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Mechanisms of Pancreatic Islet Cell Destruction
Dose-Dependent Cytotoxic Effect of Soluble Blood Mononuclear Cell Mediators
on Isolated Islets of Langerbans
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Supernatants ol peripheral blood mononuelear eells from healthy hutnan donois
stimulated with rceall antigen (purified protein derivative ol' tuberculin) or leetin
(phytohaemagglutinin) markedly inhibited the insulin release from isolated human and
rat islets of Langerhans, and decreased rat islet contents of insulin and glueagon in a
dose-dependent tnanner. A maxitnal effect on islet function was obtained with
supernatant concentrations down to 5%. Supernatants of mononuclear cells stimulated
with tuberculin were more potent than supernatants produced by lectin stimulation.
Culture medium reconstituted with tuberculin or phytohaetnagglutinin did not impair
islet function. Electron microscopy demonstrated that supernatants were cytotoxic to islel
cells. The cytotoxie mononuclear cell mediator(s) was non-dialysable, sensitive to heating
to 56°C, labile even when stored al -70°C, but stable when lyophilised.

Key words: autoimmunity; cell-mediated immunity; cytotoxicity; cylokines; lymphokines;
pancreatic islets; Type 1 (in.sulin-dependent) diabetes mellitus.

Accepted for publication 30 December 1985

CLINICAL ASPECTS
Activated mononuclear cells can produce antigen-non-spccifie cytotoxie cytokine(s).
It is suggested that beta-cell destruction in Type t diabetes mellitus, the hallmark of
which is mononuclear cell infiltration of the islets of Langerhans, may be caused by
such cytokine(s).

There is abundant circumstantial evidence to
suggest that Type 1 (insulin-dependent) diabe-
tes mellitus is caused by an autoimmune attack
on pancreatic beta-cells (19), The molecular
mechanism underlying the autoimmune de-
struction of the beta-cells leading to Type 1
diabetes in man is not clear, A pathogenetic
importance of circulating autoantibodies react-
ing with islet cell antigens has been suggested,
although direct evidence is laeking (13, 19),
Indeed, presence or absence of islet cell
cytoplasmic antibodies was unrelated to the

higher than expected remission rate in cyclo-
sporin-immunosuppressed newly diagnosed
Type 1 diabetics (15), Experience with segmen-
tal pancreatic transplantation between discor-
dant monozygotic twin pairs showed that beta-
cells in the pancreatic grafts from the healthy
twin donors were selectively destroyed by the
diabetic recipients within 8 weeks of transplan-
tation. Pancreatic biopsies demonstrated promi-
nent mononuclear cell inftltration of primarily
T-cells in the islets (insulitis), no IgG deposits
in the islets, no HLA-DR expression on islet
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Fig. t. Effects of 7 days of cullure with varying con-
centrations of supernatants of unstiniulated MNC ( 0 ) or
MNC stimulated with PPD (O) on rat islet function. Each
point is the mean of duplicate experiments with four
separate islet preparations and supernatants from MNC
isolated from one donor.

Effect on accumulated glucose-induced insulin release to
the culture medium (top panel), on islet content of insulin
(middle panel) and glueagon (lower panel).

cells, and no vasculitis as a sign of graft
rejection. Appearance of circulating islet auto-
antibodies was not observed after transplanta-
tion (24), Recent onset Type 1 diabetics show
delayed (type IV) hypersensitivity to islet anti-
gen preparations (IB), and T-cells from such
patients inhibit insulin release from or are
cytotoxic to xenogeneic islet cells in vitro (3, 5).

Antigen-non-specific soluble peptides (eyto-
kines) produced by activated macrophages
(monokines) and lymphoeytes (lymphokines)
are essential mediators in the cell-to-cell inteiac-
tion in the immune tietwork and in the cell-
mediated immune response (1, 23), Many of
these factors are hormone-like in action, i,e.

they are secreted in minute quantities and exert
their effects by binding to specific surface
receptors on various target cells. Cytokines
have multiple functions in the interplay
between monocytes and T- and B-lymphocytes,
but only a few have been defined at the
molecular level. The cytokines have therefore
been elassified primarily according to their
biological activity, e,g, as T- and B-lymphocyte
growth and differentiation factors, chemotactic
factors, migration inhibitory factors, etc, (Table
1). It was not known whether cytokines secreted
by mononuclear cells in the autoimmune infil-
trate contribute to target cell destruction.

We have previously reported that crude
cytokine preparations from normal human
donors decreased the insulin release from iso-
lated human and rat islets of Langerhans, and
the content of insulin and glueagon in isolated
rat islets (16). Light microscopy revealed that
these effects wet e due to a cytotoxic effect of the
cytokine preparations. The purpose of the
present work was to study this in further detail
to define the dose-response relationship of the
effects, and to investigate some physico-chemi-
cal properties of the active component(s) in the
cytokine preparations.

Some important medialors of immunity (ey(okine.s)

1) Monokines (products of activated tnonocytes and
macrophages)

Interleukin 1 (IL-1, lymphocyte-activating factor,
B-cell activating factor,
monocyte pyrogen)

Colony-stimulating activity (CSA)
Proteinase (plasminogen activator, elastase, collegenase)

Complement components

2) Lymphokines (products of activated T-cells)

