Mouse Cytomegalovirus

Necrosis of Infected and Morphologically Normal Submax-
illary Gland Acinar Cells During Termination of Chronic
Infection

Donald Henson, MD and Alfonso J. Strano, MD

The ultrastructural lesions in the submaxillary glands of C,H mice chronically
infected with the murine cytomegalovirus are reported. Virus was synthesized
in the nucleus of acinar glandular cells. After passage into the cytoplasm, virus
was located in large vesicles which were derived from the Golgi apparatus. These
vesicles, which were periodic acid-Schiff positive, migrated to the apex of the
cell and released virus into the acinar lumen or canaliculi. Eventually, lvmpho-
cytes infiltrated the interstitium and surrounded the basal lamina of acini which
contained infected cells. In acini encompassed by lymphocytes, both infected cells
and morphologically normal acinar cells simultaneously degenerated, producing
a small focus of necrosis. Physical contact between lymphocytes and necrotic cells
did not occur for an intact basal lamina was always found interposed between
them. Degeneration of infected cells coincided with a decrease in virus titer in
the salivary glands. Degeneration of infected and normal acinar cells also oc-
curred in DBA 2 mice which lack the fifth component of complement. In mice
conditioned with cortisone to suppress inflammation, neither infected nor normal
acinar cells degenerated. We concluded from the electron microscope observa-
tions that lymphocytes terminate chronic MCMYV infection, that MCMV infection
of acinar epithelium is not cytolytic and that normal cells also undergo necrosis
during termination of chronic MCMYV infection. It is postulated that lymphocytes
in responding to infection release a cytotoxic substance which diffuses into the
acini and causes indiscriminate necrosis of acinar cells (Am J Pathol 68:183-202,
1972).

MANY VIRUSES BELONGING TO SEVERAL DIFFERENT GROUPS
produce chronic infection either in their natural or in experimental
hosts. With some of these viruses specific pathologic lesions develop
during the course of chronic infection which differ from lesions pro-
duced during acute infection. For instance, in man, subacute scleros-
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ing panencephalitis has been associated with chronic measles virus
infection of the central nervous system; ' and, in mice, glomerulone-
phritis frequently occurs during chronic lvmphocvtic choriomeningitis
virus infections.® The mechanisms of virus-induced tissue injury dur-
ing chronic infection have not been elucidated, although there is a con-
sentience that numerous mechanisms are involved.®

The cytomegaloviruses (CMV) belong to the herpesvirus family and
cause chronic infection in many species of animals in which they occur.
In newborn infants, congenital CMV infection causes cytomegalic in-
clusion disease. In older children and adults, CMV infections have been
associated with pneumonitis,”® fever with rash,® heterophil-negative in-
fectious mononucleosis,*® parotitis ** and hepatitis.’*** As with other
viruses causing persistent infection, disease apparently can occur dur-
ing the course of chronic CMV infection.® One approach to understand-
ing the pathogenesis of human CMV infection involves experimental
studies with laboratory animal strains of CMV. In mice, the murine
cytomegalovirus (MCMV) produces a hepatitis ** and chronic infec-
tion in salivary glands,'®*" kidneys ' and lymphoid tissue.’® The hepatic
lesions and sites of virus persistence are similar to that found in humans
infected with CMV. In this report, the ultrastructural cellular lesions
that occur in the submaxillary glands during chronic MCMYV infection
are described. The results suggest that one mechanism of virus-induced
tissue injury operates during the termination of chronic infection.

Materials and Methods
Mice

Male C;H,He and DBA,/2 mice 6 to 8 weeks of age were used. Mice were
obtained from the NIH breeding colony and were free of MCMYV infection.®

Experimental Procedure

Mice were inoculated intraperitoneally with 0.25 ml of virus suspension pre-
pared by homogenizing the salivary gf;nds of 3-week postinfected C;H mice.
Virus suspension was initially prepared as a 10% homogenate in saline and di-
luted 10-2 before injection. Following infection, submaxillary glands were re-
moved twice a week for 9 weeks for electron and light microscopy. Generally, the
left gland was fixed in Bouin’s solution for light microscopy and the right gland
was cut into 1-mm cubes and fixed in 0.1 M phosphate-buffered 4% glutaralde-
hyde at pH 7.2 for electron microscopy. In addition, mice were killed periodi-
cally after infection for assay of virus in the submaxillary glands. The methods of
virus assay have been described.16.19

