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Immunologic Effects of Gliotoxin in Rats:
Mechanisms for Prevention of Autoimmune Biabetes Mellitus
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Abstract. Various fungal products, such as gliotoxin (GT), have immunomodulating activity, a fact exploited
previously by our group for prevention of autoimmune diabetes mellitus in BB/Wor rats. To understand beue

the immunologic effects in GT-wreated rats, splenocytes from 65-day-old prediabetic diabetes-prone rats were
phenotypically characterized after chronic treatment with GT. A parallel study examined the direct effects of
GT on splenocyvie preparations incubated with the mycotoxin, In vitro treatment of splenocytes with G
revealed relative decreases in CDA™ and increases in CD8* Tocell subsets, whereas in vivo trearment with G

did not resule in detectable alterations in relative CD4A* and CDEY cell subscrs. We were unable 10 show

signiticant effects on NK ¢ells or MHC class 1 eells. However, in vitro and in vivo G teatments significantly

enhanced the detectable RTG surface marker, a key regulatory element in autoimmune diabetes pathogenesis.

This study showed that GT selectively affects certam Iymphocyte subsets, possibly through the mechanism of

i

apoptosis, which was increased in vivo as well as in vitvo, (received 22 May 2000, accepied 26 July 2000)

Keywords: diabetes mellivus, mycotoxin, autoimmunity, T lymphocytes, apoptosis

Introduction

In a previous study, we reported that chronic admin-
isrration of gliotoxin (GT), an epipolythiodioxo-
piperazine mycotoxin, to diabetes-prone (DP) BB/ Wor
rats resulted ina decreased incidence and delayed onser
of diaberes [1]. Because G is an immunosuppressive
or immunomodulating substance {2,3] and because
diabetes in this rac model 15 an autoimmune pheno-
menon [4], we designed the present study 1o evaluate
the effects of G'T on the immune status of rats.
Numerous immunosuppressive drags are known
1o prevent diabetes in animal models, and cvclosporin

A has shown activity in preventing diabetes in clinical
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studies in humans [5], However, immunosuppressive
compounds may possess broad toxicity toward the
immune system and carry the risk of serious side effects.
Therefore, drugs that have specific and limited argers
within the immune system may provide more chinical
utility than drugs that lack specificity. One purpose
of this investigadon was o discover whether G had
global or limited cffects on the immune systems of
rats. Another purpose was 1o gain information about
the mechanisms of G'Ts immunomodulating cffecis.

The general approach of this investigation was 10
examine lymphocyte subsers after treatment with G
in vivo and in vitro and determine if the effeces were
altered when cultured lymphocytes were mitogenically
actvated. Because regulation of the immune system
often involves apoptotic deletion of potentially harmful
clones, we also examined the role of G in generadng

apoptotic cells in ras.

the Association of Chinical Scientists, Inc.



Materials and Methods

Experimental animals. Equal numbers of male and
female DP rats were purchased from the National
Institutes of Health's central breeding colony at the
University of Massachusetts Medical School
(Worcester, MA). DP rats were shipped in filter crates
and were maintained inisolation from other animals
and humans (viral antibody-free conditions). Our
vivarium performs periodic serologic testing on sentinel
animals o ensure thae specific pathogens have not
entered the facility. Upon arrival, animals were caged
mdividually and given one week 1o become acclimated
to the animal facility. The environment was
temperature- and light-controlled (12 hr light/12 hr
dark). Animals were provided food and water ad
bitum, Water bottles were sterilized before reuse, but
food, water, and bedding were not. Standards for care
of these rats have been published by Olsen et al [6].
Investigators and animal carerakers donned masks,
caps, gloves, and gowns before entering the animal
rooms to avoid contamination.

Iin vitro study. DV rats that did not receive GT (pre-

diabetie, untreated rats) were killed at 65 days of age,

and splenic cells were tsolared as described below, Halt

of the splenie cells were incubated for one hr with 1

np/ml G (o dose
cell-culrure data in our prior report [1]) at 37°Cin a
€09 (5%) incubator, and the other half were culured
i GTH

suspending vehicle, ethanol, was added o cach control

free cell-culture medium as controls, The
sample in an amount equal o that present in GT-
treated S;U‘hplg:&;, Both G'T-treated SAMP sles and controls
were divided into two aliquors. One aliquor received
10 pg/ml concanavalin A (ConA) and another
remained unstimulated, yielding four different
GTeereated cells; ConA-
ellsy controls (no G1and no

preparations of splenic cells:
stimulated Gl-treated ¢
ConAY; and
were fluorescent-labeled with monoclonal anti-