Macrophage activating factor (MAP)
Macrophage chemotactic factor
Leucocyte chemotactic factor
Leucocyte migration inhibitory factor (LIF)
Interleukin 2 (IL-2, T-cell growth factor)
B-cell growth factor (BCGF)
B-cell differenliation factor (BCDF)
Ijymphotoxins
Interferons
Osteoclastic factor
Interleukin 3 (haemolopoetic cell growth factor)

r?'
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MATERIAL AND METHODS

Production of supernatants of

blood mononuclear cells

Cell-free supernatants of unstimulated as well
as stimulated peripheral blood mononuclear
cells (MNC) from healthy blood donors were
prepared as described (16), MNC were separa-
ted from dextran-sedimented venous blood by
Ficoll gradient centriftigation. Control superna-
tants were obtained from 22-h cultures of 2.5 x
10" MNC/ml culture medium TC 199 (Gibco,
Paisley, Scotland) supplemented with 25
mmol/1 hepes (pH 7.4), 500,000 IU/1 penicillin,
500 mg/1 streptomycin and 1 % heat-Inactivated
human serum pool. Active supernatants
were obtained from parallel cultures challenged
by a) 50 mg/1 purified protein derivative of
tuberculin (PPD, State Serum Institute, Copen-
hagen, Denmark), or b) pulse-treatment for 1 h
with 5 mg/1 phytohaemagglutinin (PHA,
PHA-P, Difco, Michigan, USA),

The supernatants were decanted after cen-
trifugation at 400^^ for 10 min and either tested
immediate or dialysed against NH^HCO-j-buli-
er adjusted to pH 7.2 with acetic acid and
lyophilised. The lyophilised material was stored
at -20° C and dissolved in the original volume
of serum-free medium RPMI 1640 (Flow Labo-
ratories, Irvine, Scotland) supplemented with
20 mmol/1 hcpes (pH 7.4), 100,000 IU/1 peni-

100-

•oo
E

20

0 0.1 0.5 1 5 10 50

Concentration (%)

Fig. 2. Effects of supernalants of MNC stitnulalcd with PPD
(O) (n = 4) or PHA ( • ) (n = 3) on accumulated glucose-
stimulated insulin release to the culture medium after 7 days
of culture. The results are expressed as percent ofthe effect
ol medium.

cillin, 100 mg/I streptomycin and 11,0 mmol/1
glucose. For some experiments the lyophilised
material was dissolved in isotonie NaCl at a
concentration ,30 times the original supernatant

Table 2

Effects of cytokine.s on ral islet function: variation in the reduction in insulin release, insulin content and glueagon content in
six different ral islet preparations

Per eeiit
reduction in

Combined re.sulis
(" - 6)

Mean + SEM

Insulin release 64- 73 71') 86 86 89 79 + 4
(ng/lt) islets/week) (384/lt)8()) (407/1508) (334/1377) (309/21.'")!) (181/1292) (214/1962) (305-t 39/1 r)6l±I78)''

Insulin content 4 55 48 74 64 65 52±IO
(ng/islet) (5.0/5.2) (3.8/8..5) (5.0/9.7) (3.2/12.2) (3.2/8.8) (2.8/7.9) (3.8±0..5/8.7±l .0>'

Clucagon content 85 94 93 95 100 87 92±2
(ng/islet) (0.0.5/0.3:!) (<O.O5/O.I6) (<0.05/0.46) (<0.05/0.43) (< 0.t)5/0.27) (<0.05/0.23) (< 0.0,5/0.32±0.0.')) '̂

In parentheses are first given the absolute values for islets incubated with eytokines followed by the absolute values lor islets
incubated without rytokines.
» Values in islets incubated wilh cytokines versus values in islels incubated without cytokines: /' < 0.05.
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concentration. These preparations were then tion. LIF activity was determined by an indi-

stored at -70° C and thawed only once belore rect, two-step, anti-LIF-antibody-controlled

use, migration inhibition assay (2). All active, but

Culture medium TC 199 with hepes, peni- no control supernatants had significant LIF

cillin, streptomycin and 1 % human serum was activity (2), All supernatants were selected

dialysed and lyophilized as MNC supernatants randomly from a panel of LIF-tested materials,

and tested with or without PPD or PHA (fmal

concentrations 25 mg/1 and 0.25 mg/1, respec- , , . , •
, ^ ^ , ,. , , , ' , , Islel isolation and culture

tively). Only media with a low endotoxin

content were used for the production of the Islets frotn collagenase-treated pancreata from

MNC supernatants (22), male Wistar rats weighing 90-120 g (Melle-

gaard, Lille Skensved, Denmark), or human

cadaverie kidney donors, were isolated and
Assay for activity of leucocyte , , , - i i j - i i • , ,

-' •[ - •' -' precultured as described in detail elsewhere (4,
migration irthibitory factor (LIF) ... r)^,
LIF is elaborated in the G,-phase of the cell After 7 days of preculture the islets were

cycle of aetivated lymphocytes (23), and the washed otice in tnedium RPMI 1640 with

presence of LIF in the supcrnatant,s was taken penicillin, stirptomycin, hepes, 11 iumol/1

as an indieation of successful eytokine produc- glucose, and 0.5 % human sertim. Islets from

Table 3

'VatiatioLi in the ef'l'ecls of cy tok ines on the ll tneltoii of islets lrt)ni live h t tma t i pa tu t e a t a

Donor ago

Donor HI.

Warm and

lime (min)

Percent
icduclion i

and sex

cold iscli

11

acnna

Cyto-
kine

batch

1

13

Cf

A2 24 B5

23,60

38 '

,7

2

39

9

AI 24 B7

Cw3,?;DR

Paner

15- A2

2,6 C

3

44
9

2-1 • B : i ' ) •!

