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Abstract Langerhans cell histiocytosis (LCH) has be€Riroduction
thought to be a disorder of immune regulation, and in-

creasingly, evidence showing that the tissue damag§ igerhans cell histiocytosis (LCH) is a proliferative

LCH involves lymphokines and pro-inflammatory cytgisorder of Langerhans cells. Dendritic cells including

kines is reported. We detected human cytomegalovijug,,erh ell d/or interdiqitati ells are found i
(HCMV)-DNA in LCH cells in the foci of LCH lesions gernans cens aricvor INTerdgiaing cems are o !

by immunohistochemistry, in situ hybridization ant e skin, lymphoid tissues and other organs in LCH [5,
v . 6]. Langerhans cells are potent antigen-presenting cells
PCR. HCMV was detected in the nuclei and/or cyt | g P genp g

! . ®hat play an important part in detecting foreign antigens
plasm of LCH cells in 9 of 27 LCH cases by immun p'ay P P g g g

> ) Yhat enter the body. LCH lesions involve bone, bone mar-
staining. HCMV was probably an early antigen. In sity, 1yngs; liver, iymph nodes, spleen, skin and/or the

hybridization revealed signals for HCMV-DNA only inantral nervous s ; ;
X X ystem. Various types of inflammatory
the nuclei of LCH cells in 10 of the 27 LCH cases. PC@% Is are usually present with LCH cells in the foci of

analysis was performed in 20 of the LCH cases, i@ |esions.
HCMV-DNA was detected in 7 of these. All 7 positive | oy has frequently been considered to be a disorder

cases were also positive for HCMV by ISH and IHGy jmmune regulation rather than a form of neoplasia [6,
These findings suggested that early phase infection orgg- 55 7] Recent studies, however, have demonstrated
activation of HCMV occurred in the LCH lesionSiai | cH may be a clonal neoplastic disorder with highly
HCMV infection may be accompanied by impaired cytQzyiaple biological behaviour and clinical severity [38,

kine production. Our study also suggested a relationsl\ajga The histoloai
; X > . gical features of LCH also suggest that
between HCMV infection and expression of TNAN ¢\ iokines are involved in its pathogenesis [2, 14]. There

; . C
tissues affected by LCH, dermatopathic 'Ymphadeno}?g‘mcreasing evidence of the involvement of lymphokines
thy or malignant fibrous histiocytoma and in normal tis;

. ; ) %nd pro-inflammatory cytokines in the tissue damage
sues no signals for Epstein-Barr virus-RNA were deteglsen 'in LCH. A number of viruses may cause affected
ed. These findings suggest that in some cases LCH is

. ] X . &fis to release cytokines, which could ultimately stimu-
sociated with HCMV infection. late Langerhans cell growth. Exposure to viruses has been
. . postulated to activate the immune system [8, 16].

Key words Langerhans cell histiocytosis - .. We hypothesized that this disorder might be associat-
Cytomegalovirus - In situ hybridization - PCR - Cyto“ingq \with viruses such as human cytomegalovirus
(HCMV), Epstein-Barr virus (EBV), herpes simplex vi-
rus, human herpesvirus 6 and retroviruses. In this study,
we focused on herpesviruses.
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Materials and methods

Twenty-seven cases of Langerhans cell histiocytosis (LCH) were

; : ; ; selected from the archives of the Pathology Division, Kitasato
gjﬁgﬂ}igﬁg’:g%ﬁr?_akﬁgrsn;?(?_ Laas?g agawa, Japan 228 University Hospital and Saitama paediatric Medical Centre. The
Tel.: +81-427-789020. fax: +81-427-788441 patients consisted of 10 males and 17 females, being 21 children

v T and 6 adults. One of the cases was an autopsy. Other clinical fea-
H. Kishimoto - Y. Ogawa tures are listed in Table 1. Control tissues included 18 cases of

