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BIKEN JouR\AL 6.9.16 (1963)

Autoradiography of the Tissues of Mice infected with
ECfromelia Virus Using 'H-Thymidine

SHIR0 1< ATo, Yuzo AOYAMA*' AND IUNTARO KAMAHORA

"A" and "B" typeindusionsiniitouseliver cellsinFccLcdwilll ectromclia \, irus \\crc dcmonstrat-
ed in tissue sections as well as in smear preparations. "B" Iypc inclusions COLIld also bc seen in
tile CPIihelial cells of inc kidney. pancreas, lung and inICstinc, in the mescnchymal cclls of 111c lymph
it odes, thymus and bone nlarrow, and o11cn in Inc cyLoplasin o11nusclc cclls in Ihc in testiiTal wall.

Intensive incorporation or aH-titymidinc into "B" type inclusions was demonstrated in tltcse
inkcted tissues. Relatively inICUsi\, c accumulation or silver grains n. airily on Ihc cdn'e or "B" type
Incltisions was seen b*. 111in sectioning at a ICvcl or I". This suggests 111at syntliesis or \, iral DNA
is most acLivc at Ihc SLITfacc or the "B" type inclLisions. Tllc wide range or susceptible cells includ-
ing cells which do 1101 show any active nuclear DNA synihcsis, revcals 11, at cytoplasmic \'iral DNA
s\, nthcsis occLITS Independently of IlOSI nuclear DN/\ syntllCSis.

Dela, '!merit of Palho!rigJ, , T/!e ReJearc/I In 3111/11e for
JVicrobi"! DinedJer, OJ"Aa Uru'"erri!I, Of"A"
(Refei, ed for 1116!^^ation, rl/Iri'! 16, 1963)

Since Afarcha1 (1930) isolated ectromclia \, irus as "a Ilithcito tindcscril, cd
virus", it has I, eell SITo\.., IT that the \, irus clicits cosiiiophilic cytoplasmic incltisions
in cells of sc\eial lissucs of mice. FCnner (1949) gavc "a revie\-v about mousc-
pox (infectious ectromelia of nTicc)" and reported I11sto10gical findinus in the liver.
ATims (1959a, 19591i) usintr the fluorescent anti!Jody Iecl\nique, showed that whcn
cctromelia virus \\'as linectecl Intravenously into mice it \\, as taken up I)y the littoral
cells lining the liver sinusoids. Then, viruses reached ITepatic cells I^, "orowin, ,
througlT" littoral cells, and caused infected foci lit the hcpatic cells. However,
tltc appearance of the Inclusions in the liver cells has not liceiT described.

Two kinds of inclusions were found in EhrliclT ascites tumor cells infectcd

\\'Ith ectroinelia \. irus (Kat0,1955; Kato at rr1. , 1955). The one \\, hiclt appears
eai'tier and stains I'eddish I, UTPlc with Giemsa solution \\'as named a "B" type
Inclusion ("B"), and the other willclt appears later, stains I, ale I)Iue and contains
acidophilic IJarticlcs was namcd ai\ "A" type inclusion ("A"). These workers
found that the "A" corresponded to the so-called ATarchal nody. Later "A" and

Sui\{MARY

INTRODUCTION

* Present address: DCDarimei, I of Patholou'y, The Institute for Infections Diseases, Tokyo Uni\, cr-
sill'. Tokyo

9



10

"B" were demonstrated in smear preparations of infected mouse liver by Oketani
(1959). Further. studies have revealed that "B" type inclusion foimation is coin-
mon to all kinds of poxvirus infection and has been proved to be the site of viral
antig, n (T^k^hachi at "!., 1959; K^in, y^in^ at "/., 1959; Kat, at at. , 1959).
Through the autoradiographic studies on the tissue culture cells infected with
several pox~/iruses including ectromelia virus, B has been turned out to I, e an
minusic ^its of viral DNA synth. ,I^ (Kat. at at. , 1960^, 1960b, 1962).