: ';DRw8,

19,161

C

u

4

16
9

2:BI7 4tl-

?;DR6,7

tiknown

A 1
C

5

1 1

9

29 B8

:';DR3

35,80

44-

,7

Cotl l l

Me

bitied tc-sults

•an±SEM

Insulin release 1 52 56 63 N T N T
(289/604) (104/234) (173/465) 48±«

(ng/10 islets/wcck) 2 58 24 49 76 4 (169±30/337±66)^'
(233/554) (249/326) (138/270) (26/103) (137/143)

Insulin eontetil I -5 (I t« N T N T

(6.2/5.9) (3.7/3.7) (5.4/6.6) - 7+17

(ng/islet) 2 -53 28 30 27 -100 (4.5±0.9/4.6±().9) ' '
(8.4/5.5) (4.1/5.7) (5.2/7.4) ( < 0 . 8 / 1 . 1 ) (1.8/0.9)

Glueagon contcnl I 24 22 -23 N T N T

(1.6/2.1) (4.9/6.3) (5.4/4.4) 7±15

(ng/islei) 2 0 15 39 53 -78 (3.3±0.7/3.9±0.9)'
(2.3/2.3) (5.8/6.8) (4.3/7.0) (0.7/1..5) (1.6/0.9)

Resulls are expressed as in Table 2.
•' P < 0.01; I' NS; • NS.
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individtial isolates were pooled, mixed, and
distribtited randomly with 10 islets/ml tttlture
medium RPMI 1()4() in |)lastic Petri tlislics
(Falcon, Oxnard, USA). 'I'he islets were incu-
bated Iree-lloating in 90% humid atmt)sphere
at 37° C for 7 days in ihe absence or presence ol
MNC supernatants, |)rodttced either with or
without stittnilation with PPD or PHA. 'fhe
final contentration ol human serum in all dishes
was 0,5 %.

Samples tif the nieditttn were taken alter 1, 2,
5, 6, and 7 days of culture and analysed for
insulin by RIA (8) as standards using ral
instilin in experiments with rat islets (NOVO
Research Laboratory, Bagsvaerd, Denmark),
or porcine insulin in experiments with luiman
islels (Nortlisk (;cnlofte, Denmark). Alter 7
days of (iilttire the isk:ts were coUeeted, washed
once in dislilled water, and sonicatt'd lor
determination of insulin (li) and glueagon
(NC)VO RIA kit). Some islets we-re fixed in
gliitaraldeliyde lor eleclron inicro.sco|)y (14).
Clylokine-ric h stipcrnatants did not degrade
iiisnhn (I ()).

Statislicdl analysis

All experiments were set ti]) in dujilicatc and
die average was included in the calciilatieiii as
one observation. Results are ex|jressc(l as
means ± .SFM. A two-tailed paired Wilcoxon's
test was used for statistical analysis, excej)! for
data shown in Fig. 1 . 5 % was chosen as the
level of significance.

RlvSULTS

I'.ffcds oJ cytokines (>?> rat

and human tslct /unction

(lytokinc-rich MNC su|)ernatants markedly
redticed the glticose-indticed nistilin release
rrt)m human and rat islets ol Langerhans and
decreased the contents of insulin and glueagon
in ral isltis ('fables 2 and !i).

Htiman islets isolated Irom dillerent pani tea-
lic spccunens varied considerably m (licir sen-
sitivily to the ellects ol cyttikuies t:oni]iarrd with
different ral islet preparations ('fables 2 and .'i).

t a b l e - 4

l - ' . l f e e l s u i n t e c i i u t i i { l i . i l y s e ' d . l y o p h i l i s e d a t t d t e - e o i i s t i t t t t e c l w i t h I ' l l A o r P P I )

t ! i i t i e - a l , - c l ( n - 5 )

D i a l y . s e d a n t i l y o p h i l i s e d ('/ ^ 5 )

l)i,-lly.se-cl at icl I v o p h i l i s e d i 2 5 i i t n / l I ' I ' I ) {ii .5)

n i i i l y s e - d ,11,(1 I v o p h i l i s e d 1 (1 .25 t t i g / l I ' l l A (n - 5 )

l i t . s i i l n i

( ug / l ( l i?

129(>

15-17

M.'i-l

l()07

rc-!e-asc-

;lets/w-c-ek)

± 140
± 77
± <M

± 1-16

I t t s u h t t

("«•

12.7

13.7

16.1
11.5

( - O t t t C - t t t

' i s l c - t )

± 2.0
+ 1.3

± 2.(i
± 1.6

( ; l u ( a g o t i ( o n t e i i t

( t l g / i s l c - t )

0.66 ±
0.96 ±
0.76 ±
0.71 ±

0.17

0.20
0.15

0.20

'I'ablc ,̂)

I'.lTccls of (Vcslily p r e p a r e d b lood inonoi iu t leaf <c!l si ipei-naiaii is on islel I'lnu lion

Insul in rel(

{n î / H) i s I <' t

I n ,s 1111 n ( O i l

(ng/islet)

( l lucagon e

(ng/,slet)

-:ise-

s/6 elays)

itent

Diilcnl

Medmni

2247
2385

13,3
14.8

0.88
(1.44

C o t

1 0 %

1906

17o:i

20.7

13.4

1.45

0.42

K e - n t r a l t o t t o l s t t

o i t i n s t t m u i a l c - e i

1 %

2128
1093

15.5
10.5

1.05

(1.36

pe-rnataius
MNC

0.1 %

1992
2000

12.7

10.4

0.97

0.29

( i o i i i - c - t t l t a l

of M N C st

10%

19.3

2117

4.6

2 .8

0.25

0.05

i o n o f SI

itt i t t laic-c

1 %

()59

3-15

M.'i

7.9

0.4(i
0.05

i ) ) c - r n a t , i [ t t s

1 w i t h I ' l l A

0.1 %

2242
1-1-1-1

1-1.7

9.1

0.84
0.22

R e - s u h s a r c - s h o w n a s t t i e a n s o f c l t t p l i c a t c - s e - t - t t p i t t t w o s c - p a r , i t e - c - . v p c - t i n t e - n t s w i t h . s t i p e - r n a t a t t t s I t d u i d t l t e - t e - t t t d o n o t s .
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Dose-depi'7idmcy of cyloktnc rfprls
on islel fumiion

T h e tnstthn release Irom rat islets and rat islet

content of instilin were not affected by incuba-

tion with ct)ntrol snperna tants at any con-

centrat ion (I'^ig. 1). In contrast , (he active

superna tan ts markedly red iued the insulin

release and the- islet mstiiin content in a dose-

dependent way. Al st tpernatant concent ia t ions

above 5 "/c oi' the ciiiginal supernatant cciii-

ccnt ia t ion , ihc insulin tx-lcase was approxima-

tely 20%' and the insiilm ccinlcnl a[)proximatcl\ '

4 0 % ol the \ 'ahics lotind when islels were

inctibated wilh (ontrol su[)cniatants.

