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AUTORADIOGRAPHIC STUDIES ON MOLLUSCUM CONTAGIOSUM

USING 'H-THYMIDINE"

TAKEHIKO TANIGAKI' and SHIR0 1<ATO

Department of Pathology, Research Institute for Microbial Diseases, Osaka Universit}', Osaka
(Received on March 17,1967)

uMMARY DNA synthesis in molluscum contagiosum nodules was investigated
by autoradiography using 'H-thymidine. Scratch preparations of molluscum

nodule stained with Giemsa showed that many cells contained reddish purple cyto-
PIasmic inclusions. These inclusions were classified according to their size and
characteristics into stages I, U and 111. The inclusions in stages I and U 11ad the
same staining characteristics as " B " type inclusions of poxviruses. Inclusions in
stage 11 appeared to be gradually transformed into stage 111 inclusions, whicli had
a lobular structure and corresponded to the so-called molluscum bodies of Lipshiitz
The sites of cytoplasmic DNA synthesis corresponded exclusively with these inclu-

it was found by quantitative autoradiography that cells bearing inclusions
did not show active nuclear DNA synthesis. Many cells with well-developed in-
clusions appeared to be degenerating. This suggests that virus-producing cells do
not multiply but degenerate. Autoradiography of sections of the molluscum nodulc
showed that active nuclear DNA synthesis occurred only in the inclusion free-basal
cells of the epidermis surrounding the molluscum foci. The host-virus interactions
in molluscum contagiosum are similar to those in poxgroup viruses
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SIons.

INTRODUCTION

A{o11usum contagiosum is a relatively common
skin disease in which small nodules appear in
the human skin of infants, usually of 10 months
to 3 years of age. In this disease, histological
examination of the lesion shows a high degree

I This study was supported by a grant from the
Ministry of Education. A part of this \\, ork \\, as
presented at the 2nd International Symposium on
Cellular Chemistry at Ohtsu on October 20,1966

2 Present address : Department of Dermatology,
Osaka University Medical School, Osaka

of hyper PIasia of prickle cells as multiple closel\.
packed pearshaped lobules, and numerous in-
clusion bodies are seen in the epidermis. The
inclusion bodies grow in size toward the sur-
face of the skin. Evidence for the viral eti-

o10gy of molluscum contagiosum is based on
the presence of molluscum bodies in the epi-
dermis of the lesion (GOODPASTURE at n/.
1927: VAN RooYEN, 1939) and of viral par-
ticles which can be seen by electron micro-
SCOPy (GAYLORD at at. 1953 ; BANFiELD at at
1959; SASA0 1959: FullNAMi at a/. 1963;
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LUTZNER 1963). The transmission of infoc-
tion from one individual to another is occasion-

ally observed clinicalIy. However, the nature
of molluscum contagiosum virus is still un-
known since the isolation and in nitro propaga-
tion of the infectious agent have not yet been
achieved.

LIPSCHtiTz at o1. (1919) measured the size of
the elementary bodies in molluscum contagios-
urn and found large particles with diameters
ranging from 300 to 350 in/t. RUSKA at o1.
(1943) demonstrated the brick-shaped outer
shell of molluscum contagiosum virus by elec-
tron microscopy. Recently, EPSTEix at a/.
(1966), using an ill arco autoradiographic meth-
od, reported a close relationship between DNA
synthesis and n}o11uscum contagiosum virus.
The virus has provisionally been classified as
a poxgroup virus on the basis of the size and
shape of the particles (NOYEs 1965 : Yaku 1966).

Poxgroup viruses generally have prolifera-
tive effects upon infected cells, and produce
characteristic cytoplasmic inclusions which
have been named after their discoverers. KATo

at "/. (1955,1959,1960 and 1963) f. und that
these inclusions of poxviruses can be classified
into two types, "A" and " B ", and that all
poxviruses produced a coinmoiT type of cyto-
PIasmic inclusion, the " B " type, once viral
multiplication occurred. The morphology, de-
velopment, and staining characteristics of the
" B " type inclusions of all the poxviruses are
alike. Subsequently, by autoradiography and
the fluorescent antibody technique, it became
apparent that the sites of \, ITal DNA synthesis
and the sites of viral antigen in all poxviruses
correspond exclusively to the " B " type in-
clusions. The "A" type inclusion, on the
other hand, was found to play no role in the
synthesis of virus materials.

