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Abstract. Immunological data on the human fetal pan- 
creas (HFP) are mainly confined to its constitutive ex- 
pression of the MHC antigens. However, cytokines, such 
as gamma-interferon (g-IFN), released by lymphocytes 
during immune reactions, can induce or upregulate the 
expression of MHC products in allografts and alter their 
immunological behaviour. We investigated the effects of 
g-IFN on fresh and cultured HFPs aged 9-16 gestational 
weeks (gw). Following g-IFN stimulation of fresh HFPs, 
there was class I hyperexpression by the ductal cells, and 
some of the ductal, endothelial and islet cells also became 
class 11'. Conventional tissue culture (5 % COZ in air at 
37 "C) reduced the number of interstitial class 11' cells 
within the HFP after 1 week but was associated with de 
novo class I expression by some of the ductal cells. Re- 
markably, the changes in major histocompatibility com- 
plex (MHC) antigen expression by the ductal cells oc- 
curred earlier and were markedly enhanced when the 
HFPs were cultured beforehand. The number of intersti- 
tial class 11' cells in fresh and cultured HFPs was not in- 
fluenced by g-IFN. The significance of these observations 
with regard to clinical HFP transplantation is discussed. 
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Major histocompatibility complex (MHC) products play a 
central role in the immune process. CD4' helper T lym- 
phocytes are activated by class I1 +' accessory cells while 
class I antigens are the main targets of CD8' cytotoxic T 
lymphocytes [4]. Our studies and those of other groups 
have shown that class 11+ immunostimulatory cells are 
present in the human fetal pancreas (HFP) starting from 
the 8th gestational week (gw) and that their numbers in- 
crease markedly from the end of the first trimester on- 
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wards [3,5,12,15,18]. It is thus not surprising that the HFP 
can trigger the rejection process. On the other hand, it is 
less clear how immune damage to the graft is mediated. 
The endothelial cells and islets are class I t ,  but class I and 
class I1 antigens cannot be detected on the primitive duc- 
tal cells of the HFP [15]. Successful transplantation of the 
HFP depends on the survival and growth of these ductal 
cells as they are the precursors of the pancreatic endocrine 
cells [6]. Their lack of class1 expression would be ex- 
pected to protect the ductal cells from destruction by 
class I-restricted cytotoxic T lymphocytes and to favour 
their successful engraftment. The evidence suggests, how- 
ever, that following clinical transplantation, the ductal 
cells of the HFP are, in fact, rejected [29]. Intra-graft 
events post-transplantation are likely to be involved in 
determining the fate of the HFR The local release of cyto- 
kines by activated T lymphocytes can significantly alter 
the immunogenic profile of an allograft and have a strong 
influence on its survival [lo, 261. The effects of one of 
these mediators, gamma-interferon (g-IFN), on class I 
and class I1 antigen expression by lymphoid and non-lym- 
phoid cells are well documented [24,25]. In the first part of 
the present study, we analysed the modulation of MHC 
antigen expression by the cells of the fresh HFP by g-IFN. 

Preliminary tissue culture of the HFP under conven- 
tional conditions for varying periods of time has frequent- 
ly been used in clinical transplantation studies as a means 
of reducing its immunogenicity by depleting it of immu- 
nostimulatory cells [ l ,  9,13,32]. Nevertheless, the effects 
of the procedure on the immunological profile of the HFP 
have not been previously analysed. We therefore investi- 
gated this aspect of HFP immunobiology and, in addition, 
whether conventional tissue culture influenced the sub- 
sequent response of the HFP to g-IFN. 

Materials and methods 

HFPs were retrieved immediately after mechanical abortions. Ethi- 
cal permission was granted for this study. Gestational age was esti- 
mated by foot length [19]. 
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incubation with50 Uiml of g-IFNfor 4 days, de novo class I 
and beta 2 microglobulin expression was observed in up to 
75 % of the ducts and the intensity ofthe stainingwas some- 
what stronger. Following exposure of the tissue to 200 u i d  
of g-IFN for 1 day, the changes closely resembled those in- 
ducedby50 u/mlofg-IFNfor4 days. Inbothcases,theduc- 
tal cells remained class 11-. The greatest effects were seen 
after stimulation of the fresh HFPs with 200 dml of g-IFN 
for 4 days. All the ducts were class I+ and, in most of the 
cells, the staining was strikingly more intense than pre- 
viously observed (Fig.2). Some of the ducts also became 
class 11' and the degree of expression was usually weak 
(Fig. 3). The capillary endothelial cells remained class 11-, 
although class IIinduction was seen in the endothelial cells 
of some of the larger vessels of the 16 gw specimens. Occa- 
sional class 11' islets were also seen. 