Low concentrat ions ol cytokities, i.e. in high

dilutions ol active supci natants (()..')%) or in

low dilutions of control superna tants (5 % ) ,

increased (he isle( coiKcnt of glueagon (2a =

T a b l e - (1

l - . t l e - e t s e l l e - t u l e > t e i N l t l e i t l \,\\ t s l e - t i t i s u l t n r e - l e - i i s e -

( t l g / l O i s l e - t s / ( ) e l ; t > - s ) n = 3

M ( - d i t l t i i

I ' . tu io lo .v i t t 10 r t i g / l

l - ' . t tdo toMt l 1 t i l g / l

| - ' . i u lo to . \ in 0 . 1 t n g / l

2064 ± 399
2199 ± 160
2068 ± 549
1979 ± 187

0.10 and 0.05, rcspecdvely, Wiltoxon s un-
paired test, l'ig. 1), whcrca,s concentrations of
active supernatants abcne 5 % decreased the
gkuagoti c'ontciK (o abotil 20% ofthe gliicagoii
content found in islets incubated with cnlttirt'
iiu'ditim.

riic dose response ctirx'cs of the clfccis of
cytokines on insulin ic"lea,se and islet coiitc'iit,s- ol
instilin and glucagtm closely paralleled each
other, i.c-. (he- steepest slope ot all cttr\-cs being
belween (he 1 and 5 ')'<' supernatant con-
c-cntradons.

Stipcrnatants of PPn-stimulatcd MNC: w-ere
10 (inies more potent than sii[)crna(aiit.s of
PMA-stinuilated MNC from the ,sainc donor
(I'ig. 2). I'loin (ho <lc)sc-n'spc)ii.S(' ctit'\x\s i( can
be estimated that the instilin release from rat
islets v\-a,s- reduced to 50 '}ii of normal when
incubated with sti]H'rnatants ol PPD-stinnilated
MNC at a llnal toitccntration ol 4 %, whereas a
concentration of 40 % of stipernatant.s of PHA-
stniitilatcd MNC was ncces,saty to produce an
equal effect. Similar differences in the effects of
stipernatants ol PPD- and PHA-stiintilatcd
supernatants were demonstrated on islet con-
tents of insulin and glueagon (data not shown).
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T C 199, which was cither <lialyscd and
lyophilised as the MNCl suiicrnatants <ii'
dialysed, lyophili.sed and reconstituted with
either PPD or PHA, did not decrease the
insulin release, the islet content of insulin and
glueagon (Table 4), or ( hani^e islet tnorphology,
when compared wilh lhe elTect ol' untreated
culture medium.

To study the elTects of dialysis and lyo-
philisation, lat islet.s were incubated wilh
freshly prepared control and active superna-
tants of two healthy donors at different con-
centrations (Table 5). l'"reshly prepared active
supernatants, but not control stipernatants,
inhibited the insulin release in a dose-depen-
dent way as efficiently as lyophilised active
supernatants.

Endotoxin (lipopolysaccharide from E. coli.

lMidotoxin 186, Malinckrodt, St. Lotiis. Mis-
souri, USA) iti concenttations of 0.1 niL;/l-l()
niir/1 did not affect the itisulin release from
isolated rat islels (Table ()).

A^orphnloi^ical findings

Ijffht mi(r(>scopic tnorphology demonstrated
that most islet.s incubated with ( yt<)kine-ri( h
MNC supcrnatant.s for 7 days were disitilc-
grated or reduced in size. A few islets in most
experiments did not show unecitiivoc al signs of
degradation in the liglit microscope. Electron
inicrosco])y of such i.slets revealed that although
the tontotirs ol' the islets were intact (I'ig. 3),
the ulliaslrtu lure (if all types of endocrine islet
(ells were severely changed with dissolution ol
organelles and nuclear chromatin. Only the
(ytoplasmic membrane and the nuclear mem-
brane, as well as a few hcjnnone-containing
granules, were preserved.

Physical properties of the islet

cell cytotoxtc cyUikine(s')

Heating of an active supernatant to .56° C for 60
tnin or 80° C for !iO min completely abolished
the inhibitory effect of the insuliti release by the
untteated active supernatant (I'ig. 4).

Control and active sttpernatanls, which were
dialysed, lyophilised. and stonxl at -70° C dis-
solved at !iO times the original sujjcrnatant con-
(entration, did not significantly inhibil the
insulin release from ral islet.s. (Medium: 1635 ±
187; control supernatants: 1085 ± 372, and
adive supernalants of PI 1 A-stinuilated MNC:
1219 ± 369 ng insulin/10 islets/week). Data
Irotn the individual five experiments showed no
activity in three, but pronounced activity in Iwo
ot the five batches tested. In contrast, six oiil of
six batches stored as lyophilised material for
several months were active when tested repc-at-
edly.

DISCUSSION

Activation of monocytes and lyiujjlioc ytes by
stimulation with antigen or lectin results in the
secretion of .soluble .substance.s with manv dif-
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fcicnl biological a c tn i l i e s . Most ol ihe.sc cyto-

kines are antigen-nc)n-specilic\

O u r hypothesis wa.s that cy tokmcs . as impor-

tant luedia lors in lhe cellular immt inc response ,

m a y par t ic ipate \\\ ccl l- inediatcd des t ruc t ion ol

beia-cells Ic.iding li> IVpe I di.ibele.s mell i lus.

