, Ehime University Graduate School of Medicine

Drug-induced hypersensitivity syndrome (DIHS) is an adverse reaction with clinical signs of
fever, rash, and internal organ involvement. The culprit drugs of DIHS are limited to several drugs such
as carbamazepine, phenytoin, phenobarbital, allopurinol, salazosulfapyridine,
diaphenylsulphone, and mexiletine. The association of HHV-6 reactivation with DIHS has been
known. Flaring of symptoms such as fever and hepatitis is closely related to HHV-6 reactivation. A
combination of immunologic reaction to a drug and HHV-6 reactivation results in the severe course of
DIHS.
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Cellular immune response

IL-17 and IL-22 mediate IL-20 subfamily cytokine
production in cultured keratinocytes via increased
IL-22 receptor expression

Mikiko Tohyama, Yasushi Hanakawa, Yuji Shirakata, Xjuju Dai,
Lujun Yang, Satoshi Hirakawa, Sho Tokumaru, Hidenori Okazaki,
Koji Sayama and Koji Hashimoto

Department of Dermatology, Ehime University Graduate School of Medicine, Shitsukawa,
Toon-city, Ehime, Japan

1L-20 cytokine subfamily members, including IL-19, IL-20, and IL-24, are highly expressed in
psoriatic skin lesions. Here, we demonstrate that psoriasis mediators IL-17 and IL-22 syner-
gistically induce the production of IL-20 subfamily proteins in cultured human keratinocytes.
Interestingly, expression of the IL-22 receptor (IL-22R) also increased in epidermal lesions
versus normal skin, IL-22R over-expression using an adenoviral vector to mimic psoriatic
conditions in cultured keratinocytes significantly enhanced 1L-17- and IL-22-induced produc-
tion of IL-20 subfamily cytokines. Furthermore, IL-17 and IL-22 coordinately enhanced MIP-3q,
IL-8, and heparin-binding EGF-like growth factor (HB-EGF) production, depending on the
amount of IL-22R expression. Additionally, because IL-20 and IL-24 share the IL-22R with
1L-22, the function of IL-20 and 1L-24 was also increased. 1L-20 and IL-24 have effects similar to
that of 1L-22; IL-24 showed more potent expression than IL-20. A combination of 1L-24 and
IL-17 increased the production of MIP-3«, 1L-8, and HB-EGF, as did a combination of 1L-22 and
1L.-17. These data indicate that increased IL-22R expression in epidermal keratinocytes
contributes to the pathogenesis of psoriasis through enhancing the coordinated effects of IL-22
and IL-17, inducing the production of the IL-20 subfamily, chemokines, and growth factors.

Key words: Chemokine - Cytokine . Dermatitis - Epithelial cells - Inflammation

Introduction sach as human beta-defensin 2 (HBD2) and LL-37 [1-5].

Chemokines produced by epidermal keratinocytes are important
in recruidng inflammatory cells to the skin, and the chemokine
expression pattern in psoriasis is different from that in atopic
dermatitis, another common chronic inflammatory skin disease
[3, 4]. In particular, expression of MIP-3u and IL-8 is strongly up-
regulated in psoriatic epidermis compared with atopic dermatitis;
these chemokines recruit T lymphocytes and neutrophils,
respectively. Over-expression of several growth factors, such as
heparin-binding EGF-like growth factor (HB-EGF), TGF-u, epi-
regulin, and amphiregulin, has been reported, and may contri-
bute to the epidermal hyperproliferation in psoriasis {6-9].
Cytokines produced by Th17 cells, including IL-17 and IL-22, are

Psoriasis is a common chronic inflammatory skin disease, and
typical lesions are well-circumscribed red plaques covered by a
silvery white scale. Histologically, hyperkeratosis and epidermal
hyperplasia with suprapapillary epidermal thinning are observed,
with neutrophilic microabscesses and the disappearance of the
granular layer. Vasodilation and infiltration of leukocytes are also
seen in papillary dermis.

Epidermal keratinocytes from psoriatic lesions produce
abundant chemokines, growth factors, and antimicropeptides,
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generally accepted to be involved in the development of psoriasis
{10]. 11-17 acts directly on keratinocytes and regulates the
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production of MIP-3¢, [1-8, and HBD2 [5, 11, 12], whereas IL-22
regulates keratinocyte differentiation [5, 13-15]. In addition,
treatment of reconstructed skin with I-22 induces epidermal
hyperproliferation and the disappearance of the granular layer,
characteristic features of psoriasis [5, 13, 15]. While the IL-17
receptor is highly and widely expressed in normal human tissue,
expression of the receptor for IL-22 is relatively limited. Receptors
for IL-22 are the IL-22 receptor (IL-22R) and the IL-10 receptor 2
(IL-10R2) [16]. Although IL-10R2 is expressed in a variety of
normal human tssues, including immune cells, IL-22R mRNA is
detected only in the pancreas, small intestine, colon, liver, lung, and
skin, but not in immune cells [15, 17-20]. These findings indicate
that skin is among the limited target tssues of IL-22.