ConA-stimulated controls. These cells

i*«m} shocyte surface marker antibody, analyzed by the
FUNEL

mediated dUTP-biotin nick-labeling) method for

(terminal deoxynucleoddyl transferase-

lymphocyte apoprosis, or used i proliferation tests,

each described below.

t%l;ii Wwas xdu f,(i O (?Eg i.h 15« f‘
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In vivo study. For this study of lymphocytes from GT-
treated rats, CXPCI'imCHt;II animals were placed into two
”l'()llpﬁ

with GT 1
The control animals received glycerin (vehicle)
ng/g body
weight three times weekly by intraperitoneal injection;

the volumes injected ranged from 0.1 10 0.25 ml,

Half of the DP rats were chronically treated
from 30 days of age until 65 days of age.

injections. GT-treated animals received |

depending upon the weight of the animal. All rats
were monitored forweight gain o verify that they were
not becoming diabetic, and were killed ac 65 days of
age. Spleens and pancreases were recovered and used
a5 d(’f’\&frib&‘d i‘!(‘}“’ﬂ".

Splenocytes from GTotreated rats and control rats
were divided into two aliquots. One aliquot was
stimulated with 10 pg/ml ConA, and the rest of the
cells remained unstimulated, Four different samples
were prepared;  splenocytes from GTotreated rats:
splenocyies from Gl-treated rats with ConA
stimulation; splenocytes from control rats; and
splenocytes from control rats with ConA stimulation,
Samples were used for surface marker labeling,
apoptosis analysis, and proliferation testing as described
]K‘l()\’y‘.

The concentrar icm of ConA used in this study was
based on a tiration of effect on spleen cell metabolic
activity demonstrated by Alimar Blue (Sensititre/
Alimar, Sacramento, . We found that
10 pg/ml ConA was more effective t!‘i;u‘l either 1 or 5
pg/ml with cells from DP raes (data not shown).

CA) reduction

Lsolation of splenic leukocytes: At 65 days, experimental
animals were cuthanized by CO» inhalation. A midline
incision was made 1o expose the spleen, which was
aseptically removed and placed in 10 ml of Dulbeceo’s
phosphate buffered saline (PBS) on ice for transport
from the vivarium to the laboratory. In the laboratory,
splenic rissue was minced and furcher disrupted by
passage through a sterile 80 mesh tissue sieve in a
Laminar-flow hood,  Cells were further dispersed by
l‘ctl)c;ilctl aspiration and expression through a sterile

21-gauge needle, w.lshul twice with 15 ml of
})Libc;cu):s PBS, and recovered by centrifugation at
LOOO rpm for 4 min.  lsolated leukocytes were
109% FBS and, unless

otherwise noted, mcubated in a 25 ml dssue culture

suspended in Eagle’s MEM with



368 Awunals of Clinical & Laboratory Science

Hask in CO4 (5%) at 37°C 1o remove adherent cells.
Viable cell counts of non-adherent cells were
determined by 0.4% trypan blue staining.  Hemo-
cytometer counts of trypan-stained cells x}mmd -05%,

viability,

Lymphaocyte surface marker labeling. Splenic lymph-
ocyte subsets were stained with antibodies listed in
Table 1, which also identifies the isotype controls used.
Prior o analysis of lvmphocyie surface markers, each
antibody was titrated to determine an appropriate
antibody dilution. Splenocytes from normal rats were
D ar

used for titration, Anti-( 1d ant-CD8 mAbs were

Fable 1. Specifications and sources of the antibodies in the

pancl used o immunophenotype splenic cells,

Marker (Clone) S;?m‘i{:s Source” Label

Mousc
anti-rat

Pharmingen PE*

Mouse  Pharmingen FITC™

anti=rat

Mouse

anti-rat

Farlan FITC

BTG (1416) Motise Bisource Unlabeled

An=rat

Pan' I {OX19) Mouse Pharmingen PE
anfi-rat
MHCIHOX17) Mouse Biosource  FITC

anti-rat

Secondary Goar Sigma FITC
anti-mouse

lsorype control Mouse Sigia FITC
lpGil

lsotype control Mouse  Sigma PE

le(s2

* Pharmingen, San Diego, CA; Harlan Bioproducs, Indianapolis,

IN: Biosource, Camarillo, CA; Sigma, St Louis, MO,

PE, Phyveoerythring FITC, Fluorescein isothioevanae,

diluted 100-fold in PBS, and other mAbs were dilutedd
50-fold.
u‘mriﬁlg;uiun and l‘t_'suslwndcd to a concentration of
10° cells/ml in Dulbecco’s PBS with 1% FBS. Splenic