T h e first a im was therefore to test the ellecis ol

cytokines preparecJ by s t imula t ion of M NO

iroin heal thy, non-diabet ic donor s , us ing recall

an t igen or P H A on isolated islets ol I . ange rhans

as (atgel.s.

C'rucle su])c'riialants ol s l inuilalcd M N O

inhibi led lhe msviliii release Irom and dec leased

the insulin conteni in lscilaled islets m a close-

d e p e n d e n t way. indicat ing an inhibit ion ol

insulin biosyii(hc\sis, or a c ylcKci.xic cMcc ( ol sol-

uble factor(s) 111 these suj jcrnatants . I 'lgln and

electron microscopy showed changes in islet

morpho logy and uliraslruclt i i c- which were

stron.gly stiggcslixc ol a direct cyloto.xic ellect.

T h i s elTect was not specific (or bela-cclls; (he

glueagon conleiit in lhe islets was reduced in

parallel wilh the rcducl ion m the insulin release

and in.stilin con len i , inclic .iting llial all islel cells

were suseeplililc to the action of cylokines.

Howeve r , lhe tendency lo increased isici glu-

eagon content at low cytokine cone cmrat io i is

(I'^ig. 1) may indicate a difference in the initial

ac tion of c ytokines on a- and P-cclls, as has

been demons t r a t ed to l)c die case with slrep-

to/.otocin (6).

Cylokine-ric h su|3ernalaiits have been shown

to stinuilale the activity of \ a r i o u s non- lymph-

oid normal lis.sues (10. 11, 17, 26). Allhoiigh a

nuniVjer ol c ytokines have been shown to arrest

the cell cycle ol activated lympiioc yies. only lew

have been reported to be cytotoxic. T h e best

character ized cytotoxic cytokines are lhe lytu-

pholo.xin.s (LTs ) anci lhe inierfei OILS ( I I ' ' N S ) .

T h e lormcr consli tute a complex system ol lo-

xins coiiipiisec! of iclaled and unrelalecl compo-

iieiils with molectilar weights from 12 K D to

more than 200 K D (in h u m a n s ) . T h e y are

pi'odiicc-d by T- and B-lyniphoc yIes, but their

role in lymphoc yle-inecliated largel-cell lysis is

not clear. Cells l iom various tissues aiul spec ies

differ markedly in their sensitivity lo I, I s , bul

tvuiusvir cells and certain (H ansforiwed;'') continvi-

cHis cell lines sec'in (o be pariiciilarly .scn.sKixc

(7. 9) . Tims, il has been suggested that diilerciit

tissues express di l lerenl iece]itc)rs for eyiokincs

as has been shown (or I / I s (28) .

I l 'Ns arc glyc o p r o l e i n s with molect i lar

weights betweeti 15 and 25 K D p roduced hy

eukaiNotjc ccll.s in response to \ i r a l infections

and o lher s t imtih. 1 luis, sensilized l - ly inpho-

cytes e labora te l l ' N - g a m m a il chal lenged wilh

specific an t igen , and T-lyni |)hoc yte.s p roduce

die same lymphok ine if acii \alecl non-spec ill-

c a l h . lor example \}V P l l A . l!''Ns inhibil

growth of neo])laslic and no rma l cells (12. 27).

Ill ihis r egard . I N I ' - g a m m a seems to be die

iiiosi polcnl s]iecies. and in a (c\v cases l l ' N -

ganinia has been repor ted to exhibit direct

cxiolylic- |)c)lenc\' (29). Th i s po(c-nlial. Uowcvcr.

may be ascribed lo a s\neigist ic elTeci be iwcen

l l ' N - g a m i n a and c o n l a m m a t i n g l / l s (25).

In the ])resent sltidy, .supernataius of iin-

sliniiilaicd M N C did nol impa i r islet luncl ion.

In .1 previous slucly we (otiiicl c ciiisiclc'rable

iii ler-iiulividual and -balcli \ ar iabil i l \ ' in lhe

activity of "u i i s t imula ted" ' MNC^. s u p e r n a l a n l s

( I d ) . In lhe J5re\'ious as well as m die preseni

s tudy, the s t iperna tan ts were chosen al r a n d o m

Crom a |)anel of s t ipe rna tan t s . W e there lore

behcNC dial lhe batch \ a r i a t i on belween control

supe rna t an t s probably tellecls inter-itidividvi;\l

variat ion m the eonstilnlivc- cylokine prodtic tion

by MNC. activated ;;; rii'o. lor example as a

resull o( a recenl \ u i i s in(eclion. or !rt vtlrc clue

lo xariable endo loxm coi i la ininal ion ol lhe ctil-

lure media , or d i l ie iences in ihe mechanical

hand l ing ol the cells. The dose-response c'.\(:ieri-

meiits (I 'ig. 1) sniipoit ihis concept , since \ e i v

low cytokine coneeni ra t ions were su((uienl lo

inhiljil islel funciion. l.cciin s imui la l ion seems

to result in the sectetion ot cvtokines in ee|ual

. imoiinls to and \vilh a .similar .s[:)ectiiin) ol

biologieal activities as cytokmes prodticed bv

ant igen stinitilation (2.i). S l imula t ion oC M N C '

with l ' P D iirodticecl svipei na tan i s wilh a higher

aelivilv ihan those prodnced bv M N ( ; stim-

tialled with P l ! . ' \ . i h i s does nol necessarily

imply lh:il anl igen slimtilalion leads to a liigliei

cylokine iirodtielion than lectin s t imulal ion.

I h u s . P P D . especially m higher cone e n l r a l i o n s .

possesses non-spc~cilu' mi togenie ]iropcrties. and

I'l-'D tilso conlaiiis sm.ill amouiKs o(CncicKoxin.



