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Summary. The ability of mumps virus to infect pancreatic 
Beta cells and cause alterations in their H L A  expression was 
evaluated in cultured human fetal islet cell clusters. Mumps 
virus could be isolated during the whole culture period (6- 
8 days) and 60 % of cells, including Beta cells, contained viral 
nucleocapsid protein at the end of the culturing. A minor de- 
crease in insulin secretion was observed in some of the in- 
fected cultures. The infection was invariably associated with 
an increase in the expression of H L A  class I molecules. This 
enhancement was mediated by soluble factors secreted by in- 
fected cells. The infection could not induce the expression of 
H L A - D R  molecules. However, external interferon-gamma 

was able to cause a clear rise in DR-expression which was ob- 
served only on non-Beta-cells. Rubella and coxsackie B4 
viruses were also able to enhance the expression of class I 
molecules while herpes simplex virus type 2 was not. The re- 
sults suggest that certain viruses are able to infect Beta cells 
and cause alterations in their immunological appearance. In- 
creased H L A  class I expression in infected islets may exag- 
gerate the autoimmune process in pre-diabetic individuals by 
increasing the activity of autoreactive cytotoxic T cells. 
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Some viruses have been  suspected of  being involved in the 
T-cell-mediated destruct ion of  pancreat ic  Beta  cells dur- 
ing the prediabet ic  stage of  Type 1 ( insul in-dependent)  
diabetes [1, 2]. Different  mechanisms of  act ion have been  
implicated such as direct lysis of  cells by  target-cell  specific 
cytolytic virus strains [3] or  induct ion of  immunologica l  
destruct ion as a result of  molecular  mimicry [4] or  al tered 
immunological  appearance  of  Beta  cells [5]. One  possi- 
bility is that  virus infection induces enhanced  expression 
of  H L A  molecules  on Beta  cells thus p romot ing  the pre-  
sentat ion of  Beta-cell  autoant igens  to the immune  system 
[6]. Previously, m u m p s  and coxsackie B viruses, bo th  
being suspected of  playing a role in the pathogenesis  of  
Type 1 diabetes,  have  been  shown to infect Beta  cells in 
vitro [7, 8] but  very little is known  about  their ability to 
cause aberrant  H L A  expression on these cells. In  the pre-  
sent investigation h u m a n  fetal islet cell cultures were  used 
to study the ability of  mumps,  coxsackie B4 virus (CB4),  
rubella and herpes simplex virus type 2 (HSV-2) viruses to 
infect islet cells and their effects on the insulin secret ion 
and the H L A  expression of  Beta  cells. 

Materials and methods 

Cell cultures 

For islet cell cultures human fetal pancreases were taken after legally 
approved abortions performed for social indications by prostaglan- 

din induction. The gestational age of the fetuses was 12 to 17 weeks. 
The use of pancreatic tissue was approved by the local ethical com- 
mittee according to the instructions of the Finnish Medical Council. 
Islet cell cultures were prepared by collagenase digestion from 
mechanically disrupted pancreas tissues as previously described [9, 
10]. Endocrine cells were allowed to form free-floating islet cell clus- 
ters on a polycarbonate net in plastic tissue culture inserts (Costar 
Transwell Cell Culture Inserts, Costar Europe Ltd., Badhoevedorp, 
The Netherlands) during 24 h incubation at + 37 ~ in RPMI 1640 
(Gibco, New York, NY, USA) supplemented with 10 % inactivated 
fetal calf serum (FCS, Gibco), somatotropin i gg/ml, glutamine and 
antibiotics. After 2 days of culture, FCS was replaced by inactivated 
human AB-serum in the medium. 

Human embryonic lung fibroblast cultures were prepared from 
fetal lung cells by treating tissue with 0.2 % trypsin solution. Fibro- 
blast cultures were grown in hepes-DMEM (Dulbecco's Modifica- 
tion of Eagle's Medium, Gibco) with 10 % FCS, glutamine and anti- 
biotics. All cell cultures were grown in humidified 95 % air/5 % CO2 
at + 37 ~ (standard cell culture conditions). 

