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U l t r ast ructur al and immunohistochemical f l ndings
in or al hai r y leuk opl ak ia*
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Summary. T hree cases o f H L f rom the lateral
border o f the tongue of m ale hom osexual A I D S
pat lents were invest igated by thin section elect ron
m croscopy - k eratmocy tes contai ned condensed
chr om atin in thei r p ykn otic nuclei and a few or -
ganelk s in the oedem atOIl s cy top lasm . Chr omat in
was in close associat ion to the nuclear m em brane
and showed a punched-ou t appearance- Par t icles
typical of the herpes vim gr oup were abundant
in the upper tw o thi rds o f the epi thel ium in al l
three cases. V ir us par t icles were seen frequently
in the nuclei of the bal looned k erat inocytes, but
rarely in cel ls con taining C and ida alb icans- V i ral
nud eocapsids wer e obsew ´ budding at the i nner
nuclear mem brane, thereby acq uir ing the p rospec-
tive v i r al envelope. C om plete, enveloped vi r ions
were found in the endoplasm ic ret icul um and in
the ext racel lu lar spaØ . T hese vi r ions were ident i -
fied im m unohistochem ical ly as Epstein-Barr vi rus
(EBV ) using two m onod onal ant ibodies d i rected
against EBV capsid and mem brane ant igen, re-
spect ively . Candid a alMean s was obser ved in the
st ratum com eum and in the upper layer of the
stratum spinOSIAIn - Special cy top lasm ic tubular
structures ar ranged in paral lel bundles were found
in koi locytot ic cel ls i n add i t ion to character ist ic
m em brane str uctures com p osed of undulat ing con-
vo luted mem branes. Epi thel ial basement m em -
branes were alw ays in tact .

Key words: Hairy leukoplakia - Electron microsco-
py - Epstein-Barr virus - Candida alMeans
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Introduction

O ral hair y ieuk oph k ia (H L L a new cl inical enti ty ,
w as n rst descr ibed by G reenspan et al . (1984) as
pathogn om onic for the H I V ¤infection - H L i s char -
acter ized by w hi t ish p laques at the lateral border
of the tongue which cannot k r ubbed OE . T he
lesi on, m ainly obser ved in H I V ¤infected homosex-
ual m ales, was also repor ted in heterosexual H I V -
infected indiv idual s, haemophi l iacs, a t ransfu sion
recip ient (G reenspan et a1. 1986 ; R indum et a1.
1987), and in tra-venous (iv) dr ug abusers (R eichart

et a1. 1986, 1987) . A sur vival analysis showed that
the p r obabi l i ty o f developing A I D S in pat ients
wi th H L was 40% d uring 16 m onths and 83% dur -
ing 31 months (G reenspan et al . 1987).

L ight m icroscopic i nvest igat ions (G rm nspan
et a1. 1984 ; G reenspan et al . 1985 ; Eversole et a1.
1986) i ndicated , that the lesion is character ized by
parak eratosis, acanthosis, k oi locy tosis and lack of
inn amm ation in the subepi thel ial t issue. U sing
elect ron m icroscopy (EM ) part icles of the hem s
vi rus gr oup w ere found in H L (G reenspan et a1.
1984, 1985 ; Bel ton and Everso le 1986 ; K onrad
1986) . I m m unoth lorescenee studies dem onstr ated
Epstein-Bar r v i rus (EBV ) ant igen , and a nucleic
acid-hybr idizat ion procedure revealed EBV viral
D N A in F a high copy num ber (G reenspan et al .

1985 ; L &ning et a1. 1987).
Purpose of the present study was to describe

ul t r ast r uctural features of H L and to iden ti fy the
vi r ion par t icles using monoclonal ant ibodies
against EBV core and mem brane an ti gens.