Saitana Paediatric Medical Centre, Saitana, Japa: 339 dermatopathic lymphadenopathy (DL) and 13 malignant fibrous
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Table 1 Clinical features of _ _ . .
the patients with Langerhans ~ Case Sex Age (years)  Sites of disease Tissue examined Therapy

cell histiocytosis {1 male,

F female,Lu lung, li liver, 1 F 2 Lu, li, Gl tract, sp, LN, skin Lung, LN Yes
Gl gastrointestinalspspleen, 2 M 2 Femur Bone No
LN lymph node} 3 M 11 Clavicle Bone No
4 M 1 Skull Bone No
5 M 5 Skull Bone No
6 M 9/12 LN LN No
7 F 2 Skull Bone No
8 M 38 Skin Skin No
9 F 63 Parotid Soft tissue No
10 F 3 Skull Bone No
11 F 59 Skin Skin No
12 F 5 Skull Bone No
13 F 7 Skull, vertebra, pubis, femur Bone No
14 F 9/12 Zygoma, soft tisste Bone No
15 F 63 Tongue Tongue No
16 F 9 Skull Bone No
17 M 5/12 Skin Skin No
18 M 9 Skull, skin Soft tissue No
19 F 8 Skin Skin No
20 F 39 LN LN No
21 M 13 Skull, ski Skin No
22 F 2 Scapula Bone No
23 F 1 Femur Bone No
24 M 3 Femur Bone Yes
. . . 25 F 26 LN LN No
a|nvasive to soft tissue and skin 6 F 6 Femur Bone No
b Chemo- or radiotherapy be- 57 = 9 Skull Bone No

fore surgical treatme it

histiocytomas (MFH). Moreover, normal tissues (7 samples eaulcleotide probe for HCMV (Dako, Calif.) was applied to the sec-
of salivary glands, liver, lung, kidney, tonsil, lymph node and skitipns at 50° C for 30 min and washed with SSC solution. As a posi-
and 15 pancreatic samples) were also examined for detectionivef control, the same HCMV-infected lung tissue was used for im-
HCMV genome by ISH and PCR methods. The specimens ohdnostaining. Epstein-Barr virus (EBV) RNA in situ hybridization
tained at biopsy, surgical resection and/or autopsy were fixedwias also performed according to Kasai et al. [15] using a biotinyla-
10% formalin and embedded in paraffin. ted Epstein-Barr-encoded small RNA 1 (EBER-1) (Research Genet-

Sections 4 pm thick from formalin-fixed, paraffin-embedded tiges, Ala.) probe. The tissue sections were deparaffinized, rehydrated,
sues were mounted on silane-coated slides, air-dried and heatquetiteated with 1 pg/ml proteinase K (Sigma, Mo.) at 37° C for 10
60° C for 30 min before immunohistochemical staining. Endogenaous, and hybridized with the probe for 30 min min at 42° C. After
peroxidase activity was blocked by 0.3% hydrogen peroxide in metfashing, the slides were incubated with streptavalikaline phos-
anol for 30 min. After treatment with 2% normal swine serum phatase solution (Research Genetics, AL, USA) for 60 min at 37° C,
phosphate-buffered saline, the tissue sections were incubated avashed, and incubated with a solution containing 5-bromo-4-chlo-
night with monoclonal anti-human cytomegalovirus (HCMV) antro-3-indoyl phosphate (BCIP) and nitroblue tetrazolium (NBT; both
bodies (CCH2, Dako, Glostrup, Denmark and NCL-CMV-EA andfrom Sigma, Mo.) for 5 min at 42° C. After washing with distilled
LA, Novocastra, Newcastle, UK), anti-S100 protein antibody (Dakeater, the slides were counterstained with methyl green. As a posi-
Calif.), monoclonal anti-CD1a (Immunotech, Marseille, France), aive control, tissue sections of an EBV-positive anaplastic large cell
ti-CD4 antibodies (Novocastra, Newcastle, UK), polyclonal anti-tiymphoma was employed. HCMV positivity was assessed in the
mour necrosis factor alpha (TNFR&D system, Minn.) and/or same way as for imnmunohistochemical analysis.
polyclonal anti-lysozyme antibody (Dako, Calif.) at room tempera- DNA was extracted from formalin-fixed, paraffin-embedded tis-
ture. The CCH2 monoclonal antibody recognizes both early and ke as previously described [21]. Briefly, five 10-um paraffin sec-
antigens of HCMV [29, 40]. NCL-CMV-EA and -LA monoclonaltions of each specimen were placed in 1.5-ml Eppendorf tubes, and
antibodies react with early and late antigens of HCMV, respectivdDNA was extracted as follows. The sections were deparaffinized
The sections were incubated with biotinylated anti-mouse or -geath 1 ml of xylene for 5 min at room temperature and centrifuged
IgG (Vector Lab., Calif., 1:200 dilution) at room temperature for 3t 12,000y for 10 min, and the supernatant was then decanted. The
min and then with streptavidibiotin—peroxidase complex at 1:100pellet was washed with absolute ethanol followed by centrifugation
dilution (Amersham International, Bucks., UK). The peroxidase rat 12,000y for 10 min and the supernatant decanted. This procedure
action was carried out with 0.02% 3¢Baminobenzidine tetrahydro- was repeated three times. The pellet was air-dried and resuspended
chloride (Dojindo, Kumamoto, Japan) containing 0.006% hydrogen300 pl of 15 mM trisodium citrate solution containing 150 mM
peroxide in 0.05 mM Tris buffer, pH 7.6. As a positive control fagodium chloride, 1% sodium dodecyl sulfate, and 300 pg/ml of pro-
HCMV, lung tissue infected with HCMV from a patient sufferingeinase K and incubated at 48° C for 48 h. DNA extracted from the
from malignant lymphoma was used. Negative control staining wasmalin-fixed, paraffin-embedded lung tissue from the patient with
conducted in the absence of the primary antibody to HCMV. The sel&&MV pneumonitis described above was used as a positive control.
tions were counterstained with haematoxylin and/or methyl green.For amplification of the HCMV genome, primers were synthe-
Immunohistochemical staining for HCMV was assessed as positveed to amplify a 152-bp segment in the AD169 EcoRI fragment
when nuclei were stained with or without cytoplasmic staining. D region of the HCMV genome (sense primétGATCCGA-