In this way, poxviruses have a great ad-
vantage over other animal viruses as experi-
mental materials, because cytoplasmic viral
DNA synthesis is easily distinguish able from
nuclear DNA synthesis of cells at the cellular
level. Based on the unique characteristics of
cytoplasmic viral DNA synthesis, KATo at a/.

(1962,1965 and 1966) f. und that nunl. ar DNA
suppressed in cells showingsynthesis

multiplication of both on cogenic and non-
oncogenic poxvirus. This suggests that pox-
virus-producing cells do not multiply but de-
generate.

This paper reports further investigations on
the biological characteristics of inclusions of
molluscum contagiosum and the relationship
between viral multiplication and cellular pro-
liferation in molluscum nodules.

was

\, IATERIALS AND A, IETHODS

I. Nodi, /es of "10/11/3c!,,,, colltag!'o31,711

Typical nodules of molluscum contagiosum of less
than 2 to 3 mm in diameter \\, ere obtained from 25

patients. of bet\\. een 10 months and 19 years of age
The method of collection and preservation of materI-
als \\. as as follows : the area of the lesion was disin-

fected \\, itIT 70'1 ethanol and air-dried. Tlle nodules

were clipped off \\. illl a pair of sterile ophthalmic
The specimens \\. ere immediately attachedscissors

to the wall of a sterile test tube containing 1.0 ntl of
culture medium (909.6 of Eagle it'Iinimunt Essential
Aledium and 10Q;, of calf serum) and \\, ere stored at
4'C

2. Sc, atch prepo, atlolls o1 1110/11/3c!,,,, nod, ,/es

NIOlluscum nodules \\, ereimmersedin 0.25% tryp-
sin solution and incubated at 37'C for 15 min

TITen, scratch preparations \\, ere ntade on a cover slip,
and were dried and fixed \\, itI\ methanol. Giemsa

staining, or the Feulgen reactioiT were carried out on
these samples
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3. a"to lad, bgi dpiiy of sect!oils of IMO//113,141, ! nod!,/es

NIOlluscum nodules were cultured In medium con-

taining 'H-thymidine (specific activity : 5 Cjm\I)
at a final activity of 10 PCIml for one to three hours at
37'C. Then the tissues were washed 3 times with

Hanks' solution, fixed witlT Bouin's solution and
embedded in parafl;n and sections were made. After
sectioning and removing the para^n, samples were
treated with 2% perchloric acid at 4'C for 40 min,
and then washed with distilled water and dried.

Dipping autoradiography was carried out using Ko-
dak NTB 2 nuclear tracl< emulsion. Samples were
kept in a dark box containing silica gel at 4-6'C for



10-15 davs. After exposure, the samples \\ere de-

veloped, fixed and staincd with itematoxylin-cosin

+. '11/01'"of Ibgrap/Iy of sc, 'atc/I PI'epai'allo, !s of 1/10/1115-
ci, ,, I 110di, /es

NIOlluscum nodules \\. eru cultured in ritedium con-

laining "H-tltymidine for 11, our. Titenafter trypsin
treatment, scratch Drcparations \\'crc mildc us dc-

scribed above (3). The salTtples \\ere dried and fixed

wint ritetltanol, aitd treatcd wit11 2"., perchloric acid
tit 4'C for 40 min. Dippiitg autoradiogrnph>. \\, as
carried out on titc scratch prep"rations of the nodules

Gicmsa \\. as Lised us a post-stain. Thc conditions of

the radioacti\'c ISOtopc and auroradiographic pro-
ccdures wetc as dcscribcd ribo\ c (3)

RESULTS

I. Inclusion bodies 171 sci'n/c/I piepni'all'o11*

many, c}, toplasmic InclusionTherc \\, CTe

bodies \vhiclT tool< on a rcddislt purple tinge in
stained \\, 111T Giemsascratch preparations

solution. Thcse inclusion bodies varied from

small, round, compact masses of less than 311
in diameter to large masses occupying the
entire cytoplasm and pushing the nucleus asidc
(Figs. I, 2.3 and 4). Usually onc and in-
frequently two inclusion bodics were seen
within a cell. Thcsc inclusions \\, ere classified

into 3 successive stagcs ; stage I Inclusion
bodics were less than 10 , in diameter, stage
11 were 10-30 11 in diamcter, and stage 111
were more than 30 11 in diameter. The in or-
pholo^, and staining characteristics of stage
I and 11 inclusioil bodies were the same as