1L-22 belongs to the IL-10 family, which also includes IL-19,
1L-20, 1L-24, 1L-26, 11-28, and 1IL-29 [21]. Although the amino acid
sequences of these cytokines are homologous to that of IL-10, their
funcdons differ. 11-19, IL-20, and IL-24, the so-called IL-20
subfamily, have similar functions to 11-22 [13]. The IL-20 subfamily
signals through IL-22R/IL-20R2 and/or the IL-20R1/IL-20R2
complex [22, 231, and the IL-20 subfamily and IL-22 induce STAT3
phosphorylation. Recently, STAT3 phosphorylation in epidermal
keratinocytes has been implicated in the development of psoriasis
[24]. Thus, the over-expression of IL-19, IL-20, and IL-24 in psoriatic
skin lesions {17, 25, 26] may play an important role in the patho-

Eur. J. Immunol. 2009. 39: 2779-2788

genesis of this disease. The production of IL-20 subfamily in
monocytes has been characterized by many groups [19, 27-29].
Furthermore, the regulation of 1L-19, IL-20, and IL-24 expression in
keratinocytes was also investgated [13, 17, 25]. Recently, the effect
of Th17 cytokine in producing these mediators was suggested. In
bronchial epithelial cells, IL-17 induces the production of IL-19 [20].
Sa et al. demonstrated that 1L-22 increased IL-20 mRNA expression
in epidermal keratinocytes [13]. Here, we demonstrate that Th17
cytokines induce IL-19, IL-20, and IL-24 production in keratinocytes.
This production was especially enhanced by stimulation with IL-17
and IL-22 in combination. Addidonally, we found that
IL-22R expression was elevated in psoriatic epidermis. When IL-22R
expression increased, the response to a combination of IL-17 and
1L-22 was strengthened, producing the IL-20 subfamily, and the
responses for IL-20 and IL-24 were also augmented via IL-22R.

Results

IL-19, IL-20, and IL-24 expression in psoriatic
epidermis

Previous reports demonstrated that IL-19, IL-20, and IL-24 mRNA
expression increased in psoriatic skin lesions compared with normal
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Figure 1, IL-19, IL-20, and 1L-24 expression in normal and psoriatic epidermis. IL-19, IL-20, and IL-24 expression levels were determined by real-
time RT-PCR and immunostaining. (A) Total RNA was extracted from the epidermis of nine normal and 11 psoriatic skin samples. The expression
of 1L-19, IL-20, and IL-24 was analyzed by real-time RT-PCR, with cyclophilin as house keeping control. Data show mean +SD. **p<0.01. (B) Frozen
sections of four normal and six psoriatic skin samples were stained with antibodies against IL-19, IL-20, and IL-24. Scale bar, 50um.
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skin [17, 25, 26]. In these studies, total RNA was extracted from
whole skin. However, this method results in the inclusion of RNA
from dermal cells (e.g. fibroblasts, endothelial cells) and inflamma-
tory cells. Therefore, we extracted total RNA from normal and
psoriatic epidermis after first heat-separating the epidermis from the
dermis. Heat separation does not influence the stability of RNA {9].
1L-19, IL-20, and 1L-24 mRNA expression levels were then analyzed
via real-ime RT-PCR. After 40 PCR cycles, 1L-20 mRNA was
detected in normal epidermis, whereas IL-19 and IL-24 were not
(Fig. 1A). In contrast, psoriatic epidermis showed up-regulated
IL-19, IL-20, and IL-24 mRNA expression.

1L-19, IL-20, and IL-24 protein expression was analyzed via
immunostaining. Normal epidermis expressed IL-19, IL-20, and
IL-24 (Fig. 1B). Pretreatment of antibodies with their corre-
sponding recombinant cytokines blocked this reactivity (data not
shown). IL-20" cells were also observed in the upper dermis; they
were also stained using macrophage-specific antibodies (data not
shown), as described previously [30]. IL-24" cells in the epider-
mis were identified as Langerhans cells based on CDla co-
expression (data not shown). In psoriatic skin, IL-19, IL-20, and
1L-24 expression increased significantly throughout the entire
epidermis. These results suggest that psoriatic keratinocytes show
increased IL-20 subfamily protein production.