After 1 weekinconventional tissue culture, there was a 
reduction in the number of interstitial class 11' cells in the 
HFPs (Table 3). This was more marked in first trimester 
HFPs. Extending the culture period to 2 weeks did not de- 
plete these cells further. In the cultured H I T S ,  de novo 
class I antigens could be detected in some of the pre- 
viously class I- ductal cells (Fig. 4). There was no evidence 
of concomitant induction of class I1 antigens in these cells. 

Stimulation of HFPs cultured for 1 week first revealed 
that the sensitivity of the tissue to g-IFN was markedly in- 
creased. Using 200 u/ml of g-IFN, intense expression of 
class I antigens-moremarked thaninfreshHFPs-was de- 
tected after only24 hin dl the ductalcells (Fig.5). Afew of 
these cells expressed class I1 products as well. In cultured 
HFPs stimulated with 200 u/ml of g-IFN for 4 days, up to 
50 % of the ductal cells became class If', as compared to 
less than 5 % in fresh HFps treated similarly. The staining 
for class I1 antigens was generally stronger in the cultured 
HFPs (Fig. 6). The larger vessels were lost during culture, 
and the surviving capillary endothelial cells remained 
class 11-. Some class 11' islets were detected. 

In both fresh and cultured HFPs, no increase in the 
number of class 11' accessory cells was detected after g- 
IFN stimulation (Table 3), although RFD7' class 11- 
macrophages were present in the specimens. 

Table 1. Details of HFPs analysed 
- 
Age Group 1 Group 2 Group 3 
(gestational weeks) (n  =16) (n  =46) (n  =9) 
S 1 3  13 29 6 
14 2 8 3 
15 2 
16 1 7 

- - 
- 

StimLilation offresh HFPs by g-IFN (group 1)  
Sixteen fresh HFPs aged 9-16 gw were studied (Table 1). Each spe- 
cimen was divided into l-mm3 pieces and the fragments were placed 
into two non-treated Petri dishes containing 2.5 ml of RPMI 1640, 
supplemented with L-glutamine (300 mgA), antibiotics (100 u/ml 
benzylpenicillin and 100 pg/ml streptomycin) and 10 % heat-inacti- 
vated male AB human serum. The following protocol was used to 
determine the effective dose of g-IFN and the period of stimulation 
necessary to obtain a significant response in terms of induction and 
upregulation of MHC antigen expression. The contents of one Petri 
dish were stimulated with 50 u/ml of human g-IFN for 1-4 days while 
the other half of the sample was stimulated for the same number of 
days with 200 d m l  of g-IFN. As in all the other experiments carried 
out in this study, purified human g-IFN produced from buffy coats by 
induction with A23187 and mezerein was used (Sigma Chemicals, 
Dorset, UK). The culture medium was changed daily and freshly 
prepared g-IFN solution was then added as well. The explants were 
maintained in an atmosphere of 5 % C02 in humidified air at 37°C 
throughout the course of these experiments. 

Effects of conventional tissue culture on the HFP 

For the second part of the study, 46 HFPs aged 9-16 gw were main- 
tained in conventional tissue culture conditions as described above 
for 1-2 weeks (Table 1). The culture medium was changed daily. 

(grolLP 2) 

StimLilation of 1 -week-criltiired HFPs (group 3) 
Nine HFPs aged 1C-14gw were used (Table 1). These were first 
maintained for 1 week in the conventional culture conditions before 
they were stimulated by g-IFN. Based on the dose-response data 
derived from fresh HFPs, the 1-week-cultured explants were sub- 
sequently exposed to 200 dml of g-IFN for 1-4 days. The culture 
medium was changed every 24 h and fresh g-IFN was added at the 
same time. 

HFP fragments in all three groups were harvested and dried on a 
piece of blotting paper before they were embedded in OCT (BDH 
Chemicals, Poole, UK) and snap-frozen in liquid nitrogen. Viability 
of all the specimens included in the study was first ascertained by 
examining sections stained with haematoxylin and eosin. Histologi- 
cal studies were performed on 5-pm-thick sequential cryostat sec- 
tions singly stained using the two-stage indirect immunoperoxidase 
method [2]. The primary monoclonal antibodies utilised are listed in 
Table 2. Counts of class 11' cells were performed by analysing five 
representative fields per specimen at 100 x magnification and the 
mean values were calculated. 