lvmphocytes were added to a series of tubes (107 cells/

Splenic lymphocytes were harvested by

tube) and incubated with equal volumes of FITC- and
PE-labeled mAbs ar appropriate dilutions for 30 min
onice. Stained cells were washed three times with assay
bufter (1 mg/mlsodium azide in PBS). The secondary
antibody was applicd wo unlabeled ant-RT6 mAb after
primary antibody binding, The labeled cells were fixed
by adding 500 pl of 4% paratormaldehyde. The fixed
cells were stored at 47C overnight for flow cytometry

evaluation,

Flow
FACScan apparatus (Becton Dickinson Immunocyto-
Cell Quest

software was used to record, convert, and analyze data,

cytometry. Data collection employed the

metry Systems, Mountain View, CA).

For each sample, the low cvtometer scanned ar least
10,000 cells and recorded four parameters: forward
fight scater (FSC), side light scatier (S5C), FITC
staining (FL1), and PE 1.
cyte populations were <iuumaaulh sclected from FSC
d i
Ith

The lympho-

immw (F1..

and S5C
0 !11\{““{ A i 1(3( Vb}“& }3 lu&iudi{
FITC-

populations,

characteristics and replotted inro a dot plor
e peteentage of
or PE-labeled cells among the i}m;&mc yie
For analysis of RT6Y cell dawa, the
intensities of Huorescent staining for each cell were
recorded as channel numbers, and the mean channel
number representing the average fluorescent intensity
of all cells with any RT6 surface stain was calculaed.
The data were normalized by dividing mean channel
numbers for experimental preparations by the average
channel number for all samples analyzed during a given

flow cytometry session, (o vield a mean channel indes.

Leukocytic metabolic activity. Splenic lymphocytes,
obrained as for other experiments, were suspended in
MEM (Sis{;mu Chemical, St. Louis, MO wich 10%
fetal bovine serum, Leukocytic suspensions with ConA

10 te/ml) were added 1o a
107 cells/well).
Cells in control wells were incubated with MEM only.
All wells had 50 (b of the indicator Alimar Blue,
5% COn for 72 hr. Prolifer

ation d;ll;i lll'cn(‘(?lc‘d i)},’ mcl;ll)n“c (lyc l‘ullu,linn} WS

96-well microtiter plate

Fach test was performed in triplicate.

Incubation was ar 37°C in




determined from absorbance readings at 590 nm: a
stimulation index was calculated (Agg with mitogen/
Asog without mitogen).

Apoprosis. Splenic lymphocytes isolated from GT-
treated DI rats or contrals, splenic lymphocytes treated
with G in vitro, and control lymphocytes were stained
by the TUNEL method with Oncor Fluorescent Apop-
Tag Kie (Oncor, Inc., Gaithersburg, MD) and analyzed
lﬁ}' hm aytometry o dmcumnc the pl()pnl‘ll(m of
lymphocytes undergoing apoptosis. Lymphocytes were
obtained from experimental animals and fixed in ice-

PBS at pH 7.4 for 15
min, followed by three washes in PBS. Fixed leukocytes

cold 1% paraformaldehyde in

were resuspended in 70% ice-cold ethanol and kepra
220°C up to 5 days. Enzyme reactions and staining
followed the manufacturers” directions for staining
fragmented DNA. Positive and negative controls were
prepared and analyzed by flow cytometry 10 establish
the fluorescent intensities (FL1 and FL2) associared

with apoptotic and non-apopratic cells,

were e;‘v;ﬂu;ncd ln" {-test
San Rafael, CA)L

vitro studies used aliquots of identical cell preparations,

Statistical analysis. Data

(Sigma Plot, Jandel Corp., The in
1

allowing stavstical analysis by means of paired test,

The in vivo studies employed the unpaired 1-test.
Resules

Cells with MHC class 1 surface proteins. The eflect
of GT on M

antigen-presenting cells) was investigated following in

S leposivive leukocytes (potentially

vitro G reatment of splenocyte suspensions. These

cell suspensions were not pre-incubated in plastic flasks

1o remove adherent cells, as in subsequent studies of

lymphocytes. Initially, flow cytomerry data for MHC
Hestained cells was evaluated by gating on a region
containing lymphocytes, which failed to show 4
significant effect of GT on this populations of cells.
However, when we chose a Larger and more granular
population than those contained in the lymphocyte
gate, G did have a significant effect on MHC 1+
positive cells (Fig, 1. ConA widened the difference
between GT-rreated and control cells. However, the