IL-17 enhanced IL-19, IL-20, and IL-24 mRNA expres-
sion in cultured keratinocytes

We examined the effects of IL-17 on cultured keratinocytes,
which express IL-17 receptor mRNA at a level almost equal to that
of normal epidermis (data not shown). In cultured keratinocytes,
1L-20 and IL-24 mRNA, but not IL-19 mRNA were detected in the
steady state. IL-17 treatment induced time-dependent increases
in 1L-19, IL-20, and 1L-24 mRNA expression (Fig. 2).

IL-22 enhanced IL-19, IL-20, and IL-24 mRNA expres-
sion in cultured keratinocytes

To evaluate the effect of IL-22 on IL-20 subfamily production in
cultured epidermal keratinocytes, we first examined the

Cellular immune response

expression of receptors for this cytokine. IL-22 receptors
include both IL-22R and I1L-10R2. The expression of 1L-22R, but
not of IL-10R2, was suppressed in cultured keratinocytes, as
previously reported (Fig. 3A) [13]. Next, we examined
whether IL-22R expression level was modulated by the differ-
entiated state of keratinocytes. Keratinocytes were cultured with
a high concentration of calcium, a differentiation-inducing
factor, and IL-22R mRNA expression was analyzed. However,
the IL-22R mRNA expression level was not increased, compared
with undifferentiated keratinocytes (data not shown). Thus,
we used an adenoviral vector (Ax) carrying IL-22R (AxIL22R) to
increase expression in cultured keratinocytes. When cultured
keratinocytes were infected with AxIL22R for 48h, increased
IL-22R  expression was confirmed by Western blotting
(Fig. 3B) and flow cytometry (Fig. 3C). Moreover, we
detected IL-22R expression beginning 24h after adenovirus
vector infection, and the infection resulted in the
constant expression of IL-22R, depending on the MOIL In
keratinocytes infected with AxIL22R, IL-20, IL-24, and IL-22
induced STAT3 phosphorylation at 15min and 24h after
stimulation (Fig. 3D).

In control keratinocytes, 1L-22 enhanced the mRNA expres-
sion of 11-20 and IL-24 after 1h, but did not increase 1L-19
expression (Fig. 4). In keratinocytes infected with AxIL22R, 1L.-22
stimulation also induced a marked increase in IL-20 and IL-24
mRNA expression, which peaked at 1h for IL-20 and at 3h for
1L-24, and was sustained for 24h. IL-19 mRNA expression was
also detectable between 3 and 12h after stimulation. The vector
control, AxlacZ, was not able to increase IL-20 subfamily
expression (data not shown).

IL-17 and IL-22 coordinately enhanced IL-19, IL-20,
and IL-24 production in cultured keratinocytes

The effect of various cytokines on the producton of
the IL-20 subfamily was examined. Keratinocytes infected with
AxIL22R or AxlacZ were wmeated with IFN-y, IL-1a, TNF-o,
1I-17, or IL-22, which are involved in the pathogenesis of
psoriasis. 1L-19, 1L-20, and IL-24 proteins in culture medium
were analyzed by ELISA (Fig. 5A). 1L-19 and IL-24 were
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Figure 2, 11-19, IL-20, and IL-24 mRNA expression in cultured keratinocytes stimulated with IL-17. IL-17 (10 ng/ml) was added to culture media
containing keratinocytes. Total RNA was extracted at various time points up to 24 h after stimulation. IL-19, IL-20, and IL-24 expression levels were
determined by real-time RT-PCR, with cyclophilin as house keeping control. Representative data are shown from two independent experiments.