*In conducting the research described in this report, the investigators adhered to
the “Guide for Laboratory Animal Facilities and Care,” as promulgated by the Com-
mittee on the Guide for Laboratory Animal Facilities and Care of the Institute of Lab-
oratory Animal Resources, National Academy of Sciences—National Research Council.
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Cortisone Administration

Cortone® (Cortisone acetate, Merck, Sharpe and Dohine, West Point, Pa) was
used. Mice were injected intraperitoneally 3 times a week with 0.5 mg cortisone
beginning 10 days after MCMYV infection.

Electron Microscopy

Glutaraldehyde-fixed tissue was washed in phosphate-buffered 5% sucrose
solution pH 7.2, postfixed in 1% osmium tetroxide in water, dehydrated in al-
cohol and propylene oxide and embedded in Epon 812. Sections were cut on a
Porter-Blum MT-2 Ultramicrotome, double stained with uranyl acetate and
lead hydroxide and examined with a Siemens Elmskop I. Over 1600 sections
were examined in the electron microscope.

Histology
Bouin’s fixed tissues were embedded in paraffin and sections stained with

hematoxylin and eosin or by the periodic acid-Schiff reaction. Reticulum stains
were done by the Gridley method.

Results

The submaxillary glands of C;H mice are trilobed, with each lobe
containing only one tvpe of secretory cell—serous, mucous or sero-
mucous. During chronic infection, intranuclear inclusion bodies ap-
pear predominantly in seromucous secreting cells, occasionally in mu-
cous secreting cells and rarely in serous secreting cells.

Ultrastructure of the Seromucous Secreting Cells

The ultrastructure of the seromucous secreting cells and acini is
presented first as reference for describing changes in the infected cells.
The acini consist of 8 to 10 pyramid-shaped cells with the apical regions
forming the acinar lumen. The cytoplasm of these cells contains a
well-developed Golgi apparatus, small amounts of rough and smooth
endoplasmic reticulum, scattered small secretory granules, small ves-
icles near the Golgi region, occasional laminated myelin bodies and
lvsosomes. The nucleus is in the basilar half of the cell, oval in shape
and has finely dispersed chromatin which is more dense along the nu-
clear membrane. The nucleolus is not prominent, but when present, it
is located at the nuclear membrane. Laterally, the plasma membranes
which interdigitate with adjacent cells are focally connected by des-
mosomes. Between adjacent cells are caniliculi formed by projecting
microvilli. Surrounding the acini is a nonfenestrated basement lamina
or membrane. Between the basal lamina and acinar cells lie the long,
slender cytoplasmic processes of the myoepithelial cells. There are
no desmosomes or interdigitating connections between acinar cells and
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myoepithelial cells. Interspersed between acini in the interstitium are
collagen bundles, nerve fibers, capillaries and some fibroblasts.

Multiplication of MCMV in Submaxillary Glands

Virus appeared in the submaxillary glands 7 to 10 days after infec-
tion, reached maximum titers by days 16 to 21, then decreased in titer
during the subsequent 3 to 4 weeks. Intranuclear inclusion bodies,
which appeared 1 to 3 days after infectious virus was detected, in-
creased in number to about day 21, then decreased as the virus titer
declined. Concomitant with a decrease in number of inclusions was
a progressive focal interstitial inflammatory reaction (Table 1).

Ultrastructure of Submaxillary Glands from Infected C;H Mice
First Week

There were no changes evident. Although mature virus was seen in
the hepatic sinusoids and vessels on days 4 to 7,> none was visible in
arteries, capillaries or tissues of the salivary glands.