those of " B " type in of usions of poxviruses
The size and structure of stage 111 inclusion
bodies were \, ery differcnt from those of stage
I and 11 bodies (Figs. 3 and 4). There \\, ere
minute vesicular structures within the inclu-

whicli stained less with GiemsaSIoil masses

thaiT thc surrounding material. Stage 111 type
inclusion bodies have not been observed in

other poxvirus Infections, and probably cor-
respond to the so-called ' ' molluscum bodies ' '
Intermediate stages between stages H and 111
were seen, and the stage 111 bodies \\, ere con-
sidered as the most mature inclusions and dif-

ferend from the ' 'A' ' typc inclusioi) bodies of
the poxvirus group. TITC FCulgci, reaction
w'as positive in all stagcs.

2. ,"/o1'@of logi'ap/!y of Sc!'dtc/I 11'eptiinti'ON3

A mollusctim contagiosum I'Ddule incubated
at 37'C for an ITour in culture medium con-

taining 'H-thymidinc \\, as try'psinizcd and a
preparcd from itscratch preparation \\, as

AtIt oradiography \\, as carricd out on this. 'I'hc
sites of of silver theaggregation grains In

cytoplasm corresponded c\clusively to thc in-
clusins (Figs. 5.6 alld 7).

Quantativc comparisons werc made of D\A
synthesis in tile nuclei and inclusion bodies of
cells \\, 1111 and \\'ithout incltision bodies and 111

inclusions at different Silvei.stagcs grain
collnts of nuclei \\crc madc o11 90 randoml\,
selected cells without inclusion bodies and 30

cacli of randomly selectorl cells \\'it 11 stage I,
H and 111 inclLisions. (Fig. 8).

ApproximateIv 79', of cclls sho\\'Ing no in-
clusion bodies cxhibited in tensivc ITUclear D\A

synthesis. HD\\'ever, the ITUmbcr of silvci'
grains in the nuclei in inclusioit-beariilg cells
wei. e none or far less

The ITUmber of silver gi'ains in thc samplcs
of 30 cells witlt inclusioit bodies at different

stages \\erc compared witll thosc in the rillclei
of lion-inclusion bearing cclls. (Fig. 9). In-
tensive DNA synthesis \\, as observed in all cells
willT inclusion bodies. The nTost intensive

incorporation of 'H-thymidine \\, as found at
atege 11, \\, itit less at stage 111. \. Iany of the
cells \\, ithout InclusioiT bodics showcd over 120

grains and probably contained over 200 per
nucleus. Thc number of silver grains \\, ithin
the inclusion bodies also sometimes exceeded

120, but never exceeded 200.
The observatioi, of active DNA synthesis

within the nuclei of stage 111 inclusion-bearing
cells in av have been erroneous. This was be-

casue the silver grains in the inclusion bodies
overlapped those in the nuclei. Nuclear DNA
synthesis in cells with inclusioi\ bodies never
reached the level of nuclear DNA synthesis in
cells without inclusions. (Figs. 9 and 10). The

TANIGAKI T. at al. Mollusc"?" Cont@giostt"!, Autor@dzogr@phic Stud^^s
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Scratch preparation o1 molluscum contagiosum stained with Giemsa. Azure
11 staining cytoplasmic Inclusions are seen

FIGCRE I A round homogeneous cytoplasmic inclusion body in stage I
( XI200)

FIGLRF 2 A granular cytoplasmic inclusion body in stage 11. ( XI200)

FIGURE 3 A huge amorphous cytoplasmic inclusion body in stage 111. Note
that the nucleus is pushed against the cell membrane. ( x 1200)

FIGi:RE 4 A ITUge amorphous cytoplasmic Inclusion body in stage 111. Note
that the nucleus is not visible. ( x 1200)

44 BIKEN JOURNAL V01.10, No. 2 1967



co

\^
I

@

TANIGAKI T. at al. Mollusc"in Cont@gios"in, auto, @d, bg, @phic Stud, bs

o

\



Autoradiogram of scratch preparation of molluscum contagiosum. (Labelled
for 3 hours with "H-thymidine)
Labelled " B " type inclusions arc shown. Note TITat tl, e nuclei of " B "
bearing cells are not labelled

FIGURE 5 Silver grains in stage I inclusioiT body. ( x 3000)

FIGURE 6 Silver grains in stage H inclusioit body. ( x 3000)