N.D, indicates not detectable.
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Figure 3. IL-20R1, IL-20R2, IL-22R, and 1L-10R2 expression in cultured epidermal keratinocytes. (A) Normal epidermis was obtained from nine
subjects and cultured keratinocytes were from eight other normal subjects. 1L-20R1, IL-20R2, IL-22R, and IL-10R2 expression levels were
determined by real-time RT-PCR, with cyclophilin as house keeping control, and compared between normal epidermis (black bar) and cultured
keratinocytes (gray bar). Data show mean4 SD. *p<0.05; **p<0.001. (B) Western blot analysis of IL-20R1, IL-20R2, and IL-22R protein expression in
cultured keratinocytes. (C) IL-22R expression levels were analyzed by flow cytometry (isotype control Ab: shaded area; anti-IL-22R Ab: thin line).
Infection of AxIL22R at an MOI of 5 for 48h increased IL-22R expression in keratinocytes (thick line), but not AxLacZ (dotted line). Data
are representative of two independent experiments. (D) Uninfected control cultures or keratinocytes infected with AxIL22R were treated with
10 ng/mL IL-19, IL-20, IL-24, and IL-22. STAT-3 phosphorylation at 15min or 24h after stimulation was determined by Western blot. Data are
representative of three independent experiments.
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Figure 4, 1L-19, IL-20, and IL-24 mRNA expression in cultured keratinocytes stimulated with IL-22, IL-22 (10 ng/mL) was added to culture media
containing keratinocytes transduced with AxIL22R (black line) or uninfected control keratinocytes (dotted line). Total RNA was extracted at various
time points up to 24h after stimulation. IL-19, 1L-20, and IL-24 expression levels were determined by real-time RT-PCR, with cyclophilin as house
keeping control. Data are representative of two independent experiments. N.D. indicates not detectable.

not detected in the culture medium of keratinocytes treated  stimulation, and the production was slightly increased by
with IFN-y, TNF-o, or IL-le. On the other hand, IL-20 TNF-o and IL-la treatment. Notably, IL-19, I1L-20, and
was detected at low levels in the culture medium without IL-24 were all produced by stimulation with IL-17. In addition,
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Figure 5. IL-19, IL-20, and IL-24 production in cultured keratinocytes. (A) Cultured keratinocytes infected with AxIL22R (black bar) or AxLacZ (white
bar) at an MOI of 1 were treated with 501U/mL of IFN-v, 10 ng/mL of IL-1c, TNF-g, IL-17, or 1L-22 for 48h. (B) Cultured keratinocytes were infected
with AxIL22R (black bar) or AxLacZ (white bar) at an MOI of 1 or 3 for 24 h. After washing, cells were co-treated with 10ng/mL IL-17 and 10ng/mL
1L-22 for 48h. (A, B) IL-19, IL-20, and 1L-24 in culture medium were measured by ELISA. Data show mean+ SD (n = 3). Data are representative of

three independent experiments. *p<0.05; **p<0.01.

increased IL-22R expression markedly augmented IL-22-stimu-
lated 1L-20 and 1L-24 production. Moreover, a combination of
IL-17 and IL-22 dramatically enhanced production of all of these
cytokines (Fig. 5A), which was dependent on IL-22R expression
(Fig. 5B).

Epidermal keratinocytes of psoriasis lesion skin
express higher than normal levels of I1L-22R

Because IL-20 subfamily production increased in response
to IL-22R over-expression, we examined IL-22R e)xpression in
psoriatic epidermis. IL-22R mRNA levels increased’ significantly
in psoriatic epidermis compared with normal epidermis,
whereas mRNA levels for IL-20R1, IL-20R2, and IL-10R2
were similar to those of normal epidermis (Fig. 6A). Immuno-
staining revealed only weak IL-22R signals throughout the
entire epidermis of normal skin. fluorescence
staining  intensity in  psoriatic  epidermis
(Fig. 6B). Significant staining was primarily observed in the
upper layer.

However,
increased

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

A combination of IL-17 and IL-22 mediated chemokine
and growth factor production via increased IL-22R

We postulated that increased IL-22R expression might augment
signal transducton by 1L-22, and strengthen the coordinated effect
of IL-22 and IL-17, other than by production of the IL-20 subfamily.
Previous reports demonstrated that 11-17 induced HBD2 mRNA
expression [5, 12] and that a combinaton of I1L-17 and IL-22
markedly enhanced mRNA expression [31]. In our study, increased
1L-22R augmented HBD2 mRNA expression stimulated by IL-17 and
1L-22 in combination (Fig. 7A). Similarly, IL-22 treatment induced
enhanced MIP-3¢ and IL-8 mRNA expression in cultured keratino-
cytes infected with AxIL22R, and the combination of IL-17 and
11-22 strongly enhanced their mRNA expression.

We further analyzed the productdon of growth factors.
HB-EGF mRNA expression was enhanced by IL-22 stimulation in
cultured keratinocytes expressing IL-22R, and co-stimulation
with IL-17 and IL-22 markedly augmented the mRNA expression
(Fig. 7A). In contrast, although TGF-«. mRNA expression was also
enhanced by IL-22 treatment, no combination effect was
observed.
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