² t ater tals and methods

From July 1984 to July 1987 among 195 HI V ô opositive indi-
viduals a total of 61 patim ts (male n = 59, female n z 2 ; homcÐ
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bim ual n = 55. i y . d r ug abum " = 5. b lood t r ansfua on rm p i -
ent n = 1} w i th d m d iMeal diag zogis o f H L haw b m z ob a w ed -

T he average age o f H L pau m u wm 342 ym m . A t the t i me
of serod iagn£sis fou r H I V " eit i ve ind iv id uals w ere CHam l ly
w m p tom 1" s, 18 pat ient s showd A R C- , and 39 paum ts A I D S

Wm pt om s. F o r tbe p reØ nt st ud y M opsia o f H L W® e obtai ned
f rom 3 m ah hom o m xual pau m u (age 39 . 46 and 83 yü " ) -
show ing d i tyerent A I D S m anif estat io ns (m ul t i p le k apo si sar -

Þ ma : n s 1. oppo r tun ist ic in fM ions : n = 2) . A l l É rm p au en ts

d ied w it h in 2.S mon t hs d er Mopey - BiopsiÊ W® e tak en f rom
É e h Ç m l mars- EEo f t he t ongue ( F ig. 1) under lÞ al aaaa × × ×
(U lu aØ i n D SR) . p d or to bi£ " y all t hzee pat ien ts had M n

t reated fo r tw o wm k s w it h t op iØ l (M ik onazo le), two pat ients
add it io nal ly ÷ × system ic an ti m yco t ic t herapy ( k etok onazo le).

T i " m s w® e d iv ided and one m n w Ã Exed i n 2.5% g1uU F
aMehyde in PBS for 3 houm . A fI er wash ing w it h PBS SR d m m s
were m stb d in 1% Osq fo r 1 h at P C , and ah r wards
t rü ted f o r 1 h at r oom tem per atum w i t h in 1% ur any l aÊ tate-
A Re dehyd rat ion in a g aded ¶ " ± £ f eö m o l . sped m ens w er e
id Bï tØ by 3 chams" £ f pr opyk ne ox ide and a nk ® d" in
Epon 812 fo l low ing ro ut i ne ta hniq um (G elderblom et d .
1974). s em i th in m t ions (0 .é Ì m in t hick ness o f m ch sõ ci -

m en were m L st× nd w i t h t o luid i ne blue, and evalua td l igh t
m iu o ¿ op ical ly fb r pathog zom onic chanF S. A tk r End i ng
sÄ " cti ve arm s in HO t m ia osÞ py , u lt r athin m t io ns
(46 Ò£ m } wm cut . T EEm wm m o un t" o n M m g ids, " ' t -

st ained M th lead ci t rate, stab i l ia d w i t h u rbo n and exam i r-Ø
usi ng a h iss EM 10A at Ø KV .

I E e £É ® PM t of t he bio psy wu Rxed in d im ethy lsuk r im -

date ( D M S. H aæel and H and , 1974} for 2 h , wash ® m PBS
aM M I l t rated stepw im w i th 5% , 10 % , 1.2 M and 23 M su-

u £" in P BS B iopgim were dm p fr om n in l iqu id n i t r ogen .
Semi thi n cw o secUo ns o f 05 Ì m wem cut usi ng the R eicher t
F C4 u y o at tachm ent ( Reicher t A G , W ien k SE ti ons were inØ -

bat" w i t h m © © Ional m UK M ia d i rM ed agai nst E BV ü " M
W CA } and mem brane an t iF n (M A ) (d M Uo n 1 : 1´ m m p BS}.
Im EBEanobi nd ing w as v isual in d using a m od i f icat ion o f t he a1¤
k al ine-phosphatase-m ouse-an ti-ak aline-phosphataä tm hn iq ue
(A PA A P ; Becker et a1. 198Ç . Co n tr o ls inchhd" u u use o f mc¤

X . Zhang et M. : U Itru tr ï turaI and iEEBEntmotustochezniØ I findinp

Fig. E. H L on t he later al bo rder
o f t he to ngue w i th w hi t ish t igh t ly
ad her ing p laq uÊ

ond M d É ird step m U diü , u well as normal t issum of
HIV m onesauve é mom .