For in situ hybridization, sections were deparaffinized with xXgCATTGTCTAAG-3 and antisense primer'-&8GCAGCTAT-
lene and passed through a graded alcohol series and rehydrated@@®RGGGA-3) [10]. Amplification was carried out by the method
standard sodium citrate (SSC) solution, then digested with 0.2%Saiki et al. [31]. Briefly, 1-ug DNA samples were diluted in 100
pepsin (Sigma, Mo.) in 0.2 N HCI at 37° C for 30 min. After dengd of a solution containing 200 uM deoxynucleotide triphosphates
turation at 92° C for 30 min the alkaline phosphatase-labelled oligdNTP), 1 uM of each primer, 2.5 U of Ampli Taq DNA polymer-
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Table 2 Results of immunohistochemistryHC) in situ hybrid- gerhans cell histiocytosisLysolysozyme,P positive,N negative,
ization (SH) and polymerase chain reactid®dR ) in foci of Lan- ND not doneFA final assessment for HCMV positivit )

Case Sex Age IHC ISH PCR FA

(years) S100 CDla CD4 Lyso TNF ~ HCMV  HCMV EBER1L HCMV-DNA

1 F 2 p p N N P P P N P P
2 M 2 P p N N P N N N N N
3 M 11 p p N N N N N N N N
4 M 1 p p N N P N N N N N
5 M 5 P p N N P N N N ND N
6 M 912 p p N N N N N N N N
7 F 2 p p N N N N N N ND N
8 M 38 p p N N N P P N ND N
9 F 63 p p N N ND N N ND ND N

10 F 3 p p N N P N P N N N

11 F 59 p p N N P P P N P P

12 F 5 p p N N N N N N ND N

13 F 7 p p N N P N N N N N

14 F 912 p p N N ND N N N N N

15 F 63 p p N N N N N N ND N

16 F 9 p p N N P P P N P P

17 M 5/12 p p N N N N N N N N

18 M 9 p p N N P N N N N N

19 F 8 p p N N ND N N N ND N

20 F 39 p p N N N P P N P P

21 M 13 p p N N P P N N N N

22 F 2 p p N N N N N N N N

23 F 1 p p N N P P P N P P

24 M 3 p p N N N N N N N N

25 F 26 p p N N P P P N N N

26 F 6 p p N N P P P N P P

27 F 9 p p N N P P P N P P

Table 3 Results of immunohistochemistry, in situ hybridizatiomNF tumour necrosis factor alphedlCMV human cytomegalovi-
and PCR in dermatopathic lymphadenopatbi )( malignant fi- rus, EBER1Epstein-Barr-encoded small RNA 1, * remaining tis-
brous histiocytomaMFH) and normal tissuedNpr normal tissue, sues were not examine:)