number of cells included in this larger gate was

reladively small, so icis difficult to consider chis finding

conclusive with regard to antigen presentation,

TR
lmmunological effects of gliotoxin in yais 6

4 S—
t-test: p<0.01

~ 7L
g 3
: ;f:
5
O 5L
-
3 t
< |

0 n=6

T treated Controls

In vitro Study of MHC 11" Splenocytes

3
t-test: p=0.01
-
s |
e L1 I
{532 ol
S
]
9 1
=
=
0 ; =6 [t
GTtreated  Controls

In vitro study of MHC II Splenocytes
with ConA Stimulation

Fig. 1. Pacent of cells staining positively for MHC T are
indicated on the y axis, Frror bars are SIY in all figures.
One hrof GT weatment (1 pg/ml) of rat splenocytes from
prediabetic rars reduced the percentage of cells bearing the

MHC dass 1T marker significandy (upper graph), ami i

the presence of ConA this effect persisted (lower graph).
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NK cells. NK cells have been implicated in damage to
pancreatic islet B eells. Isolated splenocytes from G-
untreated, 65-day-old, nondiabetic DP rats (with or
without ConA stimulation) were incubated for 1 hr
with GT and labeled with FITC-conjugated anti-NK
mAD,

percentage, but no difference was seen with ConA

GT orrearment increased the relative NK cell

stimulation (data not shown), suggesting thac GT does
not exert its effects on IDDM through NK suppression.
NK staining of lymphocytes from rats treated with G'T
compared to the untreated contrals showed no
difference, regardless of whether or not the cell

suspension was exposed to ConA,

CD5* lymphocytes. Because prior observations
revealed GT-mediated morphological changes in
splenic white pulp pointing to an effecc on T cells (1],
CD5 stain was used to determine the percentage of T
cells in lymphocyte preparations from both in vitro

and in vivo experiments, Lymphocytes from non-GT-

treated rats were exposed to GT or vehicle and aliquots

were stimulared wich ConA ar lef unsamulared. This
Pan'T staining did not show a response to G rreatment
in vitro, and ConA had no effect on these data, GT
treatment of prediabetic rats showed no difference
berween CDS stining of contol and GToreated
animals, ConA stimulation had no additional effect

0on 111(‘%(} d;l{;i.

CDS8* lymphoeytes. While Pan'T markers showed no
sensitivity to G1, subsets of lymphocytes did. CD8*
T splenic lymphocyres were evaluated in a method
similar to that described for CD5' cells. Lymphocytes
mcubared with GT in vitro withour ConA sumulation
showed a relative increase in CD8™ lymphocyres (Fig,
2), and this difference was enhanced by ConA
stmulation to 3% above counts obuined in the
absence of GT reatment. The resules obtained from
in vivo treatment with GT were not as pronounced,
and ConA sumulation did not create a distincton
between in vivo Gl-reared CDEY lymphocytes and
controls (data not shown).

CD4" lymphocytes. CDA™ T lymphocyte subsets were
examine inan in vitro study that involved 1 hy
incubation of splenic lymphocyte suspensions with GT

with or withour ConA stimulation,  As shown in

16
t-test: p<0.05
ol -
k=3
EE:’ 12 T o
v
2 1
@ 10 - -
2 8
£ " T N
g 1
3 6r
w0 4t )
o 4
J
2 -
0 n=H n=hH
GT treated  Controls

In vitro Study of CD8" Splenic Lymphocytes

t-test: p<0.01

6~ ;mw%m ’“

CD8" Lymphocytes (%)

‘| |

.l !

0 n=6 n=b B
GT treated  Controls

in vitro Study of CD8’ Splemc
Lymphocytes with ConA Stimulation

Fig. 2. Lymphocytes suspensions reated for 1 hr with | pg/
ml GT showed a relatively larger proportion of cells staining
with the anti-CD8 antibody (upper panel) and dhis effect

was accentuated by introducing ConA (lower panel)



Fig. 3, G -treared lvmphocytes contained fewer CD4?
cells than did populations of untreated control cells,
ConA enhanced the difference between Gl -ureated
mphocytes and G Tuntrened controls. Control cells
not treated with GT had more than twice the
percentage of CDAT 1 Tvmphocytes that GT teated
coll suspensions had, When GT was administered
chronically to D s, no dear effeccof GT onsplenic
CDAY populations was found, and ConA did notaffect
this telationship {dat noe shown).