Virusinfec~ons 

Human islet cell cultures were infected on day 3 with mumps virus 
(Enders-strain). Virus stock was grown in Vcro cells and virus inocu- 
lum contained 0.3 ml of this stock supplemented by 2.7 ml of culture 
medium containing 2 % FCS. The islet cells were infected as free- 
floating clusters on the cell inserts using 1 h absorption at + 37 ~ 
After incubation the medium was discarded and replaced with 
RPMI 1640 supplemented with 2% human serum, glutamine and 
antibiotics. Infected islets were cultured for 6 days with daily 
changes of culture medium. Mock-infected cultures were handled 
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analogously. In some experiments the cultures were infected with 
CB4 (WHO-strain), rubella (Therien-strain) or HSV-2 (strain G) 
viruses using the same protocol. For some experiments mumps virus 
inoculum was inactivated by heating for 1 h in + 56 ~ water bath. 

Virus replication in islet cells was evaluated by titrating the daily 
collected culture mediums in Vero-cells (ATCC CRL 1586) for the 
presence of infective virus. Vero-cells were grown in 24 tissue culture 
clusters (Costar) as confluent monolayer in Eagle's Modified Me- 
dium (Gibco) supplemented with 2 % newborn bovine serum (Flow 
Laboratories, Irvine, Scotland, UK), glutamine, non-essential 
amino acids, glucose and antibiotics. Cultures were infected with 
islet cell supernatants as above, grown for 5 or 6 days and viewed 
daily for cytopathic effect (CPE). 

Flow-cytometric analysis of HLA expression 

The intensity of HLA molecules was studied by immunofluores- 
cence methods from unfixed cells. Islet cell clusters were first 
washed 3 times with phosphate buffered saline (PBS) and disrupted 
by 0.2% trypsin solution using 15 rain incubation in + 37~ water 
bath. After incubation the one cell suspension was pelleted by cen- 
trifugating for 10 min in 1200 g using Heraeus Labofuge GL (Her- 
aeus Separationstechnik, Osterode, FRG) and washed twice with 
PBS. HLA class I molecules were stained by an anti-HLA-A,B,C 
antibody M736 (Dako Immunoglobulins, Copenhagen, Denmark) 
in appropriate dilutions in PBS supplemented with 2% FCS and 
0.02% NAN3. Fluorescein isothiocyanate-(FITC) labelled anti- 
mouse IgG (Dako) was used as the secondary antibody. HLA 
class II molecules were stained using a monoclonal phycoerythrin 
(PE) conjugated anti-HLA-DR antibody (Becton Dickinson 
No.7367, Mountain View, Calif., USA). The expression of class I 
antigens was quantitated according to the intensity of green fluores- 
cence (the mean fluorescence channel number) and class II mole- 
cules according to the red fluorescence in fiow-cytometry (FAC- 
Scan, Becton Dickinson). Propidium iodide (Sigma, St. Louis, Mo., 
USA) was added to the cell suspension (25 gg/106 cells) to exclude 
dead cells on the basis of red fluorescence. In some experiments the 
number of T lymphocytes in islet cell suspension was evaluated 
using FITC-conjugated antibodies to CD3 (Leu 4, Becton Dickin- 
son) and the number of monocytes using antibodies to CD14 (Mo2, 
Coulter Corporation, Hialeah, F1., USA) and FITC-conjugated anti- 
mouse immunoglobulins (Dako). Fibroblasts were detached with 
0.2 % trypsin solution and stained according to the same formula. 