258 T. MANDRUF-POUI.SKN KT AK,

whicli may have |iotenlialed the elaboration of /\
the toxic cytokme(s) (Bendtzc:n & Baek, un- „., , , , , , , , . . ,. • , , N, •

ihe aulilors vvisii lo tii.ank Mrs, Susanne (timdei sle\ . Man-

p u b l i s h e d ) . In a n y c a s e , l h e e x p e r i m e n t s s h o w ,^^,,., •|holl.,sen and irine Crainger lor e,xpert lednnr.il

t h a t t h e tec h n i c | u e u s e d is a h i g h l y s e n s i t i v e in assislancc. .ind Mrs, Anne i<aln r<.i pi .parmt; liie manu

vitro m e t h o d in l h e d e t e c t i o n o f ( i n a n t i t a t i v e srripi. Or, Mandrnp-I'.inlsen is the recipient ol .i dllow-
a n d / o r q u a l i t a t i v e d i f f e r e n c e s in c y t o k i n e a c - * ' l ' ' " " " ' ' " ' M" l'^"'l^''" i' '"i""l^ii-n and also ic-ceived

• 111 .suijpori l ioni the I )anish 1 ) ial)ei(s Assoi lat ion (I ) iabc-
l i v i t u ' s m M N C . s u n c r n a l a n l s . It w i l l l i e n c c t ' s - , • 1 1 / . .. 1 1 i> ^- 1

' l e s l o r e n i n g e n , I -andslorcnint^en lor >>uKkersyi4e), r . {,arl

sary to evaluate lhe: reproducibi l i ty of lhe in vitro ivurs, ns i\.uiKiaiion and Kmi; Ciinsnan Xth i'oun<iation,
islet cul ture as a semi-quant i ta l ive blO-assay by ilr. iiendtzen reeeived fmanciai suppon from llu- Danish

further studies of the var ia t ion in the sensitivity Mcdic:al Rcsearei. Couiuil and the iianish C.meer Society,

e)f difleient islet p repara t ions lo cytokine ellects,

as well as studies of the intra- and inter-individ-
ual variation in MNC basal and stimulated
e y l o k i n e : - p r e ) d u c t i o n i n h e a l t h y d e ) n e ) i s . I A l t m a n . A, & K a t z . i ) , i l , : i h e bio logy ol m o n o c l o n a l

I n e)tll O i : i i m o n , t h e ] ) O S s i b i l i t y t h a t t h e l y m p h o k i n c s s e e r e K d by i - . , l l i i n . s a n d h y h r i d o m a s .
, , ,.,. , 1 r 1 ^'^'•'- I m n m n o i , , ' 0 . 7:t-i(i(>. i9B2,

o b s e r v e d e l l e c i s w e r e t h e r e s u l t o l a c u i l u r e „ „ , , , , , , , ,•
2, i i cnd lzen . i\ ,: I iie priidiK tion c)l heleroiot |ocis .mt ibod tes

a r t i f a c t c a n b e e x c l u d e d o n i\n- b a s i s of l h e to th. imman lympiiokme: lenccyle iniKiat.on mh.hiloiy

d i f f e r e n t c o n t r o l e x p e r i m e n t s in w h i c h d i a ly see l , lai tor ( i . i i ) , Celi, immunoi, 2'). :SH2-:i9;i. 1977,

lyophi l i sce l a n d P P D / I M I A r e c o n s t i l t i t e d m e e l i a '^- ii"itani. C, . Chatenatid. I., M, & i). bray-Saehs. M.:
1 I I r I 1 • 1 . I I n \ l l r o m h l b t l t o n o i i i a t u r e a l t c i i - e ( i i t u n c t i o n i ) v i v m -

we'ie used, as well as Ireshly isolated stiperna- ' • -
piuK-ylrs initu d i . t b e t i c s vvi((t .-jssoc t.i(e<J :ittu>'iuitltunr

' ' " ' ' ^ - d i s e a s i - s , A T e e i l | ) h e n o m < ' n o n , | , I m m u n o l , 12').

Adclilion of endotoxin to the cul ture med ium 2,')29"2,'i:ii. 19H2,
d i d n o t a l l c - c t i s l e l l u n c l i o n , a n d t h e h e a t s e n - i H m n s t c - d t . J : i t a p i d i s c i i a t i on o f I U I K t i o n a l l y i m a e t |>atl
s i l i v i l y o f I h e i s l e t - c e l l c y l o l o x i c f a c t o r ( s ) i n l h e " ' ' ' • " ' ' '"'"''•'^ ' ' ' " " ' " " « ' • " " ! '•'"' ' 'V I V i e o l P ^ ' K i a c l i e n i

, , 1 1 -1 -I- 1 ic-nli i luc 'at ion, Diabe le M c i a b , t,. H7-H9. I'lHO,
s n n c r i i a l a n l s a i s o exc uc c-s I h e p o s s i b i l i t y t h a t „ , , ,

' ' ' >. f^hat ies . M , A, . .Suzuki. M , . W a i d e c k . N , . et ai •

e n d o l o x i n w a s r e s p o n s i b l e f o r t h e o b s e r v e d Imtnim,- islel killmc; m e e h a m s m s ass .ui . i ted with in-

t ' lK 'C tS . su l in -dependen l diahele.s; in v i n o cxji iessinn o l ' e c l ln l a r

T h e a c l i v c ( ( ) i n i ) ( ) n e n l ( s ) i n t h e S U l ) e r i i a t ; u i l S and an i ihody -n i cd i a i ed islel n-ll ( ytoto.xic ily in l u n n a n s .