RI6* lymphocyies. Fxaluwaion of RT6" cells was
conducted according 1o both in vitra and in vive
prawoeols as with other spleen cell phenotypic markers:
however, Huorescent intensity, rather dhan cel number,
measured RT6 cell staining. This techmque was
requited by the lack of a distinet RTO cell population
that vould be separated from non-sraining lympho.
evtes. The mmemnt of RT6 staining was significandy
micreased among cell suspensions treaed wirh G (Lig,
32, and while ConA did not enhance this difference,
the ditterence yemained significant for ConA- treated
cell suspensions,

For the study of RTG in vivo, mats received (1
mjections o1 control mjections, Analyses wore dene
ws i the inovigo stadye B 4 also shows thar the
mean RE6 staining index was 1156 in G oreated
samples and 0.856 in GT unireated contrals, a
diffcrence which was sttstcally signilicont. ConA

ceavnent did nor dliminace this stpnificam effece,

Metabolic acrivity. U0 may have an effect omimmine
cells by inhibiting metabolic or proliferative activity
ol lymphovvies, The metabolic acivity of Jeukoeytic
suspensions was measured with the Al Blue
technique and, as shown in Figo 5, a4 significan
reduction 1o celludar metabolic activity resulied {rom
caposwre o G This effect was not revessed by the
addition of ConA.

Apoprosis anadysis. The level ol apoptosis was studied
both i cells derived from GTrreated animals and from
untreated animals whose spleen cells were treated with
G i vico, The apoprosis of DP rac lymphoeyies
was also studied with or without ConA srimulation,
sice apoptosis may be enhanced or suppressed when

superimposed on eywokine producrion, recepror

Frspeniodogivad effevts of glistoxa: in i a7l

3
t-test: p<0.01

7k -
£ e "
e OYRITE Bt
g sp t .
sy
g 4 :
£ -
E 3p i &
- !
o sl
+ A s -
Q{f
o
w1 y

b n=h
GT weated  Controls

In vitro Study of CDA” Splenic Lymphocytes

b - 3
? et pei.01 - |
o
;’%‘ 6 L i
3 b
3 k
g
& ) .
£ E
&
= L . A
5 3 o
o P4
+ AR o
2 i
o . :
I ;
PO UM .. LB
O wgated  Conwols

In vitro Study of CD4” Splemc
Lymphocytes with ConA Stimulation

Fig. 3. Lymphocyies sbimad from non GV ueaed sy
were cxposed 10 G (1 g/ml For | hr) inviteo, This resalued
i asignificant decrease in CD4-swinimg cells compared w
antreated controls tupper panel). ConA accentuared this

ditkerince ower panel).
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t-test: p<0.01 t-test: p<0.05

12 - + -
09 ...},ﬁ, —

0.6 -
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=¥

03 =

Mean Channel Number Index
i
{

Mean Channel Number Index

00 n=6 =6 0.0 n=5 n=5

GTreated  Controls GT treated  Contrels

RT6" T Cell Staining of i vitro Study RT6" T Cell Staining of in vivo Study

t-test: p=0.05 t4est: p<0.0]

1S .

0.9

4

06 -

03 w

Mean Channel Number Index
j - ;
Mean Channel Number Index

00 g 0= " oo n=s n=4
GT weated  Controls ' GTtreated  Controls

RT6" T Ccll Slainingpf in gltr() Study RT6" T Cell Staining of in vivo Study
with ConA Stimulation with ConA Stimulation ’

Fig, 4. RT6™ cells exist in very low abundance in diabetes-prone raes. Therefore, RT6 marker was measured by means
channel index (see methods) only for those cells staining for RTG. As shown in the upper left panel, GT treatment of
diabetes prone rats (in vivo) increased RT6™ staining and ConA did nor alter this relationship (lower left panel). For the
parallel in vitro experiment, the difference between GT-treated and control cells was also significant, and the difference was

not abrogated by ConA stimulation,
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00
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In vitro Metabolism Study of
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Fig. 5. Metabolic activity of leukocyte cultures was based
on Alimar Blue color change, Increased absorbance at 650
nm (y axis) indicates increased mewbolic acdvity, GT
treatment of rat leukocytes significantly decreased oxidarive
metabolism (upper panel) and ConA failed 10 restore GT-

treated cell metabolism (lower panel).
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expression, and T-cell proliferation. As illustrated in
Fig. 6, GT-treated splenic lymphocytes showed 23.6%
apoptosis, a level significantly higher than the 6.0%
seen in untreated controls, When repeated with ConA
stimulation, this same experiment showed a 4-fold
difference, as it did without ConA (p < 0.01).