Immunohistochemistry 

Islet cell clusters were disrupted into one cell suspension as above 
and fixed with 2% paraformaldehyde-PBS solution at + 4~ for 
3 min on microscope slides. Cells containing both insulin and 
mumps virus nucleocapsid protein were visualized by double immu- 
nofiuorescence staining using simultaneous incubation of guinea-pig 
anti-insulin antibodies (Dako) in 1 : 100 dilution and a mouse mono- 
clonal antibody specific for mumps virus nucleocapsid protein in 
1:200 dilution in PBS containing 1% bovine serum albumin (BSA) 
and 0.3 % Triton X-100. This monoclonal nucleocapsid specific anti- 
body (C1.5.495), kindly provided by Dr. C. Orvell (Statens Bacterio- 
logiska Laboratorium, Stockholm, Sweden), has been raised against 
egg-grown mumps virus and shown to be specific for the nucleocap- 
sid protein [11]. Rhodamine conjugated goat anti-guinea-pig anti- 
bodies (Cappel, Organon Teknika Corp., Treyburn, NC, USA) as 
well as biotin-labelled anti-mouse antibodies (Amersham, Sydney, 
Australia) and FITC-conjugated avidin (Vector Laboratories, Bur- 
lingame, Calif., USA) were used as the second layer, respectively. 
The amount of positive cells was calculated by counting at least 
2 times 400 cells using Leitz Aristoplan microscope with appropriate 
filters to fluorescein and rhodamine. HSV-2 virus was detected from 
infected islet cells by FITC-conjugated monoclonal antibodies 
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against HSV-2 virus (Syva Company, Palo Alto, Calif., USA). HLA 
class II molecules were stained on microscope slides as for flow-cy- 
tometry using anti-HLA-DR alpha chain antibodies specific for epi- 
topes resistant to the paraformaldehyde fixation (M746, Dako). 

Other methods 

The effects of interferon (IFN)-gamma and tumour necrosis factor 
(TNF) on HLA expression were studied by adding recombinant 
human IFN-gamma (Genentech, San Francisco, Calif., USA) alone 
or in combination with human TNF-alpha (Genzyme, Boston, 
Mass., USA), both in concentrations of 1000 U/ml, to the culture 
mediums on day 3. The possible interactions of lymphokines and 
mumps virus on HLA expression was analysed by adding 1000 U/ml 
of IFN-gamma to the culture supernatants after virus absorption. 

To evaluate the role of soluble factors in HLA induction part of 
supernatants from mumps virus or mock-infected islet cell cultures 
were collected at day 4~5 and depleted from infective virus using 2-h, 
ultraviolet-irradiation at room temperature. Fibroblast culture me- 
diums were replaced by inactivated islet cell superuatants and after 
1 h incubation at + 37 ~ standard 2 % FCS-DMEM medium was 
added to these supernatants (1 : 3). The density of HLA antigens was 
evaluated after 5 or 6 days culturing in flow-cytometry. Inactivation 
of the virus was confirmed by the lack of CPE in fibroblast cultures 
after 7 or 8 days culture period. 

The concentration of immunoreactive insulin was analysed by a 
commercial radioimmunoassay kit (Human insulin RIA kit, Novo 
Biolabs, Baegsvaerd, Denmark) from the culture medium serially 
collected from virus and mock-infected islet cell cultures and stored 
at - 70 ~ until tested. 

Statistical analysis 

Student's t-test was used when statistical significances between in- 
fected and non-infected cultures were evaluated. 

Results 

M u m p s  virus infec t ion  caused  no visible C P E  in panc re -  
at ic is let  cell c lus ters  (Fig. 1 A )  and  in f tow-cy tomet ry  the  
cel l-size and g ranu la r i ty  p a r a m e t e r s  were  qui te  s imi lar  in 
in fec ted  and  moc k - in f e c t e d  cultures.  The  ave rage  of  5 % 
of  cells con t a ined  i m m u n o r e a c t i v e  insulin and  s imilar  p ro-  
por t ions  of  cells were  also pos i t ive  for  g lucagon  and  soma-  
tos ta t in .  A n t i - C D 3  and  -CD14 an t ibod ies  showed  no 
b ind ing  to is let  cells in f l ow-cy tomet ry  suggest ing tha t  
T lymphocy te s  or  m o n o c y t e s  were  not  con t amina t i ng  
these  cul tures.  