Second Week

The first indication of infection was not observed until the twelfth
day. The nuclei of acinar cells became enlarged and rounded and the
chromatin more uniformly dispersed. Within the region of the nucle-
olus, the first assembly of virus was seen. The nucleoli which remained
along the nuclear membrane enlarged and exhibited feathering
around the periphery (Figure 1). High-power magnification of the
feathery edges revealed hollow fibrils identical to those of the virus

Table 1—Correlation of Virologic and Histologic Observations on Submaxillary Glands of
C:H Mice Infected with the Murine Cytomegalovirus

Relative No.
Days after intranuclear Relative amount
infection Virus titer* inclusions inflammation
4 <1.0 X 10t} — —
16 2.9 X 10¢ +++ ++
20 3.2 X 10¢ ++++ +++
27 2.0 X 10¢ +++ ++++
34 4.5 X103 ++ ++4++
43 7.5 x 10t — ++
55 1.8 x 10 — —

* Plaque-forming units per milliliter of a 10% salivary gland homogenate.
t Titer for one mouse.
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membrane. Irregular dense cores soon became associated with and
surrounded by these hollow fibrils which seemed to form the capsid of
the virus. Subsequently, cores, fibrils and virus were seen throughout
the nucleoplasm. As virus passed into the cvtoplasm it acquired a second
membrane from the inner nuclear membrane.

The first change evident in the cvtoplasm of infected cells was an
increase in number and size of organelles. The mitochondria enlarged,
the cisternae of the smooth and rough endoplasmic reticulum dilated
and the number of vesicles greatly increased, especially in the area of
the Golgi apparatus. After emerging from the nucleus, the virions were
usually seen free within the cytoplasm. Eventually, they made contact
with a unit membrane of a dilated vesicle, and by a process of invagina-
tion, passed into the vesicle (Figure 2). As the virus entered the vesicle,
it acquired a third membrane, or envelope, from the invaginated part
of the vesicular membrane. Although this process occurred most often
in the Golgi region, we have seen virus enter vesicles derived from the
endoplasmic reticulum. Initially, the vesicles contained onlv several
complete viral particles, but as time progressed the vesicles enlarged,
particularly when they approached the apex of the cell, and eventually
contained as many as 100 virions visible on thin sections ( Figure 3).
Often individual infected cells contained as many as 10 large vesicles
and numerous smaller ones. Inside the vesicles, the virions were ran-
domly arranged in a poorly staining granular matix. With light micro-
scopy, these large vesicles were periodic acid-Schiff positive and ap-
peared as intracyvtoplasmic inclusion bodies. Eventually, these large
vesicles reached the apical margin and ruptured releasing virus into
the lumen or into the canaliculi (Figure 4).

As shown by multiple sections, the acini usually contained one, rarely
two, infected cells. Occasionally, infected cells were binucleated with
both nuclei producing virus.

At this stage, there were no changes in mvoepithelial cells, basal
lamina, or interstitial elements. The desmosome connections per-
sisted between adjacent infected and uninfected cells.

Third Week

During this time, the number of infected cells increased, reaching
maximum around day 21, which coincided with peak viral titers in the
salivary gland. However, there were no significant changes in the in-
fected cells. Although the number of viral particles within the acinar
lumens, caniculi and ducts increased, virus was never seen in the in-
terstitium, between or entering uninfected cells or in vascular chan-
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nels. The morphology and development of MCMYV in the submaxillary
glands of inbred C;H mice resembles that reported for random bred
Swiss-Webster mice.*!

After the sixteenth day, inflammatory cells began to appear in the
interstitium. They progressively increased in number and surrounded
acini in which there were infected cells, often dispersing periacinar
fibroblasts and collagen (Figure 5). The early infiltrate consisted of
small lymphocytes, and later, a combination of small lvmphocvtes,
larger lymphocytes corresponding to the intermediate tvpe, and mac-
rophages. The intermediate type predominated and were usually found
aligned along the periphery of the basal lamina. The lvmphocvtes had
a moderately developed rough endoplasmic reticulum, prominent
Golgi apparatus and large nucleolus. At this time, silver-impregnated
histologic sections showed displacement and fragmentation of the
periacinar reticulum and severe distortion of acini by the inflammatory
cells. However, the basal lamina remained intact, despite marked
distortion of the acini. Penetration of inflammatory cells through the
basal lamina was not observed. Polvmorphonuclear leucocvtes were
never seen in the interstitial tissues of the salivary glands.