FIGURE 7 Silver grains in stage 111 inclusion body. ( x 3000)
FIGURE 10 Comparison of DNA synthesis in the nuclei of cell without in-

clusions (above) and of an inclusion bearing cell (below). The
silver grains are ntucl, less over tlte stage I inclusioiT body
( XI200)
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FIGURE 8 Effects of "B" type Inclusioit formation upon nuclear DNA S IT-
tl\CSis. (I 110ur preparation)

Inclusion bcaring cells wcrc divided into 3 grotips according to the size of
tl\cir inclusions. These cells were compared witlT cclls containing no inclusion
The number of silver grains in the 30 labeled nuclei of each group arc plotted
The dots above the level of 120 rcpresent more than 120 silver grains

FIGURE 9 Relationship betwcun development of " B " type inclusions and
liteir ability to synthesize DNA. (I it our preparation)

Inclusion bearing cells were divided into 3 groups according to the size of
titeir inclusions. These cells were compared with the cells containing no in-
clusions. The number of silver grains in the inclusions of the cells of each
group tire plotted. The dots aibove the level of 120 show more than silver
grains
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Autoradiogram of a lobule of in o11usucum contagios-
urn cultivated i" tilt, o after incubation in medium

containing 10 PCIml 'H-thymidine.

FIGURE 11 Silver grains are found throughout the
whole epidermal layer, especially in cells
of the stratum basale and lower stratum
spinosum. ( x 600)

FIGURE 12 Distribution of silver grains in the strata
basale and spinosum. Note the differ-
ence in density and number of grains in
the basal and prickle cells. ( x 1200)
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nudei of cells with inclusion synthesized DNA
slowly and appeared to be partially degenerat-
ing and these nuclei never proliferated.

3. AMtorad!bgraphy of hz'sto/ogicu/ sections
Sections of inunuscum nodules were auto-

radiographed after incubation at 37'C for I-3
hours in culture medium containing 'H-thy-
inidine. Control autoradiographs of normal
human skin were also made following the same
procedure. DNA synthesis in normal human
skin was limited to a few nuclei of the stratum

basale and the neighbouring stratum spinosum
cells, while in the molluscum contagiosum
nodule, cytoplasmic DNA synthesis occurred

of cells in the stratum spinosumin groups

(Fig. 11). As a rule, in cells located in the
center of a focus, silver grains were diffusely
scattered in the cytoplasm, corresponding to
the " molluscum bodies ". On the contrary,
most of the cells located in the outer parts of
a focus contained small localized aggregates
of silver grains which corresponded to the early
stage of inclusion bodies. This peculiar ar-
rangement of inclusion-bearing cells in a focus
suggests that the infectioiT starts at the center
of the focus and progresses radially to the peri-
pheral part of the focus.

Nuclear DNA synthesis \\, as greatly di-
minished in cells with active cytoplasmic DNA
synthesis. Prominent nuclear DNA synthesis
was observed mainly in the basal layer of tl\e
colderini^. (Fig. 12).

are considered to be made of RNA (RAKE at a/.,
1950). These observations on the molluscum
body agree with the present findings.

KATo at "/. (1955, 1959, 1960 and 1963)
studied the inclusion bodies of the poxvirus
group extensively, and classified them into "A"
and " B " types. The " B " type inclusion
bodies, which are found in cells infected with
poxviruses, all have the same staining properties
with Giemsa stain and the same inorphological
developmental process. 11T all poxvriruscs,
the inclusion bodies have been shown to be the

site of synthesis of viral DNA and of viral
antigen by autoradiography using 'H-thymidine
and the Huorescent antibody technique.

If molluscum contagiosum virus belongs to
the poxgroup virus, then its inclusions should
have inorphological similarities to " B " type
inclusion bodies. However, as far as the in o1-
Iuscum bodies are concerned, the inclusion
bodies ITad rather different structures from