M u m p s  vi rus  s e e m e d  to be  able  to  rep l ica te  in is let  cells 
as infect ive  virus  could  be  i so la ted  f rom cul ture  superna -  
tants  t h r o u g h o u t  the  6 -8  days '  infec t ion  p e r i o d  (six 
exper iments ) .  A t  the  end  of  the  cul tur ing m u m p s  virus  
nuc leocaps id  p r o t e i n  was found  by  indi rec t  i m m u n o f l u o -  
rescence  in a b o u t  60 % of  islet  cells and  in doub le - f luo res -  
cence s ta ining in a c o m p a r a b l e  p r o p o r t i o n  of  insul in  cells 
(Fig. 1B, C). In fec t ion  had  no effect  on  the  to ta l  n u m b e r  of  
insul in-pos i t ive  cells dur ing  the cul ture  pe r iod .  

Insul in  concen t r a t i on  was ana lysed  f rom the cu l tu re  
supe rna t an t s  co l lec ted  ser ia l ly  f rom a to ta l  of  six m u m p s  
virus in fec ted  islet  cell cul tures  and  f rom six un in fec ted  
con t ro l  cu l tures  (Fig.  2). In  two of  these  e x p e r i m e n t s  in- 
sulin concen t r a t i on  r ap id ly  dec rea sed  af ter  infec t ion  and  
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Fig. 1. A shows free-floating islet cell clusters 
3 days after isolation from the fetal pancreas. 
B and C present double immunofluorescence 
stainings of single cell suspension from islet cell 
clusters 6 days after infection by mumps virus. 
The cells containing both immunoreactive insulin 
(B, rhodamine fluorescence) and mumps virus nu- 
cleocapsid proteins (C, fluorescein isothiocyanate- 
fluorescence), are indicated by large arrows. Cells 
positive for only insulin or only nucleocapsid pro- 
tein are indicated by small arrows 
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Fig.2 A- I t .  Concentration of passively secreted 
insulin in culture mediums of mumps virus- 
infected and mock-infected islets in six different 
infection experiments (A-F).  G shows insulin 
concentration in coxsackie B4 virus-infected and 
H in rubella virus-infected cultures. Each figure 
represents results from one experiment where 
virus-infected and non-infected cells were origi- 
nating from the same pancreas. Culture superna- 
tants were collected serially at different intervals 
after the infection. The x-axis represents days 
after the infection and y-axis the level of insulin 
concentration compared to the initial concentra- 
tion at the beginning of the infection (%). Insulin 
concentration in mock-infected cultures is repre- 
sented by open circles (o--o) and that in virus-in- 
fected cultures by filled circles (= =) 

Days after infection 

remained lower than in control culture during the whole 
culture period (Fig. 2A, B). This defect was most evident 
when insulin was allowed to concentrate into the medium 
for a few days. In four other experiments mumps infection 
had no clear effect on insulin secretion (Fig. 2 C-F) and no 
statistically significant difference was observed between 
mumps virus-infected and non-infected cultures. Insulin 
concentration was analysed also from one CB4 infected 
(Fig.2G) and one rubella virus-infected cultures 
(Fig. 2 H). In CB4-infected culture insulin concentration 
rapidly decreased after the infection while rubella virus 
infection had no effect on insulin concentration. 