In vivo GT treatment pr vided results which were
not as pronounced as with in vito GT treatment,
Splenic lymphocytes from GT-treated DP rats showed
19.67% apoptosis, compared 10 7.50% in untreated
controls (Fig, 6). ConA stimulation of lymphocytes
recovered from Gl treated or control rats showed a
significant difference in apoptosis levels, with 6.3%
apoptosis in splenic lymphocytes from Gl-ureated rats

and 2.6% apoprosis in those from untreated controls,
Discussion

Although various methods 1o lessen the immunological
effects in autoimmune diabetes have been studied, none
has proven ideal for prevention or treatment. Studies
have indicated thar GT has inhibitory effects on the
immune system [7,8.9] and decreases diaberes
incidence in DP rats, although the mechanism has not
been reported {11, We proposed that GT may function
as a selecrive immunosuppressive, since it appears o
influence several regulatory T-cell subsets without
causing the same reaction among all lymphocyte
subpopulations. Such a non-global effect is important
because the clinical promise of immune modulator
therapy requires selective rather than universal
Immunosuppression,

To understand G5 effects on the immune systems
of DP rats, we examined lymphocyte subsers in
prediabetic DP rats. These analyses were conducted
on isolated cells treated with G and on intact animals,
z’\llhungh isolated cells are more sensitive to Gy
effects, invivo studies are essential to establish the value
of G'T, as was previously shown in demonstrating its
efficacy in diabetes prevention [1]. Information
regarding the pharmacokinetics and pharmaco-
dynamics of intraperitoneally administered GT was
beyond the scope of this study. In vitro, we were able
to control G aca 1 pg/ml level, but in vivo we gave
doses on alternate days thar would not be expecred 1o
exceed 1 fg/ml. Even if a steady stte were reached,

we would expect thar steady state level o be below the
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Fig. 6. Lefe panels depict the role of G in inducing apoptosis in cells obtained from non-G 1 treated rars. Right panels
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treated rats were not significandy increased (upper right panel) over controls, but with the addition of ConA (lower right
panel) the difference became significant,



I ug/ml level. Therefore, the fact that we observed

more profound effects of GT in vitro than in vivo is
not surprising. This conservative dosage schedule could
be expected to have a less profound effect on lympho-
cyte populations than that observed when isolated cells
are placed in direct contact with GT in vitro. However,
i our prior study, this dosage schedule resulted in
altered di AI‘KIHL;(’H( sis {1].

For this study, we viewed cells in functional
categories of antigen-presenting cells (APCs), cytotoxic
effector cells, and regulatory cells, since any of these
mechanisms may play a role in autoimmune
pathogenesis. The functions are associated with cells
bearing specific markers, but results must be interpreted
with caution because broad f*awgorivs of lymphocytes
do not completely and uniquely correlate with
functions.

Because GT failed to prevent diabetes when
treatment was begun late in pathogenesis in our
previous study [1], the present study focused on earlier
intervention during the prediabetic period. ConA
treatment was superimposed in this study, since this
mitogen induces Tcell proliferation and enhances
I

may increase sensitiviey of Teeell subsers o G'T We

cytokine production and recepror expression, which

did not consider using other leukocyte stimulanis such

as those that pn-tc'rc atially affece humoral responses,
since most investigators consider cell-mediated
responses most refevant to the pathogenesis of diabetes,

One of the prevailing theories of autoimmune
pathogenesis implicates fanlty antigen presentation in
diabetes development. Antigen presentation may also
stimulate regularory T-cell acrivation and enhance
autoimmune pathogenesis, The activated regulatory
1 cells may also increase the activiey and/or number
of APCs to further enhance the autoimmune antigen
Fm‘ this
1 eells,

which include APCs that may ill;lppl‘()pl‘i:llcl)’ display

presentation and the autoimmune process.,

FERSON, We im*c:ﬂigaisd GT's effect on MH

sclf-andgens as foreign and induce autoimmunity.
Discernible effects of G on MHC 1 cells were limired
to a subpopulation that was selecred o include larger
and more granular cells than lymphocytes. This
strategy should have excluded most B lymphocytes,
which are probably of litde consequence in the antigen
presentation pertaining to autoimmune diabetes. This
analysis showed tha ac lease some MHC I cells were

b
I

Immunological cffects of gliotoxin in rats

climinated by GT, although the result was not
profound, and suggested that APCs were probably not
the major target for GT.

Evaluation of NK cells, which may participate in
late stages of diabetogenesis, in GT-treated lymphocytes
and controls showed no significant difference. This is
not surprising since a previous study showed that G
treatment beginning ac 40 days of age was incffective
[1], implying that effector cells acting in the late stages
of pancreatic damage are probably not the wrget of

GT's beneficial effect.