Fourth and Fifth Weeks

During this time, the number of inflammatorv cells increased and
the first evidence of necrosis was noted in acini encompassed by Ivm-
phocytes. Necrotic changes occurred simultaneously in infected and in
uninfected acinar cells (Figure 6). The lyvsosomes enlarged, often
coalesced and accumulated a dense osmophilic amorphous material.
Organelles surrounding the lysosomes seemed to disintegrate and the
ergastoplasm became disorganized. This was accompanied bv an in-
crease in number and size of laminated bodies within vesicles. In the
infected cells, vesicles which still contained virus collapsed and the
virions were dispersed in the cytoplasm. Nuclear changes occurred
after the cytoplasmic changes were moderately advanced; thev con-
sisted of chromatin condensation and subsequent pvknosis.

The number of uninfected cells undergoing necrosis varied in the dif-
ferent acini. In some of the acini, onlv cells adjacent to infected cells
became necrotic while in other acini, all visible cells except myoepithe-
lial cells degenerated (Figure 7).

Degeneration of cells was visible only in acini surrounded by Iym-
phocytes. Infected cells found in acini about which there were no
inflammatory cells showed no evidence of necrosis, even though nu-
merous virus containing vesicles were present in the cvtoplasm. Further-
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more, physical contact between Ivmphocytes and degenerating cells
was not observed for an intact basal lamina was always found inter-
posed between them. Necrosis was not recognized in acini adjacent to
those acini with infected cells. Necrosis of acinar cells was maximal
from days 25 to 35, corresponding to a progressive decline in the titer
of infectious virus. Necrotic cells were extruded into the lumen and
apparently were removed by passage out the ducts.

The myopithelial cells did not become infected nor did thev degen-
erate with the acinar cells. Instead thev enlarged and frequently
extended their cytoplasmic processes toward the acinar lumen in
between acinar cells (Figure 8).

Sixth to Ninth Weeks

This period was characterized by healing. Inflammatory cells
migrated out of the submaxillary gland and the acini regenerated.
The myoepithelial cells assumed their normal size and position. At the
end of this period, the histology of the salivary gland was indistin-
guishable from that of uninfected mice.

Mucous Secreting Glands

In the lobe with mucous secreting cells there were fewer infected
cells and correspondingly less inflammation. However, virus svnthesis
and the changes in the acini during termination of infection were
virtually identical to that in the seromucous lobes.

Cortisone Conditioned Mice

In this group of mice the interstitial inflammatory reaction was com-
pletely suppressed through the entire period of observation. Compared
to infected control mice, infected cells in this group exhibited greater
cvtomegaly, often compressing adjacent cells and severely distorting
the acini. The cytoplasm of these cells also contained more vesicles
filled with virus (Flgure 9). However, we could not determine if this
increase in number of vesicles resulted from greater virus production
or delayed rupture at the apical plasma membrane. The assembly of
virus, exodus of virus from the nucleus, and release from infected
cells was the same as that in control mice. However, acini often
contained 2 or 3 infected cells or, less frequently, multinucleated
infected cells.

In the cortisone-conditioned mice there was no necrosis of infected
or uninfected acinar cells. By day 39, when nearlyv all infected cells
had degenerated in control mice, the infected cells were intact and
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showed no evidence of necrosis or focal degenerative changes. We
concluded from these observations that lvmphocytes are essential for
terminating chronic MCMYV infection.

DBA/2 Mice

The DBA/2 strain was selected because it reportedly lacks the fifth
component of complement (C’5),” thus affording us the opportunity
to test whether necrosis of acinar cells required complement.

The sequence of changes in the salivary glands of infected DBA/2
mice was similar to that seen in C:H mice. Inflammatory cells ap-
peared in the interstitium and surrounded acini which contained
infected cells; subsequently, both infected and uninfected acinar cells
degenerated. This suggests, therefore, that C’5 is not essential for
necrosis of acinar cells and termination of MCMYV infection.

Discussion

The results of this study support conclusions based on histologic
observations that termination of chronic MCMYV infection is associated
with periacinar accumulation of lymphocvtes.'®In addition, the electron
microscope revealed that, during termination of chronic infection,
infected and morphologically normal acinar cells undergo simulta-
neous degeneration producing, in effect, a small focus of tissue necrosis.
However, because of the dense inflammation and severe architectural
distortion, these small focal lesions were not clearly evident in routine
histologic sections. Interestingly, degeneration of acinar cells occurred
while lymphocytes were aligned along the peripherv of the basal
lamina outside the acini. Lymphocytes were never seen within acini
or in physical contact with necrotic cells. The basal lamina, which is
considered to be a product of the overlving epithelium, remained
intact and appeared to form an anatomical barrier between infected
cells and lymphocytes.