In the experiments reported in this paper, ectromelia virus Infected mice \\, eye
exposed to 3H-thymidine. Incorporation of 3H-thymidine into DNA in the infect-
cd tissues \\ as studiecl autoradiogra. phically.

KATO, AOYAMA AND KANIAHORA

I, '11/1S

The \, irus suspciTsions LIScd throughout 11te present work were fluorocarbon (Dairron S3) purified
supernaiailts after centrifugation of a 30 per cent liver emulsion from nToribund mice infected \\, Ith
the Hampstearl strain of ectromelia virus. The supernatant was dilutecl with Hanks solution. The
infectivity of the final cliluent was about 106 Tcl05n per inI
2. ,Vtte

,IdO mice, weighing 20 gr were used

3. Iro!DPC

Trillaicd Ih\, inIdiiLc (nominally-6T), purchased rrom lite Radiochemical Centre, I\metsham,
Englancl (specific activity 2.5 Clink{) was LISed at a Ie\, c! or 200 AC I inI.

4. Rowle of ill, c!ion

A1iquois o10.2 inI or \, irus suspcnsions (2x105 Tcl05") wereinoculaicclinto mice initapci'I-
toneally. A lice were sacrified at 8.15,20,24.48 and 72 hours after infectioil. One hour before
death, eaclt mouse was injected intraperitoneally, with 0.5 ntl of aH-tllyinidiiTe solution (100 11C
per mouse)

5. Secii'o11i, !g, all!Draffiogrn/by and J!"!"ing

Tile organs were fixccl in absolute ethanol containing 5 per ccni glacial aceiic acid at + C for
2+ hours. During fixation, the organs were 51icccl in half cvcry one or two 110urs, until finally they
were abotit 0.2 mm LITick. The fixecl tissues wetc dehydrated with coolccl eihailo1, embeddccl in
Datathn ancl sectioned at a thickness of I or 311. Then the sections were placed o1T cleail cover slips
11 x 45 runl square, without using ally, adhesive such as egg-albumin. The I, rocedure o Ixaiion
broLigltt about results satisfactory 10 11te slanting or section preparation witll Giemsa so unon.

Autoradiograms \\, cre made, accorcling to the techniques or NICssier anti Lebloild (1957) ant
Joltes (1959) with a little modification. r\fret treatment \\, jilt 0.2 N perc1110ric acid at 4 C for
min to remove acid soluble molecules, the cover slips were Tiltsed thoroughly with distillec water.

Thcn theTITey were dipped into the Eastman Kodak NTB2 emulsion in the sol IJhase at 45 C.
cover slips weic kept in test Iubes with small holes in the bottoms, which were disigiTed by Lis.

TITese tubes were stored vertically for 10 days in a dark chamber at low temperature to avoid
relaxation or 111c emulsion. TITc n. o1sture in the chamber was mall, lainecl at about 40 per ceilI by
initoducing saturated CaClg solution Into 111e chamber. Silica gel was also Lised tentativcly to
keep humidity low. The low humidity increased Ihe number of grains intensiveIy. The thickness
of the emulsion sheets after dipping was about 5/1. Developing was carried out according to I e
Kodak form\11a 19b at 18'0 for 5 min

A, IATERIALS AND A. IETHODS



D\r\ SYNTHESIS OF ECTROi\{ELIA \'IRDS IJ\' 1/1FO lI

Tissue smears \\eic also fixed in mentanol, trcaicd with perchloric acid an I d' d
above.

Alter Ihc co\. ct' slips it ad be un de\ eloped, fixed and washed gcntl ,. the . d ' I ' ' .-
coolci', aitd stained with Giemsa solution (pH 6.4) or liematoxylin-eosiil at tinder 18'C. Some
were stained with Feulgen's reagent before dipping. Finally 111e cover 511 s we. d '
Canadian balsam, and the emulsion sheets on the opposite side (\\. ithout cell
completely.