ResulÊ

C o m m o n f ea t u res i n a l l cam w er e h y per k er ato si s,

p a r ak er at o si s an d acaEEt h o si s o f ep i t h el i u m - A bo ve
t h e b asa l Ø l l l ay er an i ncr ea sed d egr ee o f i n t r acel -
M M Ø d em a o f sp i n o u s cel l s w as n o ted - T he b a l -

h o n ed k er at i n o cy t es o f t en l o st t hei r ch r o m a t i n
p a t ter n an d so m et i m es b aso p h i l i c i n t r an uc lear i n -

c lu si o n s w ere o b ser ved - C an d id a a l M ean s w as

fo u n d w i t h i n ep i t h el ia l cel l s o f t he su per n cia l

la yer s. I n f i l t r a t i o n b y in n am m at o r y cel l s w as n o t
a p p ar en t , nei t h er i n t he l am i na p r o p r i a o f t he m u -

Co sa n o r i n th e ep i t hel i u m -
I n a l l Ø ¡ , M l lÞ ned k er a t in Þ y tes w ere m en

i n c l u st er s w i t h i n t he sp i n o us la yer o f t he ep i th el i -

u m o n elec t r o n m i c r o sco p y - T hese cel l s w er e in -

cr eased i n si n a nd co n ta i n ed o n ly few o r gan el les,
i nc l u d in g degener a ted m i t och o n d r i a and ab u n d a n t
i n ter m ´ ia te si zed k er a t i n f i b r i l s. F Ø i o f Þ n -
d en sed ch r o m at i n w i t h a p u n ch ed -ou t ap pear an Ø

w er e f o u n d i n p y k n o t ic n uc lei m a i n l y i n c l o se Ø so -
c ia t i o n w i t h t he n ucl ea r m em b r ane ( F ig . 2) . C a n-
d id a a l M ean s w a s f req uen t l y o b ser ved i n t h e st ra -

t u m co r n eti m as w el l as i n t he u p per l ay er s o f t he
st r a t u m sp in o su m ( F ig . 3) .

V im pa H ic b o f t he h er m v i m g o up w em
p r esen t i n t h e u p per sp i n o u s l ayer m ai n l y i n an d
a r o u n d k o i l o cy t o t i c cel l s, and i n th e i n t er cel l u lar

sp ace o f n a t t en d Ø ll s o f t h e su m r n ci al layer s
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mg. 2. In the stratum spinOSEAm- two koi1Ø ytotic ö lls reveal degeneratd mitochondr ia and dilatØ endoplasmic reticulum. Clumps
of Þ EEden³ d chromatin, sometimm wi th a punchd -out amm rm Á {g rows), am lou td close to the nuclear mm zbram - EBV
pan iclm am deta table in the nucleus as well Ø in É e cytoplam of such Þ lls, but are also m n in extraÅ Hular spacm (arrowhe± tO.
(EM x sa m}

(F ip . 2 and 4) . V im was also o bser ved ´ ã aSio n-
d ly in Ø l ls infected by Candida albiØ ns. T he nu-
clei o f infected cells contained var ying am oun ts
of vi ral EBuck ocapsids w i th a diam eter of 1Þ am
(F ig. 4) ; w hile so me capsids al ready contained the
elect rond ense toro idal deso xyr ibonucleop rotein
pod ion typical fo r hem s v iruses, o thers rep re-

sented em pty protein capsids. 0 Á aSio nal l y , the
egr ms o f her R î vin zs capsids f r om the nuclei was
o h ew ed (F ig. 5a) . D u ring egress the nud eocapsid
acquires i u fu ture vi ral envelope m ost ly fr om the
inner nuclear mem br ane in a buddi ng proÁ ss. T he
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mem brane w as thickend in regtons o f nud eEm p
sid envelopment (F ig. 5a). V irus par ticles were also
found in the cy toplasm , ei ther free as Elud eocap-
sids or as complete enveloped par t icles contained
wi thin the endoplasmic ret icu lum (F ig. 5 b) . V ir-
ions wem final ly released in abundant num bers
in to the ext racel lular sp ace (Fig. 5c). Enveloped ,
mature herpes type viri ons w i thin the cyt op lasm
and in the ext raÁ Hular space show´ identical d i-
ameter s of 150 nm .