Because acinar cells degenerated only in the presence of lvmpho-
cvtes, we concluded that these inflammatory cells terminate chronic
MCMYV infection. This is consistent with other studies which suggest
that cell-mediated immunologic mechanisms terminate certain viral
infections. Mice infected with ectromelia virus and injected with anti-
thymocyte serum to depress cellular immunity have a higher mortality
than control mice.** Injections of spleen cells prepared from immune
mice into marasmic mice infected with Coxsackie virus reduce mor-
talitv and extent of pathologic lesions.*® Clinically, observations on
human infants with primary immunologic deficiency diseases suggests
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that cell-mediated immune mechanisms are essential for recovery
from vaccinia virus infection.®

Although mechanisms by which lymphocytes terminate viral infec-
tions are unknown, recent studies have indicated that in vitro lympho-
cytes elaborate several cytotoxic substances following specific or non-
specific mitogenic stimulation.” > Released in tivo, these substances
could diffuse and cause widespread tissue damage. Furthermore, lym-
phocytic choriomeningitis virus which also causes chronic infection in
mice stimulates release in vitro of a cytotoxic factor from spleen cells of
immune mice.® In vitro, this factor has a nonspecific effect, killing
both infected and uninfected target cells.?* Because of these data and
the electron microscopic observations in this study, we suggest that
lymphocytes, in responding to infection, released a cytotoxic sub-
stance which diffused into the acini and caused indiscriminate and
simultaneous necrosis of acinar cells.

The possibility must be considered that uninfected cells either con-
tained virus on their surface or were cryptically infected and were
consequently treated as infected cells by the host. However, there was
no morphologic evidence for these possibilities; uninfected cells ap-
peared ultrastructurally normal, exhibited normal secretory activity
prior to necrosis, did not contain intranuclear or intracytoplasmic
virus and did not have virus visibly adsorbed on the surface. Further-
more, lymphocytes only surrounded acini in which there were infected
cells. If acinar cells can become cryptically infected with MCMYV, then
one might expect that lymphocytes would also be found around acini
in which no overt infected cells were seen. This, however, was not
observed.

These morphologic studies suggest that MCMV infection of acinar
epithelium is not cytolytic, in contrast to in titro infection of mouse
embryo cells *® or macrophages.®* Necrosis of acinar cells was seen
only after inflammatory cells appeared in the periacinar interstitium
and did not occur if cortisone was administered to suppress inflam-
mation. These data are in accord with previously published histo-
logic observations on MCMV chronically infected mice conditioned
with cortisone.’® Persistence of infected epithelial cells in the salivary
glands and possibly in the renal tubules with periodic release of virus
may be one mechanism of chronic intermittent excretion of virus in
the saliva and in the urine.?

We do not know what attracts lymphocytes into the salivary glands
of infected mice. It does not seem to be intact virions since they were
never seen outside the acini. Necrotic cells were not visible until after
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the lvmphocyvtes appeared. Most probably, an antigenic alteration on
the surface of infected cells attracted the lvmphocytes, perhaps in a
manner analogous to that by which lymphocytes are attracted into the
area of an allograft. Although surface changes on MCMV-infected
cells have not been demonstrated as vet, cells infected with a related
virus, herpes simplex, acquire new membrane antigens demonstrable
by several immunologic technics.*** In addition, some interesting
relationships exist between salivary gland tissue and lvmphoid tissue.
The submandibular glands of male mice contain a saline extractable
substance which induces generalized lvmphoid atrophv in mice and
prolongs survival of H-2 incompatible skin allografts.**-* Also, a pro-
tein has been isolated from mouse salivarv glands which induces in
tivo and in citro transformation of thymic small lvmphocytes into cells
of the plasma series.®* What role these substances play, if any, in the
pathogenesis of chronic MCMYV infection is unknown at present.