The effect of mumps virus on H L A  expression was anal- 
ysed in seven different islet cell cultures. In all these ex- 
periments mumps virus infection increased the expression 
of H L A  class I molecules on islet cells. In mumps virus-in- 
fected cultures the average mean channel number  repre- 
senting the intensity of H L A  class I staining in flow-cyto- 
metry was 722 (range 602-834) as compared with 548 
(range 419-680) in uninfected control cultures (p < 0.001). 
A typical flow-cytometric histogram showing mumps 
virus-induced enhancement in class I expression is shown 

in Figure 3. Supernatants which were collected from in- 
fected islets and depleted from infective virus by ultravi- 
olet irradiation (two experiments) were able to induce 
comparable class I expression in fibroblast cultures. The 
average increase in mean channel number was from 576 
(medium from mock-infected islets) to 642 (medium from 
mumps virus-infected islets). Inactivated virus as such was 
not able to increase class I expression. 

Without any outside given lymphokines only occa- 
sional islet cells expressed H L A - D R  antigens and the ex- 
pression did not change during mumps virus infection. 
However, IFN-gamma was a potent inducer of D R  anti- 
gens in islet cells. The average IFN-gamma induced in- 
crease in mean channel number in flow-cytometry (four 
experiments) was from 416 (range 336-480) to 618 (range 
615-622). Figure 4 shows the increase in the number of 
DR-positive cells from 2 % to 44 % in one typical experi- 
ment. In microscopic analyses none of the insulin cells 
were D R positive. When IFN-gamma was added to 
mumps virus-infected cultures a comparable increase in 
D R expression was found. However, in one of the four ex- 
periments mumps infection seemed to potentiate the ef- 
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fect of IFN-gamma (Fig. 4). TNF had no effect on DR-ex- 
pression. 

Rubella (two experiments) and CB4 viruses (four ex- 
periments) also induced a clear rise in the expression of 
class I molecules on islet cells (Fig. 3). In contrast, HSV-2 
virus (two experiments) had no effect on the density of 
H L A  molecules although the cells expressed viral pro- 
teins in immunofluorescence staining and infective virus 
could be isolated from culture supernatants throughout 
the culture period. None of these viruses caused any en- 
hancement in DR expression. 

Discussion 
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Hyperexpression of H L A  class I molecules is one of the 
first signs of islet-cell pathology in Type 1 diabetes fol- 
lowed by aberrant expression of class II molecules on in- 
sulin-containing cells [12-14]. It has been suggested that 
these phenomena are among the primary pathogenetic 
events leading either to direct nonimmune impairment of 
Beta-cell function [14-17] or enhanced lymphocytotoxic 
immune response to Beta-cell autoantigens [18]. In the 
present study the possible role of viruses in aberrant H L A  
expression was analysed in virus-infected human fetal 
islet cell clusters which are formed by clustering of endo- 
crine cells from collagenase-digested fetal pancreas tissue 
in standard cell culture conditions. It has been shown pre- 
viously that 5-10 % of these cells contain insulin being 
able to respond to physiological stimuli by insulin secre- 
tion [9, 19, 20]. Majority of the cells seem to be premature 
endocrine cells which are able to differentiate to e. g. Beta 
cells when transplanted to a living host [20]. 

In mumps virus-infected islets viral nucleocapsid 
antigen was found in 60 9/0 of cells, including Beta cells, 
and the virus could be isolated from the culture superna- 
tants throughout the infection (6-8 days). These findings 
are in accordance with a previous study suggesting that 
mumps virus is able to replicate in Beta cells in vitro [7]. In 
spite of this, the infection seemed to have only a minor ef- 
fect on insulin secretion. 