I . Meijing of gelled emulsion

2. Dipping und drying

Cover slip _ wilh a hole

Waler baih o1 45'C in Ihe boltomLabeled lissue seclion or smear

3 Exposure in Iighi-proof, vapor-jighi box

it
4 Developmeni. fixoiion and slaining

Fixoiion

> 18'C

Fig. I Process of Dipping Autoradiogrophy

Tcst 111hcs willI sinall holes in the bottom were \cry convciticnt fur dc\cl , . h' ,,
staining 111c COYcr slips after dipping. TITcy DCTmiitecl the carrling oLit o11hcsc successi 'c d t
\\. Ithout touching the co\'CT slip.

The proCCdurc for dipping autoradiograplly is 5110\\. I, in Fig. I

RESULTS

^..

Soluroled solulion

o1 CoCl2 or Silica Gel

Developmeni

Lid, I

^.

Grrrei a/ palhologj,
Liver damage IJegan as a multiple focal necrosis which was distril)uted throu-

ghout the organ regardless of the lobular architecture. At this sta e the sinus 'd
frequently filled \\, ith hyaline thrombi, and the cytoplasnT of the liver c 11 ,
swollen and hvaline. On Giemsa stainino' the reddish ur it "B" s i th

I-\
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cytoplasm of degenerated liver cells became apparent. There was very little
evidence for the appearance of wandering cells. These findings were seen within
24 hours after infectioiT (Fig. 2).

Later, focal necrosis developed and areas fused with each other forming
sublobular lesions (Fig. 3 ) . There was much monocytic infiltration all over the
liver. parcnchyina. Often damaged blood vessels were seen (Fig. 5). In later
stages the "B"s became diffuse in the cytoplasm and stained less thatT the compact
"B"s seen at an early stage. "A"s staining pale blue were Tai. ely seen. The
appearance of the bile ducts anc1 1.1anches of the venous and arteiial system within
the liver still remained normal.

From 48 to 72 hours after infection, liver damages spread rapidly and finally
subtotal liver necrosis developed (Fig. 4) . The sinusoids filled with monocytes,
de, enerated liver cells and extruded "B"s. No lobular architecture was discerni-

and islets of liver cells free from infection and sometimes showing slight re-ble,
The number of "B"s in a single celldeneration \\, ere seen in the necrotic areas.

increased to ten or more. These were compact and small in size. These facts
showed that massive infection had occurred at this stage following the sublobular
damage. Animals all died netween 70 to 80 hours after infection.

It seems that the liver damage of mice caused by ectromelia infection resembles
human acute yellow liver atrophy.

Smear preparations of the infected liver cells were made and stained with
Giemsa solution. In the smear taken 48 hours after Infection, there were many
"B" bearin. ' liver cells and sometimes "A"s were encounterred (Fig. 6.7).

Automatogi'ally

One horn. after the intraperitoneal inoculation of 3H-thymidinc, mice were
sacrificed and the oroans were immediately fixed 11T cool alcohol to stop enzymatic
activity of DNA polymer ase and kinase.

The autoradioo'ram of control liver showed that nLost of the liver cells contain-
cd no silver grains. The percentages of labelled parenchymal liver cells \\, ere less
than 0.01 per cent. In other words, there was very little evidence of active DNA
synthesis in control liver.

On the other hand, in infected liver, there was intensive accumulation of
silver grains in the cytoplasmic area corresponding to the IOCatioiT of the B .
The most intensive accumulation of silver grains \\, as seen on 'B s of 5/1 to 6/4 in
diameter, in sections of 3/4 thickness, after 10 days exposure. There were few or
no drains on diffuse "B"s. No grains were found in the area corresponding to
"A"s, no matter \\, hat their size (Fig. 10 and 11).