Our present study revealed changes within
We focused
CD&*, and RT6?
general are probably

different Tocell subsets treated with GT)
on cells bearing the CD4?
phenotypes, Because T cells in
too broad a category o delineate GT's effects, we were
not surprised o find no clear effect on CD5* cells.
CD4aY, CD8*, and RT67 cells possess functional (such
as cytotoxic) and regulatory (such as suppressor and
h:ripu) roles in normal and abnormal immune
responses, CDAY Tecell percentage was decreased and
CD8* Tcell percentage was increased in in vitro
experiments,  Similar resules were obtained i vivo,
but statistical significance was not attained due o the
limited number of animals. Together, such results
portray G as a selective immunotoxin or immuno-
modulator, a key properry for a useful immuno-
(hg-upcum drug,
Chatand C1

roles in models nf type |

8% lymphocytes have documented
diabetes and ather auto-
immune diseases,  Swdies showed that both CD4?
nd CDEYT
transfer of discase with diabetic sp sleen cells into young,
NOD mice [10] and irradiated adult NOD mice [ 11,
121, bur the relative roles of the two subsers remain
CDAY T cells from donor NOD mice
were critical for diabetes gk-\»fclopmcm in T cell

depleted NOD mice [13]. Purified CDA* T cells from

diabetic donor spleens transferred discase at low

cells were required for successtul adoprive

controversial.

efficiency in immuanodeficient NOD mice, although
purificd CD8" T cells did nov [14]. Other studies
indicared thar the role of CD4AY T cells in diabetes
pathogenesis was o recruit CD8Y T cells as fina
16]. One CD4?
I-cell clone (BDC-6.9) was shown to rranster diaberes
without help fromhost B eells, CDAY T ¢cells or CD8?
Teels 1171 A second CD4AY Tecell clone (BDG-2.9)

effecrorsin islet B-cell destruction [15,
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only induced diabetes when CD8* T cells were present.

Different T-cell clones require different Jevels of

BDC-6.9 cells arise later
in the disease process and can actalone. Because BDG-

accessory cell involvement.

2.5 cells may be representative of the carliest
diabetogenic CD4Y T cells that require help from
CDEYT cells, they would be an appropriate cell subset
to investigate in future studies
When an individual becomes diabetic, the CD4*
Tocell percentage increases significandy, and the CD8*
Tocell percentage declines slighdy, A human rype 1
diabetes study [18] indicated that CD4Y and CD8?
Tecell subsets were 38% and 27%, res spectively, before
diabetes and 44% and 26% after diabetes develaped.
T D4/CDE
observed decrease in CDAY T cells, increase in CDEY
T cells, and decrease in the CDA/CDE T
noteworthy because they are con

he ratio of € T cells was also increased, Our
el vatio are
sistent with a beneficial
effect in autoimmune diabetes, although the effect was
limited 1o in vitro observagon,

4

Interestingly, the RT6" marker on mature

tymphocytes is detected only at a very low level on a
small number of cells in DP rars, In diabetes-resistant
(DR antmals, it is present on 40-60% of mature T
ymphocytes. Explanations for the RT6F Tocell subser
deficiency include premature cell death and gene
regulation defects, Although G tearment did not
restore normal levels of RT6Y cells in DP raws, it
increased the apparent amount of RT6 surface marker
in vivo and in vitro, The level of fluorescent intensity
was used to identify the effect on RT6 expression,
Previous investigators have underscored the
importance of the RT6 surface marker among DP rats
in conerast to DR rrs av different ages. Neither RT6.1
nor R16.2 was found on DP rac T cells, bur these
surface markers were }mml on T cells of other raw
191, A soluble form of RT6 rar lymphocyte allo-
antigen was detected in serum of DP and DR rats by
Western blot analysis, but DP raws circulated less RT6

alloantigen than did DR raes {20], Anu-RT6.1

antihody njection into DR rats depleted =95% of

peripheral RT6M T
circulating T cells or the in vitro response of spleen
cells to mitogen. 1 this treatment was started ar 30
days of age, itinduced diabetes in DR vats, bucif sgarted
at 60 days of age, it failed to produce these effects [19],

The immunoregulatory function of the RT6* T-

" cells, but did not reduce levels of

cell subset has been confirmed by many studics, and
the absence of RT6 surface marker in DI rats was
investigated by Crisa et al [21]. They discovered an
mRNA encoding RT6 protein in spleen cells of DP
rats, and the nucleotide sequence of this transcript
revealed an intace coding region for the RT6
alloantigen. In addition, RT6 mRNA was translated
in vivo, but the amount of RT6 protein in DI’ rat
lvmphocytes was less than 10% of the amount found
in DR yac lymphocytes. The intace phosphatidyl-
inositol linkage of the molecule to the cell surface was
detected in DP rac lymphocyvies by immuno-
precipitation. These investigators concluded that
defects in RT6 gene regulation or other cellular defects
led 1o premarure cell death in these animals.