IHC ISH PCR

S100 CD1a Ch4 Lyso TNF HCMV HCMV EBER1 HCMV
DL 16/16 16/16 0/16 0/16 3/16 0/16 0/16 0/16 0/8*
MFH 3/13 ND ND ND 7/13 0/13 0/13 0/13 o/7*
Nor ND ND ND ND ND ND 0/63 ND 0/60*

ase, and 1xPCR buffer (both from Takara, Shiga, Japan). Negateeeived chemotherapy with steroid hormones for 6

controls were prepared using the same reaction mixture and gigseks, received no further treatment until death. Patient
tilled water instead of extracted DNA. PCR was performed as f

lows; 5 min at 94° C for DNA denaturation, followed by 30 cycl 4 ha_d neu_roblas_,tc_)ma, and was tr(_eated with cyclophos-
consisting of denaturation for 30 s at 94° C, annealing for 30 fo@amide, plrarublcm and carboplatin, and 3 years later
55° C, and extension for 30 s at 72° C. For the last PCR cycle, developed LCH in the left femur. In 25 of the 27 cases,

DNA was allowed to extend for 7 min at 72° C. The amplifiethe |esions were localized. The exceptions were cases 1

products were electrophoresed in 3% agarose gels contai : ; :
ethidium bromide in Tris-borate-EDTA buffer. After electrophor(;}érilii?:I 13. In patient 1, LCH lesions were seen in several

sis, the gels were photographed under ultraviolet light. organs, including the lungs, liver, gastrointestinal tract,
Cases were assessed as positive when HCMV was detectegpileen, lymph nodes and skin. In patient 13, the lesions
all three of the analyses, that is to say by immunohistochemistigre also seen in multiple sites (Table 1). LCH cells in
in situ hybridization and PCR methods, to prevent the possibility| toci were generally accompanied by eosinophils, lym-
of false-positive or false-negative results. . ’
phocytes, macrophages and giant cells.
In the disseminated HCMV-infected case examined as
Results a positive control, immunoreactive antigen and ISH-di-
rected DNA for HCMV were colocalized in the same
Most (25) of the 27 LCH patients did not receive chemcells (Fig. 1a). HCMV antigen was detected in both nu-

or radiotherapie before surgical treatment. Patient 1, wtlei and/or cytoplasm of LCH cells in 9 of the 27 cases
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(Table 2, Fig. 1b). HCMV early antigen was detected |
both LCH and the positive control. In most cases positi
for HCMV, fewer LCH cells were positive by immuno-
staining than by in situ hybridization. All of the speci
mens were positive for S100 protein and CD1a on par
fin sections of LCH cells in LCH cases (Fig. 2a, b) a
dendritic or interdigitating cells in DL cases (Tables
3), while 3 of 13 cases of MFH expressed S100 prote
TNFa was detected in 14 of 24 LCH cases, 3 of 16
cases and 7 of 13 MFH cases (Tables 2, 3). The cytok
was detected in 58% of the patient irrespective of po
tivity or negativity for HCMV. However, strong expres-
sion of TNFx was observed in the LCH cells in 5 of th
7 cases that were positive for HCMV (Fig. 3), and t
number of negative cases remaining at the final asses®¥C 1 11 16 20 23 26 27 PC M

ment was out of 16. Neither CD4 nor lysozyme was d'—elé 7 Agarose gel electrophoresis of amplified PCR products for

tecteq in.any case of I.‘CH a.md DL (Tables 2, 3). HCMV-DNA fragments extracted from LCH and HCMV-positive
In in situ hybridization, signals for HCMV-DNA werecontrol tissuesLane NCnegative controllanes 1-8extracts from
detected only in the nuclei of LCH cells in 10 of the 2féci of LCH cases 1, 11, 16, 20, 23, 26 and [2iie PCpositive

LCH cases. In most cases, the signals were detected 3%?)&;'1 ée%aﬂsbgﬁ&"cf?els';”g p;r]:ethl\i ';ggvr;q(ﬂlsescqupatidg ﬁton'
; - - Wi ular wei
Engi/CH Ced”St ('?gd 4at, b)l. L\)Ao{gavgr,t ml paglemé._ arkers (Amersham Life Science, Ohio). Tower bandsepres-
was aetected not only by ut also by IBnt oligonucleotide primer dime:rs

both epidermal Langerhans cells (LCs) and LCH cells
(Fig. 5a, b). In the HCMV-positive control, signals for
HCMV-DNA were seen in both nuclei and cytoplasm of
the cells with cytomegalic inclusions (Fig. 6). No signaBiscussion

for HCMV were detected in DL, MFH or normal tissue.