In IIJ serial sectioning after 10 days exposure, it was found that 60 to 70 per
cent of the grains were present in the area around the edge of the B s. They
trave the appearance of a CTo\\, n (Fig. 12, 13 and 14). The incorporation of H-
thymidine into liver parenchyma near. the peritoneum seemed relatively more

KATO, AOYA:\{A AND KAMAHORA



intensive tlTan into that of the innci part

Autoradiogram of the "B" tvpe inclusions found in the liver cells in the smear
preparations also showed the deftnite incorporation of 3H-thymidine into them
(Fig. 8.9)

Spleen alld o1h, I' Diga!!J

The damage of the spleen seemed to progrcss more rapidly than that of the
liver. Infected cells, In OSt of \vhiclT were cells of the Teticulo-endothelial s ,stem,
I)ecame 100scned but remained in thc itctworks of the sintises. In these cells there
were many typical "A"s as well as "B"s. Often the "A"s were Iai. tier than tllc
nu. I. i (Fig. 15).

At a late stage of infection many compact "B"s could be seen in the epithelial
cells of thc kidney, pancreas, lung ancl intestine, in tl\c me senchymal cells of Ihc
lymph nodes, thymus and IJone marrow, and often in thc cytoplasnl of nTuscle
cells in the intestinal wall (Fig. 18).

Autoradiograms of the spleen and other organs showed an intensive accumula-
tion of silver grains on the "B"s, as seen in the liver. No drains were found on thc

"A"s, \\, hich could lie easily seen in the cells of the Tcliculo-cndothclial system
in the spleen and ritesenterIuin (Flu. 15.16,17.18).

D\r\ SYNTHESIS OF ECTRO\-IELIA \-JRUS IJ\f VIPO

Many autltors \vlTo stained liver section willt Itematoxylin-Gosin or \'iann's
solution, have reported that it is very dimcult to find inclusions in the liver of mice
Infected \\, 111T ectromelia virus. 11 was prol)ably becausc of the prevailed idea
that the so-called I\larchal body was an only kincl of inclusion of ectromclia virus.
And these double staining metlTods are suitable for demonstrating "A" ty e inclu-
SIoiT (lv'larchal body), I)ut do not demonstrate well the "B" type inclusions (Kato
at a/., 1962). In fact, "A" type inclusions (Marchal I'Ddics ) were vei. y fe\\,, I)ut
by no means al)sent.

Giemsa staining Is the ITlOSI prcferable staining for "B" type inclusions. In
the present I)aper, the section preparations \\, ere stained \\, ith Giemsa solution.
The dimculties of stainin. tissue sections with Giemsa solution were over coine b
Improving the I>rocedure as follows. The oroan is sliced as thin as possible, --fixed
in cool ethanol and the dehydrated as quickly as possible. In the infectcd 11vcr,
"B type inclusions \\, ere present in abundance. The numlier of cells bcaring
"B" type Inclusions increased in parallel with the pro, 'ress of liver damage. The
sudden appearance of numerous compact "B" type inclusions at a late staoe of in-
fcction showed that Inassive virus production occurred at a moilbund SLaue of the

13

DISCUSSION

mice.

Intensive Incorporation of 3H-thymidinc into "B" type inclusions ill DIDo seemed
similar to the I, henomenon seeiT in vitro (Kato at a1. , 1960a). The fact that we
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could not find any silver grains on the "A" type inclusions also agreed with the
results of in vitro experiments. It can be, therefore, safely said that the B type
'nclusions ill aiuo arc also the site of viral DNA synthesis as well as virus antigen
shown IJy fiiJorescent antil>ody technique (Kameyama at a/., 1959).

In our present work, silver grains were seen arranged around the B type
inclusions like a crown in sections of 14 In ou^ previous tissue culture works,
ho\\, ever drains sccmed to cover over the whole surface of the B type inclusion
whiclt was not sectioned. The results suggest that the synthesis of viral DNA in
the "B" type Inclusion is more active in the area adjacent to the boundary between
the inclusion and cytoplasm.