" B ' ' type inclusion bodies although DNA
synthesis was observed in them. In our pre-
sent experiments, various size of cytoplasmic
Inclusion bodies were found in many epidermal
cells of molluscum nodules and these stained

reddish purple with Giemsa (Figs. I, 2 and 3).
TITese inclusion bodies \\, ere tentatively divided
into 3 successive stages on the basis of their
size and properties. The staining and struc-
tural properties of stage I and 11 inclusion
bodies corresponded to " B " type inclusion
bodies of poxgroup viruses, while stage 111
inclusioiT bodies of more than 30 14 in dia-
meter corresponded to the so-called " in o1-
Iuscum bodies ". There were intermediate

stages between stage H and 111, and stage 111
inclusion bodies \\, ere shown to be specific in o1-
Iuscum inclusion bodies in the developmental
process. Therefore, stage 111 inclusion bodies
are different from the "A' ' type inclusion bodies
of poxgroup viruses which develop indepen-
dently from the " B " type inclusion bodies.
Thus the inclusion bodies of molluscum con-

tagiosum showed a similar developmental pro-
CGss to the " B " type inclusion bodies of pox-
viruses but were finally transformed into the

DISCUSSION

I. Inch, $20" hoof^^s of 7110/1"scw, ,I COM1agi'OSw?11
Isolation of the molluscum contagiosum virus

has not been achieved, but the virus has been
classified as poxgroup virus on the basis of its
morphology.

Since LIPSCHtiTz reported on the inclusion
bodies of molluscum contagiosumin1919, these
bodies have been studied by many investigators
mostly in sections of the nodules. The in o1-

Iuscum body contains abundant DNA and is
separated into small IOCuli by trabeculae which

TAXIGAKi T. at al. Mollusc"in Contag, 'OS"in. autoradiogrnphic Stud, ts 51



Structure of in-
fected cells

Molluscum contagiosum virus Infected cell
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FIGURE 13 Comparison of in orphological characteristics of inclusions of molluscum contagiosum and poxvirus
(MtOH : Methouol)

The number of silver grains in inclusion
bodies at all stages were far fewer than in nuclei
of cells without inclusion bodies (Figs. 8 and
9). In cells infected with cowpox virus, DNA
synthesis in ' ' B " type inclusion bodies and
especially those of 10 to 20 14 in diameter, was
as active as that in the nuclei of cells bearing
no inclusion bodies. Thus, it seems that the
cytoplasmic DNA synthesis of the molluscum

@

MtOH

" molluscum bodies

An autoradiography with 'H-thymidine, the
site of agggregation of silver grains in the cyto-
piasm corresponded to inclusion bodies at all
these stages (Figs. 5,6 and 7). Silver grains
were even found in stage 111 inclusion bodies
which spread through the entire cytoplasm and
pushed the nudeus against the cell membrane
(Fig. 7).
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contagiosum inclusion bodies occurs at a much
lower rate, and this cytoplasmic DNA synthesis
could be considered as evidence for viral DNA

synthesis.

2. Relrtt, 'ONsh4i between Dim/ 111wltz:PI^^at20" a"of
cell pro/feintt'o11 lit IMO//Msc""I coningios",, I
"oofz, Ie

On autoradiography of 'H-thymidine uptake
using scratch preparations, Intensive labelling
of the cytoplasmic Indusion bodies was seen
(Figs. 5.6 and 7). There was much less label-
ling of the nuclei than of nudei of cells without
inclusions (Figs. 9 and 10). Among these in-
clusion-bearing cells, which did not show any
active nuclear DNA synthesis, the cells with
stage 111 inclusion bodies appeared to be de-
generating. This suggests that virus-produc-
ing cells do not proliferate. A similar suppres-
SIon of nudear DNA synthesis in cells in which
there is viral DNA synthesis has also been ob-
served with other poxviruses.

In autoradiograms of sections of molluscum
nodule, cytoplasmic DNA synthesis was seen

of cells in the stratum spinosumin groups

(Fig. 11). The structure of a focus was quite
similar to that of the foci found in rabbit cor-

neal cells infected with vaccinia virus (HARA
at a/. 1964), and indicated a centrifugal pro-
gression of the infection. Nudear DNA syn-
thesis in cells with active cytoplasmic DNA

synthesis was rarely seen as in scratch prepara-
tions (Fig. 12). Prominent nuclear DNA syn-
thesis was mainly observed in the basal layer
of the epidermis (Figs. 11 and 12). These facts
suggest that formation of small tumors in the
molluscum contagiosum cannot be ascribed to
division of virus producing cells, but to pro-
liferation of cells of the stratum basale and the
neighbouring stratum spinosum

The host-virus interaction in the formation

of the nodules of the molluscum contagiosum
strongly resembles to that of other poxgroup
viruses, in regard to the characteristics of the
inclusion bodies and to DNA synthesis (Fig.
13)
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