seem(s) to be a heal-.sensitive, labile molccuk-(s) ' I.nmunol, no. 1189-1191. 19H,i,
, ,. , , . , , , „ , , , ^ • ' '• i i o l v a . 1 . . O , . N i e l s e n . I . i i , , W e i i n d e r , i i , S , & i i a n s -

and ol a moleciilar weight above 10 KD, sinex- i- i- n i ' i i , ,
'^ sen . i \ , I ',: iliosynliii-sis .inci release ol ihy ro l fop in -

ihe- s t i p e r n a t a n i a e t i v i l y o n i s l e l f u n c i i o n w a s lelasiiu; i iormon, ' immunore . i e l iv i ty in rat pane rea t i e

not lost after dialysis, l 'ur ther identification of ISUMS m oi^an cnlttur, i'.fiec is of age:, glucose and sin-p-

the active substance(s) is the subjeet of ongoing lozotoiin, J, Chn Inv.-si, 72. IH(i7-lH7:t. I98H.
, ,• . .- . J i h i w . \'. W , . A ^ ^ a r « . l i . H , H , . i i e n t o n . C , \ ' , . e t a i , :

Studies.
e . l o m n K 'Uid e x p r e s s i o n ol ( U N A l o r h i i i n a n l y m p i i o l o x -

T h e r e is r e e e n i ev idcMue t o s u p p o r t t h e ro le ,„ .,, |y,,,|,|,,,kn,,. with lumor n,-. rosis aetivuv, Nattire

of M N C s e c r e t o r y | ) roduc : t s in l y n i ] ) h o c y t e - / / : ' . 721-724. I9H4,

m e d i a t e d l a r g e t cell lysis ( 2 1 ) . O n t h e b a s i s of " liethni;. i.,: i)eterimnaiion of total serum insulin {ii<i)

o u r findings o n e c o u l d e n v i s a g e t h a t t h e se lee - ' " • "^" ' " ' " ea i e , ! <iiai)eti< pattents, i)iai>.f .lo^ia A'. 2t,0-
t i v i t y of t h e b e t a - c e l l d e s t r u c t i o n in 1 y p e I „ , , . t, i ,• L. , . , . • , , ,

' ' ' 9 , I i i s e r o d t . | , C , &• C r a i i K c M . ( . , A , : i n i i i b i l i o n o l i u i n i a n

d i a b e t i c | ) a t i c n t s is m o s t l ike ly citle to l h e h o m - iympho, yte-me.iialc-d mitoKen indn.cd .vtoto,xi,itv ol

i n g of spec i f i ca l ly s e n s i l i s e d 'P-effeetOr ee l l s to mnrin< i.-929 (clIs by heti-roloi;i)iis .inlidiiun.m iympiio-

b e t a - e e l l s u r f a c e a n t i g e n s ; t h e r e s u l t i n g a c t i v a - " " ' ' " • " i i ' « ' ' ' ' " ^iiro, J, iinnumoi, ll'i. :t7'l-:)8l).
l i on of l h e •P-cffec:tor ce l l s l e a d s to t h e seerc:ticMi ,„ , ,

, , . , . 10, iiorton. |, 1'... Koopman. W | , . l-'arrard. |, | , . i'ullcr-
c)l l y m p l i o k i n e s , w h i e h r e c r u i t a n d a c l i v a t e a n t i - Hon,ir I & Mer»c-nli c^cn S V I 'u i i i l ntrilicitio of
g e n - n o n - s p e c i f i c : M N C to b u i l d u p (he i n s u l i ( i s ,i bone ie,soH)inir factor elaboi.ited (rom human alio-
i n l i l l r a l e . ' P h e lyniphc)kinc:s t h e m s e l v e s , o r t h e î c-iu-ie cultun-s. Cell, imnmnoi / i. i It). |979,

c y t o k i n e s e i a b o r a l c x i b y t h e r e c r u i t e d i n l l a n i t n a - " ' ' " ' " • " '• * " " ' K ' ' ' - ' ' • H ' "" - ' " mononu. I. .u ,ell
II I , 1 1 - . , l a i t o r s i n e d i a l e c a r t i i a i r e t n a l r i x d e i j r a c i a t i o n l i i r o i m i i

lory cells, may then damage the adiacent t.slet , , • ' , , , • ,
o .J i h o n d r o i y l e . i c l i v a t l o n . J , C h n , i n v e s t , ti/l. . ' ij 1-.'ilfl .c e l l s . I 9 H I ,
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1 2 . K r i n i . M , : i d w a r d s I n m o r t h e r a p y w i t h i n t e r l e r o t i s , 2 2 , i^e tn \ " i t ; . i . . . i \ t l k . ( : , . l i a e k . i . , ^: i ^ e n d t z e n . K , : i n l l i i -

i*art i i n l e r l e r o n s : i * i o ( h n t i o n a n d j j r o p e r l i e s , i^looci e m e o f e n d o t o x i n o n p r o i l i u t i o n o f l e u e o t v i e t i l i g r . i t i o t i

,'i,'i. 7 1 1 - 7 2 1 . 1 9 8 0 . i n i i i b i l i o n l a . t o r , | I m n m n o i , M e t h o d s 72. 1 8 9 - 1 9 1 ) .

i :! , i , e r n m . - i r k . .\. «.- i i a - k k e s k o v . S , : i s l e t i.-ll . m t t b o d i e s - i 9 8 4 ,

t i l e o r e t i c a i a n d p r a c t i c a l i inp i ic a l i o n s . i ^ i a b e t o l o i ; i a 21. 2!i, i ^ o c k i i n . i^, i".,. B e n c i t z e n . K . \ ' C r e i n e d c i . i ) , : \ t c - d i . i -

4 3 1 - 4 : ! . ' ) , 1 9 8 1 . l o t s o f i m m i m i t v : l y i n p i i o k i n e s . m d m o n o k i n e s , .ACIN ,

1 4 , i . i i f i . J , H.: ( i n p r o v e m e n l . s in e p o x y - i c - s i n embeclcl int^r I m t n u n o ] . 2f>. .^).'>-i:S6. ) 9 8 O ,

m e t i i o d s , j , i l i o p h v s , B i o i h e n i , C v l o l , ' ' . ' 1 0 1 - 4 1 1 . 2 1 , S i b l e \ . i { , K , . S m h e r l . m d . H I-., R . C l o e t z . V. C , \ '