The expression of H L A  class I antigens clearly in- 
creased in mumps virus-infected islets whereas the ex- 
pression of DR molecules was not enhanced. Inactivated 
virus was unable to cause class I induction suggesting that 
the presence of infective virus is necessary. Our results are 
in accordance with previous studies where infective reovi- 
rus was found to enhance the expression of class I mole- 
cules in Beta cells while inactivated virus was ineffective 
[18, 21]. In the present study also rubella and CB4 viruses 
enhanced the expression of class I but not class II mole- 
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Fig.3 A-E. Flow-cytometric analysis of the density of HLA class I 
molecules on mock-infected and virus-infected islet cell prepara- 
tions: mock (A), mumps (B), coxsackie B4 (CB4) (C), rubella (D) 
and herpes simplex virus 2 (HSV-2) (E) viruses. Fluorescence in- 
tensity on x-axis (channel number) represents the amount of bound 
anti-HLA class I antibody (green fluorescence, Fll) and y-axis the 
number of cells per each channel. The mean fluorescence channel 
number is presented in each figure 
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Fig.4A-C. Flow-cytometric analysis of the density 4 of HLA 
class II molecules on islet cells in untreated (A), and in cultures 
treated by interferon (IFN)-gamma alone (B) or by IFN-gamma 
together with mumps virus (C). x-axis represents the intensity of red 
fluorescence (mean channel number) reflecting the amount of 
bound anti-HLA class II antibody (red fluorescence, F12) and y-axis 
the number of cells per each channel. The percentage of DR positive 
ceils is also presented in each figure 

dium from mumps virus-infected islet cell cultures caused 
an increase in class I expression in fibroblasts comparable 
to that of the virus itself. 

IFN-beta may play a major role as neutralizing anti- 
bodies to IFN-beta are able to block class I induction in 
mumps virus-infected fibroblasts [22]. This is in accor- 
dance with reports by King et al. [23] and Grundy et al. 
[24] who found that IFN-beta is an important mediator in 
enhanced class I expression induced by cytomegalo- and 
flaviviruses. IFN-alpha can also be induced during virus 
infections and it has been shown to be present in Beta cells 
hyperexpressing class I at the onset of diabetes [25]. 

Virus-induced class I expression may have general im- 
portance in the eradication of infection as it increases the 
activity of cytotoxic T cells [26]. However  when occurring 
in islet cells this phenomenon may also increase the activ- 
ity of autoreactive [~-cell specific T lymphocytes. Interest- 
ingly, some viruses such as HSV and adenoviruses have no 
influence or may even decrease the expression of class I 
molecules on the cell surface [27-29] which also seemed to 
be the case in HSV-2 infected islet cells. 

Beta cells are normally negative for class II antigens 
and they could not be induced to express DR molecules by 
mumps or any other viruses in fetal islet cell clusters. 

This was not due to an inability of fetal cells to express 
DR molecules as indicated by IFN-gamma induction ex- 
periments. Our results are in accordance with previous 
studies suggesting that class II molecules can be induced 
on human islet cells by IFN-gamma [30-32]. However, 
Beta cells seem to remain class II negative which was also 
the case in the present study. This is in contrast to the situ- 
ation in Type i diabetes where particularly insulin-con- 
taining cells express class II molecules [12, 33]. The signif- 
icance of this discrepancy is not known but it suggests that 
other factors than IFN-gamma alone are important in 
aberrant D R  expression during the diabetic process. 

Results from our in vitro model suggest that viral infec- 
tions may have profound effects on the immunological in- 
tegrity of pancreatic Beta cells. They give support to the 
theory that viral infections may trigger the onset of Type 1 
diabetes by directly disturbing the function of the cells 
and/or by stimulating autoaggressive immune response. 
Former mechanism may explain the observations of 
mumps virus-infections shortly before the onset of the dis- 
ease [34] while the latter may explain the delayed tempo- 
ral relationship observed in some other studies [35-38]. 

cules in islet cells. In flow-cytometry virus induced class I 
expression occurred in the whole islet cell population sug- 
gesting that this phenomenon appeared also in Beta cells. 

The mechanism whereby virus infection induces the 
expression of H L A  class I molecules is not known. Islet 
cell cultures were not contaminated by detectable 
amounts of T lymphocytes or monocytes indicating that 
the mechanism has to be independent from the function of 
these immunologically active cells. In theory, a direct ef- 
fect of the virus on the regulation of H L A  genes or in- 
direct mechanisms mediated by factors synthesized by 
infected cells may be involved. This possibility was sup- 
ported by the observation that ultraviolet-treated me- 
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