Tw o characteri st ic st ructu res occurred w ithin
the cy top lØ m o f bal loond kerat inocytÊ infected
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by the vi r us. O ne co nsisted o f tubules, 35 nm in
diameter , aÐ anged in paral lel bund les abo ut 1 Ì m
in length (F ig. 6) . A nother inclusion body was
com posed of highly und u lating, convolu ted mem -

branes. T hese were o bser ved close to the nuclei
o f ko ilØ yto tic cell s co nsisti ng of tw o , par tly fused
l iÁ d bi layers- T he i nner fum d pan of É is stm ct um
was elect ron dense and 25 nm in w id th (F ig . 7) .

T he suk Pi t tBel ial basement membrane did no t
reveal an y i rregular i t ies. L angerhans cel ls were no t
obser ved w ithi n the H L lesions-

A sp eci f ic inm uzzEOStain ing w as no ted in the up
per tw o thi rds of oral epithel ia using sem i thin u yo -
sect ions and EBV -speci fic monÞ Ional an t ibodies.
A nt ibodies against E BV capsid (V C A ) and mem -

FK . 3. C and ida alMeans in t he
cytop lasm o f m lls o f the st ratum
Þ rneum , d Bow ing an eh ctr om¤

lucent µ aÞ (d ue tO SR cimen
shr ink age) adj aÊ n t to t he a l l
wal l (C W7. I m ide t he hyp hae
mi tochond r ia and n uclei ar e
clm r ly m n . T hem is no clõ razm
of Cand ida alb im u by Ê lhalar
imm une m m han ism - V i r us
m n icb m also pre® nt in t he
extr am lltAlar spaÞ s (arr owheadO.
( EM x 19 ´ ò )

brane anti gens (M A ) revealed a com pletely d i fTer-
ent stain ing pat tem (Fig. 8). W hi le V CA was p re-
dominant in and around the nuclei o f keratino-

cyt´ , M A was obser ved in high concent ration in
² e inter ep i thel ial spaEm in the same tissue areas,
where EBV V C A was obser ved in consecut ive sec-

u ons.

Discussion

H L , an exclusively oral ly occuring lesion, was re-
poÐ" to be an Ê r ly ind iØ tor o f H IV -a" £d atM
im m unosuppr ession (Everso le et a1. 1986 ; Si lver -
mann et Ê . 1986). T he ´ £ UE¤E-ence of H L in di tTer¤
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FØ- 4. EBV m n iclÊ am preÞ nt in the nuclei and the extraa Hular spaeÊ £f the nattend µ tthelium (g rowhea ® . In the nucleoplasm
EBV capsids in difTemnt stagÊ £f assembly are denmly packed - N ote disappearance of nuclear membranes and the punched-out
apº Mana of the Ø ndensed chromatin {arrows} of É e koi lü " otic Ê ll . {EM x 19ó ç
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FEg. 5¤. A n EBV ü " id aÇ uir ing iu envelope by budding throue z the inner nuclear mmnbrane- which is thickend in reg ons
of nud eØ aõ id envelopment . (EM x 1Þ ´ ô }. b Envel£" d, mature virions aner eg m from the mbd eus- The loweT pan icb
m st ill in the m tnØ b r sm m (awow³ , while tbe two upp® virions am Þ ntaind in the dilatd endoplam ie reticulum. A bundant
tonofilaments (Tn are smn in them Ê lls. (EM x Ø ´ Ã). c Complete herp± type m rticlm in the extraÞ lhilar spØ e of the
UPR r spinom layer . The markd virion shows an extrusion of its m vel£" . (EM x 1Þ ´ ò

ent r isk groups, as observed in the p rØ ent st udy ,
has wel l k en documented in the li terature
(G reenspan et a1. 1984, 1986 ; Reichar t et a1. 1987 ;
R indum et al . 198Ç .