Results of this study have implications for diseases of suspected viral
etiology which are characterized by focal lesions such as multiple
sclerosis or focal myocardial fibrosis. The morphologic data indi-
cate that focal lesions can develop during the termination of a chronic
viral infection. Consequently, in searching for viruses that cause focal
lesions, one should also look in uninvolved areas of tissue since, in the
necrotic foci, the infection may have alreadv been terminated and the
virus no longer present. Furthermore, these data raise the question
whether the cerebral lesions of congenital CMV infection or other
pathologic lesions associated with this virus result from a Ivmpho-
cvtoxic substance.

Corticosteroids are considered to be contraindicated during CMV
and many other viral infections. However, if pathologic lesions are
caused by immunologic mechanisms, then corticosteroids or other
immunosuppressive agents mav be indicated. For instance, in adult
mice infected with lymphocytic choriomeningitis virus, immunosup-
pression prevents manifestations of the disease.*** In mice chronically
infected with MCMYV cortisone administration clearlv suppresses the
histologic lesions in the submaxillary glands'® although it prolongs
the infection. The beneficial effects of corticosteroid treatment on
neonatal CMV infections have been reported.***! Perhaps, in these
cases, the corticosteroids were suppressing immunologically induced
tissue injury.

From the morphologic data, we conclude that MCMV infection is
not cytolytic in the salivary glands of mice, that Ivmphocytes are
responsible for terminating chronic infection possibly by elaborating a
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cytotoxic substance which diffuses into the acini and that morpholog-
cally normal acinar cells also degenerate during termination of chronic
infection.
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[Ilustrations follow]



Fig 1—An enlarged nucleolus in an infected cell. The nucleolus is partly surrounded by
filamentous structures which form the virus capsid (X 15,900). Fig 2—Virus (arrows)
budding into small vesicle in region of Golgi. Adjacent is a large virus-filled vesicle. Other
viral particles lie free within cytoplasm (X 14,000). Fig 3—Salivary gland from C;H
mouse 21 days after mouse cytomegaovirus infection. Large virus-filled vesicles are present
in apical cytoplasm near acinar lumen (X 9600).



Fig 4—Mouse 23 days after infection. A virus-filled vesicle has ruptured releasing
virus into a canaliculus. Nucleus of infected cell contains virus. Contiguous uninfected
acinar cells are markedly compressed by the enlarged infected cell and the acinus
distorted. Arrows indicate basal lamina (X 6750).

Fig 5—C:H submaxillary gland 34 days after MCMV infection. To the right in the
electron micrograph is part of an acinus surrounded by an intact basal lamina (arrows).
Infected acinar cell is not included in the micrograph. Three lymphocytes are present

to the left in the interstitium. Penetration of lymphocytes through basal lamina was
never observed (x 4000).






Fig 6—Section through acinus from submaxillary gland of C;H mouse 34 days after MCMV
infection. Many of the acinar cells are undergoing necrosis, characterized by an accumula-
tion of dense osmophilic material within large cytoplasmic vesicles. At this advanced stage
of degeneration, it was often difficult to determine which cell had been infected. An intact
basal lamina is present around the periphery (arrows) (X 4800).

Fig 7—Necrosis of adjacent infected and non-infected acinar cells 34 days post infection.
Basal lamina (arrows) is intact. Infected cell is recognized by remnants of virus-filled
vesicles (long arrow) in cytoplasm. Part of a myoepithelial cell is situated between basal
lamina and noninfected cell (X 10,600).

Fig 8—C;H mouse salivary gland 39 days after infection. Arrows indicate intact basal
lamina. In the center is a myoepithelial cell with its cytoplasm extending toward the acinar
lumen. To the left is a degenerating infected cell recognizable by the presence of incomplete
virions. To the right is degeneration of a noninfected acinar cell characterized by accumula-
tion of dense osmophilic material. Inflammatory cells are present along the basal lamina
outside the acinus (X 6000).






Fig 9—Submaxillary gland from cortisone-conditioned C.H mouse 28 days after infec-
tion. Numerous large vesicles containing mature virions fill cytoplasm of an enlarged
cell. There is no evidence of necrosis. Inflammatory cells are not present in the inter-
stitium. Arrows indicate basal lamina of two adjacent acini and small duct (x 10,200).