Results 

Infresh HFPs, theductalcellswereclass I- andclass II-,as 
we have reported previously [15]. g-IFN-inducedclass Iex- 
pression by the ductal cells of fresh HFPs and the response, 
in terms of the number of cIass I + cells and the intensity of 
staining, was dependent on the dose of cytokine used and 
on the duration of the stimulation period. About 50 % of 
the ducts expressed low levels of class1 antigens after 
stimulation with 50 u/ml of g-IFN for 1 day (Fig. 1). After 

Table 2. Details of monoclonal antibodies used 

Monoclonal antibody Specificity Titre 
1. Dakopatts M 736 HLA class I 1320 
2. Serotec MCA 354 HLA class I 125 
3. FMC 16 (Sera-Lab) 
4. Dakopatts M 704 
5. Serotec MCA 477 
6. MC 119 (The Binding 

Site, Birmingham, UK) 
7. PALE (Cambridge 

Bioscience, UK) 
8. Anti-Leu7 (Becton- 

Dickinson) 

Beta 2 microglobulin 1 5 0  
HLA DR, DP, DX 1:20 
HLA DR, DP, DQ 1 5 0  
Invariant chain 150  

Endothelial cells 1:150 

NK cells 1:20 
Neuro-ectodermal tissue 
Islet cells 

9. RFD7 (Royal Free Macrophages 150 
Hospital, UK) 
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Fig. 1. Class I' duct in fresh HFP after stimulation with 50 u/ml of g- 
IFN for 24 h (Dakopatts 736, x 400) 

Fig.2. High levels of class I expression by most of the ductal cells in 
fresh HFPafterstimulationwith200 uiml ofg-IFNfor4 days (Dako- 
patts 736, x 160) 
Fig.3. Class I1 expression by the ductal cells after stimulation of 
kesh HFP with 200 dml of g-IFN for 4 days (Serotec MCA 354, 
x 100) 
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Fig. 4. De novo class I expression by ductal cells in HFP after 1 week 
of conventional tissue culture (Dakopatts M 736, x 100) 

Fig.5. Hyperexpression of class I antigens in cultured HFP after 
stimulation with 200 uiml of g-IFN for only 24 h (Dakopatts M 736. 
x 160) 
Fig.6. Cryptic class I1 antigen expression in cultured HFP after ex- 
posure to 200 u/ml of g-IFN for 4 days (Serotec MCA 354, x 100) 
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some of the large vessels in HFPs aged 16 gw to express 
class I1 antigens are also in agreement with the observa- 
tions of these authors. Class I1 expression by the endothe- 
lial cells can endow them with antigen-presenting function 
[21], and this might also account in part for the immunoge- 
nicity of the HFP following its allotransplantation. The 
role of the class 11' endocrine and ductal cells in the initia- 
tion of the rejection process is not known, but they could 
be the targets of class II-restricted cytotoxic T lympho- 
cytes [28]. 

There is only one previous report on the effects of 
tissue culture on the interstitial class 11' cell populations- 
of the HFP [27]. The specimens were obtained 4-6 h after 
prostaglandin-induced abortions and tissue culture was 
carried out in high levels of oxygen. Unlike HFPs re- 
trieved after mechanical abortions, samples harvested 
after prostaglandin-induced abortions are often non- 
viable [20]. Furthermore, high levels of oxygen are toxic to 
the HFP [ 14, 161, while incubation in 5 % Cot in humidi- 
fied air at 37°C is well tolerated by the tissue, as evidenced 
by its continuing development and differentiation [8,16, 
22,331. However, the immunomodulatory effects of such 
culture conditions are unknown. Our findings that the 
number of class 11' interstitial cells was lower after con- 
ventional tissue culture supports the view that the proce- 
dure might confer some immunological benefit if it is per- 
formed prior to allotransplantation. The mechanisms 
involved in the selective loss of these cells are unknown. It 
is not dependent on the use of bovine serum [U], as we 
used human serum exclusively in all our experiments. The 
reason for the greater depletion of the interstitial class I1 + 

cells in first trimester HFPs is also not clear, but this obser- 
vation is pertinent to HFP allotransplantation, bearing in 
mind their superior growth potential in vitro and in vivo 
[31,33]. 

De novo expression of MHC antigens during tissue cul- 
ture has been reported in other cell types [ll,  171. This 
phenomenon might be related either to the presence of a 
stimulating factor or the absence of an inhibitor in the 
added serum or. alternatively, to the production of media- 
tors by macrophages phagocytosing cellular debris. What- 
ever its cause, the consequences of this alteration in class I 
expression by the HFP are likely to be deleterious to the 
survival of such grafts post-transplantation. 