T he aet io logy of H L hØ long been supp osed
to be vir us-related and in m ost invÊ tigatio ns a

heÕ es type vi r us w as detected (G reenspan et a1.
1984. 1985 : K OEzrad et a1. 1986¿. Fu rthermore. in
some o f these stud ies papi l lomavim b l ike par u d es
were observ´ in addi t ion to the herm type vin E
(G reenspan et a1. 1984, 1985) - W hi le G rÅ nspan

X . Zhang d a1. : U ltrastructural and immm ohistocheznm l findmp

et a1. ( 1984, 1985) mpon ed double in h d o ns in H L
by EBV (using i n si tu hybridizat ion) and H PV
(EM , im m m otustÞ hemist ryL we have not M n
able to detect papi l lom a vi rus in H L on the EM
level in this invest igation . In a fur ther in siu hy-

br id ization study of seven H L al l specimens were
negative w i th the appHed H PV type 6. 11, 13, 16,
18 p robes w hi le Eve o f these specimens were EBV
po sit i ve (L ¹ ning et al 1987) .

F rom the obser vation that papi l lom a vi rus-li ke

par t icles were p rment in al l 25 cams of H L at the
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R S- 6. Cytoplu mic struetum Þ m sung of tubul± arranp d in pamllel bundlm pmmnt in the q toplØ m of a kotlÞ ytotk Øn AS
producing Á IL W ith difTerent angles u oss¤ and long tudinal profiles of the tubules k come visible. Oü " i£nally- a complete
Å don is found within an endoplasmic channel (arrowheadO. (EM x 31250)

EM level G reenspan et a1. ( 1985) considered
whether the coexistence of EBV and H PV in H L
is for tu i tous- Since H PV was not dem onst rated in
ow three u m s o r in a fur ther 7 Ø Ò S(L Äning et a1.
1987) our Endings d o not suppor t the Þ nÊ p t o f
sim ultaneous in fecti on of H L . H owever , negat ive
findings regar ding H PV do no t rule out a possible
involvement o f a second vir us. In d i tybrent t i ssues
f rom pat ients w i th A R C or A I D S i nt racytoplasmic
inclusions have k m dmu ik d , appear ing as veg -
CEAlar rosettÊ , " st u be and r ing-shaÀ d fo rms
Ò R F), or tubulor eticu lar st r uc tures (T R S) (Oner -

hem et a1. 1984 ; k untz et a1. 1987) . W i thi n the
cyt op lasm of EBV producing cel ls, w e obser ved
only one type of paral lel tubular st r uctures (F ig . 6),
w hich resem bled i n bo th sin and apÌ arance the
inclusions dÊ cr ik d by Bel ton and Eversole ( 1986) .
T he o r igin and nature of these aggr egates is as
yet unk now n. W hi le the oÞ ur rence o f t hese paral-

lel l y aÐ anged , in tracytop lasm ic tubular st r uctures
has only k en descr ih d in H L , T R F inclusions
have also been found in associat ion w i t h d i fk rent
imm unolog eal and neurodegenerat ive d im m Ø
wel l as in vi r al infect ions- T hese mem brane derived
inclusions appeared to be associated w i th the p ro-
duCHon of d p ha¤ and K u -i nterferon , but no t o f
gam ma-inter feron (O nerheim et al . 1984). T he oc-
CUR m ce of these aggregates m ay be a m orp holog -

cal ind icator o f inter fer on pr oduct ion, ind ue´ by
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vi m l in fection , and m ay renect the sel f -perpetuab
ing im m unological dysfunct ion . I n add it ion , undu -

lati ng mem brane st ructures were observed wi thi n
É e cytop lØ m of koi locytotic cells (F ig . 7), Þ n-

sist ing of par tly fused mem branes sim i lar to the
above mention´ T R F /T R S. I t is p robable É at
thÊ e mem brane str uctures M e i ndm d precumom
of T R Ff r R S.