I 9 ( ) i . M i c h a e l . , \ , 1'',: i < e e t u r e n t d i a b e t e s m e l h t u s in l h e j ) a n -

1.'), M a n d r u p - P o n l s e n . ' i ' , . N e r u p . . | , . S t i l l e r . C , K.. et a i , : ( l e . i t i e i so- a n d . l i l on ra f t p e r i o d , .-X l i t ;ht .'u)d e i e e t r o n -

i ) i s a p p c - a r a n e e a n d r e a p p e a r a n c e o f islet ee i l e y l o p l a s m i e line rose o p i e . t t id i t n m u n o h i s t o e h e m i c . i l . i n . i l v s i s o f f o u r

a n t i i ) o c i i e s in c y( h i s p o i i n - t r e a l e i l i n s n l m - d e p e n c i e n t ci ia- c a s e s , i . a l ) , i n \ ( S t , :'K1. i : i 2 - 1 4 l . 198:"),

i ^c t i e s . L a n e e t ;. ; ) 9 9 - ( ) 0 2 . 198."). 2.'), S t o n e - W o l f f . 1), S , . ^ • i p . >' K , . K e l k e i . i l c : . ei .d ,

1 6 . M a n c J r u p - P o n l s e t t . 1',. f i e n d t z e t i . K , . i N i e t s e n . f, f { . . ( n t e r r c - l a n o n s l i i p s of i m m . m i n t e r l e r o n - i ^ a n i m . t w i t l i

B e n c i i x e n . ( ! , \ : N e t ' t i p . ) : C v t o k i t i e s eansc - f n n c i i o n a l i \ 'm] ) iu ) to .x in . m d n i o n o i N t e ( \ t o t o x i i ) , ] i-".x|), Xii-il

aiicJ .Sinn t u r . i l daiii.i , i^e u> i .solatei i i.slet.s o f i . a n i , ' e r i i a n . s . / , ' ) ' ' . 8 2 8 - 8 - I ; ) . 19(14

A l l e r g y -1(1. 4 2 4 - 4 2 9 . 198.'"). 21), S z t i - i t i . M , i V . \ ' o i ; c 4 . S , Ni . S i p e . | i ) , . et . l i , : "i ' i te t-,>ie

1 7 , M i z e i . .S. i i . . i ) a y e r . J . - M , . K r a n e . S , M , \- M e l - o f m a t r o p h a g c - s in t i ie a e t t t e p h . i s e r e s p o n s e : S ; \ . ' \ i n d n ( c r

g e n i i a g e n . S , 1''.,: S t l n m i a t i o n ot r h e u t n a t o i d s y n o v t . l l is ( i o s c 4 \ ' r e l a t e d t o l \ a n j ) h o ( sMe a e l i \ ' . u i n L ; f a e t o i . m d

ec4i c c)l lat j ;enase a n d p r o s t a t ^ l a n d i n p r o d i u - | i o n b y p.cr- e n d o g c - n o n s p v r o m ' l ) , ( : (41 , i m i n i i n o i , 't:)'. i t ) ' l - 1 7 ( ) . 1 9 8 1 ,

t i a l l y p u r i r i e d l y m p h o c y l e a e l i v a t i n i ; t a c i o r ( i n t e r i e u k i n 2 7 , ' i " r i i u h i e i i. ( I , ^c I ' e r u s s i a . iV: i m i n t m e i n t e r f e r o n : .X

I ) , P r o ( \ N a t i , A c a c i . S i i , U S A 7,'l. 2 4 7 2 - 2 4 7 7 . I 9 H I , p l e i o l r o p i e K i n p h o k m e « i t h m u l t i p l e effei ts i m m u n o i

l) i , N e r u p . J , . A n d r r . v u . ( ) , ( ) , . l i e n d i . x c n . < ; , .<• ( . l l , : C e l l - T ix / . iy ft. IM-l'.Ui. l'))l.'>,

m e d i a t e d i i n m u m t y in d i a i ) e t e s i n e l i i t t t s , I ' r o i , i < o y , 2H, i ' s o n k a s . C , i ) , . R o s c t t a t i . W , X- H . i x t e t . | , i ) , : C i i l u l . i i

S o e , M e d , l>7. ,'")O()-.'')i:i. 1 9 7 4 , r e e e p l o r s l o r l v m p h o l o x i n : l o i i r l . i t i o n o f b i n d i n i ; . i in i

1 9 , N e r c i | ) , . | , . i . c - r m n a r k , A . & S e o t t . ] . : . • \ u l o i m m u n i t v . h i e \ t o t o x i e i t v in s e n s i t i v e a t i d t e s i s l e n t t . i rKci c e i l s , \.

f a i p t a . S , ( e d , ) : i i n n u m o i o i j y o f ( l i n i i ;ii a n d e x p c ' r i m e n - I m n u m o l , 111). I 8 ' l - I 8 7 . 1 9 7 6 ,

ta i d i a i ) e t e s . p p . : i . ' ) l - : i 6 7 , i ' l e n u i n M e d i c al B o o k ( : o i n - 2 9 , r v r i n i ; . S , . K l i m p e l . Ci, K , . i ' l . - i s e h m . u m . W K .V

p a i i y . N e w >(>rk . I 9H4 , B . i r o n . S , : D i r e e l e \ i o l v s i s l)\ ' p a r t i a l h p u r i l i e d p r e p . i r a -

2 0 , N i e l s e n , j , I I , . M a r n e r . H , . i i i l d e . T, \ ' 'I h e i l a K e c l o r n ( i o n s o f i i i r n e h i t e r l e r - o u l n t , | , ( : .uieer- il/. 'i9-l,-L
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