The potential risks of pretreatment by conventional 
tissue culture were further emphasised by the results of g- 
IFN stimulation of such tissue. The cultured HFPs were 
strikingly more sensitive to the actions of the cytokine. 
Compared to fresh HFPs, stronger expression of class I 
antigens by the ductal cells occurred much earlier and was 
seen in all these cells. In addition, a greater number of the 
ductal cells became class I1 + by day 4 in the cultured HFPs 
stimulated with 200 u/ml of g-IFN. It would appear that 
the HFPs had been conditioned during tissue culture. 

The number of class 11' interstitial cells (accessory 
cells) in many organs is increased following g-IFN stimu- 
lation [24]. We noted no such changes in the fresh and cul- 
tured HFPs that we studied. Similar results have been re- 
ported by others in fresh HFPs and in HFPs cultured for 
4 days only before g-IFN stimulation [ 181. It might be that 
the macrophage population of the HFP consists of estab- 

Table 3. Mean density of class 11' cells 
Age Fresh HFPs Group la Group 2 Group 3b 

(gestational 1 week 2weeks 
weeks) 
8-13 10 10.5 2.5 2.5 2.5 
14 15 15 6.5 ' 5.5 7.0 

- 10 10 - 15 20 
16 30 29 15 13.5 - 
a Fresh HFPs stimulated with 200 u/mI of g-IFN for 4 days 

I-week-cultured HFPs stimulated with 200 u/mIofg-IMfor4 days 

The changes in MHC antigen levels seen after g-IFN 
stimulation, except for the selective induction of class I1 
expression observed in the endothelial cells of the large 
vessels in 16 gw fresh HFPs, were not influenced by the 
gestational age of the sample. The distribution of beta 2 
microglobulin and of the invariant chain matched that of 
their respective MHC molecule. 

Discussion 

The potential value of HFP allotransplantation in the 
treatment of insulin-dependent diabetes mellitus is often 
discussed, but its role remains to be properly defined [l]. 
A major obstacle to the success of the procedure is rejec- 
tion. Although a large number of HFP grafts have been 
performed in humans [l, 131, disappointingly little is 
known about their immunological behaviour. 

In the present study, the post-transplantation milieu 
was mimicked by stimulating the HFP with g-IF". The re- 
sults provide greater insight into the immunogenic 
properties of the fresh HF'F? The hyperexpression of 
class I antigens after exposure to g-IFN by the previously 
class I -  ductal cells emphasises the limitations of immu- 
nological concepts based on the constitutive expression of 
MHC antigens. Following cytokine release during the re- 
jection process, they are likely to become susceptible to 
destruction by class I-restricted cytotoxic T lymphocytes. 
The fact that colonisation of the HFP by class I1 + acces- 
sory cells occurs from very early on during,its develop- 
ment [15] and our present findings regarding the inducible 
nature of class I antigen expression by its parenchymal 
cells do not support claims that the tissue is poorly immu- 
nogenic or is an immunologically protected target [7]. 

In addition to its effects on class I expression, g-IFN af- 
fected the regulation of class I1 antigens in fresh HFPs. 
Some ductal cells became class II', as did the endothelial 
cells of some of the large vessels in the sample aged 16 gw. 
Gestational age has an influence on the expression of 
class I1 antigens by the endothelial cells of fresh, unstimu- 
lated HFPs. Our own data in HFPs aged 8-16 gw have 
shown that class I1 antigens could not be detected in the 
endothelial cells in these age groups [15] and, in their anal- 
ysis of HFPs aged 12-24gw, Motojima et al. [18] found 
that class I1 + endothelial cells were only present in speci- 
mens older than 18 gw. Such cells were initially found in 
small vessels and the endothelia of medium-sized vessels 
only became class 11' by the 24th gw. The capillary endo- 
thelial cells remained class 11- . Our findings that stimula- 
tion of the fresh HFP with g-IFN caused the endothelia of 
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lished cells; unlike young monocytes, “old” tissue macro- 
phages appear to be resistant to the actions of g-IFN [30]. 

In conclusion, our results provide further new evidence 
that the HFP is not immunologically privileged. More im- 
portantly, they highlight the fact that although significant 
accessory cell depletion was observed in HFPs maintained 
in conventional tissue culture conditions, it was incom- 
plete even after 2 weeks. Paradoxically, initiation of the 
rejection process after allotransplantation of cultured 
HFPs might, in fact, lead to the accelerated immune de- 
struction of these grafts in view of their enhanced respon- 
siveness to g-IFN. These potentially harmful effects of im- 
munomodulation by conventional tissue culture have not 
been reported previously. 
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