W e d id not obser ve L angerhans cel ls nor other
signs of Ø Hular imm une reaction in the epi theli um .
C learanm of Candida alMeans by Ø Hular imm une
mechanism s was not found in our study nor in
o ther repon s (Bel ton and Everso le 1986) . T his is
probably due to defecti ve m onocyte nug atory
fu ncti on in A I D S-patients and g ves mason to

expect fur ther funct ional disturbances in ant igen
prØ Ê sing and premnM Uon by monØ ytÊ and
L anger hans cel ls (D aniels et a1. 1987 ; Becker et a1
1987) .

R egard ing the aetio logy of H L , our EM and
imnHAZEohistÞ hemica1 f ind ings cor robo rate the
close assØ mu on of EBV w i th this lesion . F rom
cl inical obser vations the vi rus Ê ems to be involved
in the pathogenesis o f H L , since dur i ng tmatment
wi th high doses of acyclovir (4 Á 8Þ m g/day dur -

ing 14 days) cl inical regression of the lesion has
been found (Fr iedm an-k ien 1986). T he invo lve-

men t o f EBV in H L m ay be im po rtant for the
fur ther progress of the under ly ing H I V diÅ ase, be¤



" £

R s. 7, -e. Feau rÊ of cyt£p1" mic membrane difTerentiation oÞ uring in cells of the st ratum spinosum which are engaged in
vim prodw tion- I t apÀ ars that they consist of two- clomly oppoè d and m rtly fusd lipid bilayers- reprÄ eating interm´ iate
stagÊ of Hta t tube like" su w turÊ . (EM x 40¹ " }

X . Zhang et ± . : U ltmstructural and immunohist© hemm i nndinÁ
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R g. s a b. Semithin u y£" ctions (0.5 ô n) : staining for EBV
membrane antigen (M A ; ´ and EBV ´ ml ü " M antiF EE
W CA ; ± . Intense M A -staining is predominantly Ê en in the
intercellular spaÁ s (g rows; ´ . Addi tionally. a fmnt õ dnud m r
distr ibut ion is OMerved (arrowheadq. I n Þ ntmst , VCA is
detectd predominantly within the nuclei of epi thd ial a lls of
É e upper stratum sØnosum (g rows; ² , revÊ ling a spotty
distribut ion. (A PAA P x 450)

Ø use E BV is known to be capable of t ransform ing
B lymphocy tes so that they Ø n be in fected by H I V
(M o ntagnier et a1. 1984) . T he recr ui tment of such
t ransfo rmed b cell s in add it ion to the C D 4 + T -

helper lym phocytes, m onocy tes/m acr ophages and
La nger hans Á lh m ay encanee H I V prod uct ion
considerably . T h is then d irect l y leads to a higher
level o f infk t´ cel ls engagd in H I V rep l icat io n,
and concomi tant ly to a con t inuously increasing
loss o f C D 4 + -1" nphocy tes by d i rect cy to tox ici ty

of H I V and/or by the manifold H I V induØ d
im m unopathogenic mech anism s (G elderblom et a1.
1985 ; K lata n am and G luck m m 1986) .

F inally , the masses o f EBV p roducing cel l s in

H L are ind icative o f a severe
observed in these pat ien ts.

Ad nowh ak emenu - M onm load anti  dim asaim t VCA and
M A of EBV were a kind sin from Prof- H am Wolf, M u -von-
petteakofer-Institut - Ludwip -M aximi lians-U nivemitaL M an-
chen-

We would like to expre¬ £ur thanks fbr tä hnm l MUs-
tanü to M r . H . Reupke and M rs. B. Jungnickel - fbr help with
É e m em e aphs to M r . J. Eckert and M º¤ R. Hoey and for
editorial assistanÊ to M m. E Vom heder-
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