No signals for EBV-RNA were detected by ISH in LCHSeven of the 27 cases of Langerhans cell histiocytosis
DL, MFH or normal tissues. (LCH) were shown to be positive for human cytomegalo-
PCR was performed in 20 of the 27 LCH cases, invifus (HCMV) by in situ hybridization (ISH), immuno-
of which HCMV-DNA was detected (Fig. 7). All 7 posi-istochemistry (IHC) and PCR. With the exception of
tive cases were also positive for HCMV by ISH and IH@atient 1, the HCMV-positive patients did not receive
HCMV-DNA in cytomegalic cells was detected in seveprior immunosuppressive therapy. Therefore, the possi-

al organs in the HCMV-disseminated control. DL, MFHility that HCMV infection or reactivation was due to
and normal tissues were negative for HCMV-DNA otherapy could be excluded at least in the remaining 6
PCR analysis in all the tissues examined. The final fieases. Dermatopathic lymphadenopathy (DL), malignant
quency of HCMV positivity in LCH foci was 7 of the 27fibrous histiocytoma (MFH) and normal tissues were
(25.9%) cases. negative for HCMV infection by any analytical method
used. Moreover, Epstein-Barr virus was not detected in
any of the cases in the present study, including LCH le-
sions and/or normal tissues. In the 9 LCH lesions,
HCMV was found by IHC to be an early antigen. This
suggests the early phase of infection or reactivation of
Fig. 1. HCMV (human cytomegalov antigen is seen in both nuclslCMV; as the immediate early and/or early antigen is
and cytoplasna of disseminated HCMV-infected positive controwell known to appear during active infection or reactiva-
tissue and of LCH cells from case 27 on immunohistochemicaion of HCMV [33, 34, 37]. In the present study, howev-

staining, er, it was unclear whether viral infection or reactivation
Fig. 2 Immunohistochemical expression @/5100 protein anty occurred before or after the proliferation of LCH cells.
CD1lain LCH cells (case 1:) HCMV can cause infections in immunocompromised pa-
Fig. 3 Immunohistochemical expression of T&lfn Langerhans tients. Owing to the high incidence of latent HCMV in-
cell histiocytosis (LCH) cells (case * 1 fection in healthy subjects, clinically apparent HMCV
Fig. 4 On in situ hybridization, signals for HCMV-DNA were ob-infection frequently results from reactivation of the latent
served only in the nuclei of LCH cells of the luadgn case 16 (as infection, but the mechanism of reactivation is unknown.
in Fig. 2aandb in case 2" On the other hand, we also detected HCMV by IHC and
Fig. 5 Signals for HCMV-DNA on ISHa in epidermal Langer- |SH in epidermal LCs in neighbouring LCH foci. How-
hans cells (LCs) andin the neighbouring LCH foci of case 11~ ever, it was not .clear from these flndlng_s is whether the
Fig. 6 Signals for HCMV-DNA were seen in both nuclei and cyHCMV in the epidermal LCs was transmitted from LCH

toplasm of cells with cytomegalic inclusions in HCMV-positivéells in the foci or was already present in the LCs before
contro! the development of LCH lesions. There have been vari-

-152 bp
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ous reports [1, 4, 13, 19, 28, 35] showing that epidernogly. (The ISH procedures, primers and probe used by
cells, fibroblasts, monocytes and macrophages can beMClain et al. were different from those used in the
fected with viruses, including HCMV, depending on thgresent study.)
stage of cell differentiation. Peripheral leucocytes, espe-We detected HCMV genome in LCH cells at a high
cially monocytes, appear to harbour the latent virus fiequency by ISH, IHCand PCR. On the basis of our re-
healthy seropositive individuals [35]. After infection ofults, we speculate that HCMV may be associated with
monocytes, macrophages resident in tissues may contaépathogenesis of LCH. However, other possible caus-
low levels of HCMV. However, there is no evidence thas, such as autocrine and/or paracrine secretion of
LCs are infected. growth factors, lesions of proliferation of cells in LCH,
HCMYV infection is accompanied by impaired cytokinand the possibility of other viral infections cannot be ex-
production [22]. For instance, patients with HCMV diseashuded. Further studies are required before we can under-
es have high plasma levels of T2, 36] and IL-6 [11, stand the mechanisms involved in the development and
12]. Docke etal. [3] reported that HCMV antigenaemi@oming of dendritic cells and the expression of cytokines
and enhanced plasma. TélFoccurred in many patientsin LCH lesions.
with liver cirrhosis and immunodeficiency. They suggest
that TNFx plays a central role in HCMV reactivation.
Moreover, TNF seems to be the most important cytokiReferences
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