From the present work it is clear that a wide range of tissue cells are susceptible
t oxvirus infection as indicated IJy the formation of B type inclusions in their
c toplasin. Extensivc studies have IJeen carried out on the incorporation of 3H-
thyinidine and 3H-uridine into several tissues of mice (Messier and Leblond, 1960;
Am ano and Lt:I>10nd, unpublished). From the point of view of nucleic acid syn-

the intcnsivc incorporation of 3H-thymidine Into the B type inclusionsthesis,

was seen in the cytoplasm of cells where there was normally 11/11c or no active
nuclear DNA synthesis. These cells Included liver cells, muscle cells and epithelial
cells of the kidney. A similar intensive incorporation of H-thymidine was seen
in cells showing more active DNA synthesis under normal physiological condi-
tions, such as cells of the Teticulo-endothelial system in the spleen, the lymph gland
and bone marrow. Therefore it is considered that the poxviruses are able to
multiply regardless of the normal level of nuclcar Dl\A synthesis of the host
cells. The 11vcr cell-ecromelia virus system in Dzuo has I)Gen found to provide a
t ,, ical example of dissociation of the synthesis of host nuclear and viral cytopla-
sinic DNA.

It may be of interest to notice that all these cells susceptible to ectroinelia
virus are the cells showing RNA metalJolism. The similar results have been
obtained using cowpox virus and several tissues of rabbits and humail IJone marro\\.
cells (unpublished) . Two compounds, I. e. , 5.6-Dichloro-I-fi-D- ribofuranosyl-
henzimidazole and RNase, are considered to have an inhibitary action upon RNA
metal>o11sm. The pretrcatment of L cells susceptible to ectromelia virus, by these
two compounds caused apparent suppression of the B type inclusion formation
(Ik. gymi at at. , 1960). Thus, re, urn p". badly rodi, at, that th, conditi. n of
11,111rr 1103!-cells may not lie a minimal requiremer. t for virus multiplication and that
naniu cellJ 5hottiing RA'/I meldbo/!Jin might be a further requirement, while it is not
necessary that the ILOst cells sho\-v nuclcar DNA metabolism for' the virus to Inulti-
ply.

The results also suggest that the mechanism controlling nuclear Di\A syntltesis
of liver cells in the ph\, SIological state is prol)ably noi a direct action upon DNA
synthesis itself, but an action upon the division mechanism of the cell.

KATO, AOYAMA AND KANIAHORA
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All preparations were stained \\, ith Giemsa soluiioit. Figs. 2-4. SITo\v lite progress o111verlesion
Focal itecrosis (Fig. 2) advances 10 sublobular damage (Fig. 3) and finally to subtotal necrosis (Fig.
41. In Fir. 4 no lobular arcliitccture is clisernible. 111 Fig. 5 note lite clamage of a blood \, essel
(portal vein).

Fig. 6 and 7. Sincar prcparaiion of liver 481toiii's after' infection. In Fig. 6, there are many
scattered compact "B" type inclusions in The cytoplasm. In Fig. 7* note se\, eral A type inclusions
(indicated by arrows) and cliffuse "B" type incusion.

Fig. 8 and 9 are auioradiograms of smear prcparations or the liver
of silver grains corresponding to the "B" typeinclusions are seen

Fig. 10-14. Autoradiograms o11iver sections. Figs. 10 anc1 11,72 hours after infection (section
34 thick\. Figs. 12-14 SIlow the crown-like arrangement or silver grains at the edge or the B
type inclusion (section 11! thick) .

Fig. 15. Autoradiograin of a spleen section. 48 hours after infociion. Note sevcral large A
11, pe inclusions which are free from silver grains. "A" type Inclusions \\, ere indicatecl by arrows.

Fig. 16 and 17. At110radiograms of meseilteliunt scctions. The cells lining 111e right side of
Ihc figure arc enclothclial cells of the peritoneum. Many sites or 511\, er grain accumtilation which
coiresponds 10 "B" type InclLisions, arc seen. "A type inclusions are free from silver grains.

Fig. 18. Autoi'adjograin o11he intestinal \\. all. Note the grain accumtilation 111 the cytoplasmic
area of the muscle cell.

KATO, AOYAAIA AND KAAfAHORA
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