We detected higher anti-RT0 immunofluorescent
staining, in G Toireated splenic lymphocytes, which may

have resulted from enhanced expression of RT6 protein

on the surface of lymphocyies after exposure o G
Direct investigation of RTG6 protein levels would be
’pp:‘npfi‘u{* to vg‘;‘if}f this ;::atpl;m;uizm, After gene
Hatory

proteins are involved in translation, modification, and

transcription, a series of enzymes and regu
protein targeting, and a role for G could be postulated
ar various steps, Although G treatment failed o
restore I’j’(’)t i X "“’\ [£8) l{ Y{‘i?ﬁ {;()ﬁ};}'il“l;‘l * 1O 11’1(‘)?1(,' 500N
in DR and other normal rats, more RTG protein on
the lymphocyte surface was observed, which may
increase immunoregulatory funceion and in tarn resul
in (icﬁ‘x;l’&,‘;if&(’(i [5ch§ foss.

An area for future investigation is cytokine
funcrion, which has been linked with diabetes
Helper T

lymphocytes (‘l‘h? (mostly CDAY) and cyrotonic T

pathogenests, and it modulaton by G
lymphocytes (T0) (mostly CD8") are characterized by
particular patterns of cytokine production. These
patterns distinguish Th1 from Th2 cellsand Tel from
Te2eels, Thiand Tel'l
Y, which appear 1o be positvely related 1o <|i;|l3ctcs.

A4, 15, and 1L

which inhibit <|1;al‘)(:(cs {221, Some evidence from llm

Teells pmdm‘t L-2and TFN-

Th2 and Te2 T eells p roduce 1

study may indirectly link G'T function 1o ¢ywkine
production,  For example, ConA stimulation, which
elicits cyrokine secretion, enhanced Gl-induced
apoptosis. The difference in CD8 T-cell percentage
between G-reated lymphocytes and controls was

widened hy ConA stimulwion,  GT wearment may



enhance production and function of diabetes-
preventive cytokines and inhibit diabetes-promoting,
cytokines. This relationship may be investigated in
vitro and in vivo as appropriate rat anti-cytokine probes
become available.

Three possible explanations for the GT-induced
changes amor g T cells are lymphopoiesis, selective
proliferation of T-cell clones, and toxic effects an
specific clones. Prior studies suggested that GTT
probably did not have an adverse effect on stem cells
1], We examined the ability of lymphocytes 1o
proli fs;ttm in the presence of ConA and found that
GT significandy inhibited lymphocyte metabolism in
vitro ;md that this effect was not overcome by ConA

fatled to
show a significant response to ConA, raising the

{dats not shown). In vive Glareared cells

question of whether G persistently blocked the
proliferative ability of these cells,

The finding that GT can induce apoprosis of

lymphocytes both in vitro and in vive may explain the
decreased CDAY Tocell percentage with G trearment
and identify lymphocyie climination as a likely
cxplanation for the changes in Teeell subsets. Some
reports indicate that GT induces apoptosis in different
cell types in the immune system, including
macrophages [23.24], splenic lymphocyres [25], and
|

T hlasceells (231 GT

and enhances lymphocyre activation [26].

lso o iz’”& 5 Ce

&)

i\”!f;u( I(L(}JHHS
This study
is the only report that shows that GT can enhance
lymphocyte apoptosis both in vivo and in viero,
Apoptosis 1s an important mechanism by which
the immune system eliminates harmful cells and
controls immune responses. Although several
apoprotic mechanisms have been studied, Fasand Fas
ligand interaction is among the most important for T-
lymphocyte apoprosis. Normally, APCs express self-
antigen as a complex with MHC, This complex
interacts with Tecell receprors on aworcactive 1 cells,
Activation of these T cells induces Fas and Fas ligand
T cell-

climination of harmful T cells through Fas ligand

gene expression, I cell interaction causes

binding o its cognate recepror [27], thereby preventing
development of autoimmune discase.

We do not know the precise mechanism whereby
GT promotesapoprosis. G may activate certain types
of 1" lymphocyres through wiggering of surface

receptors. This T-cell activation could increase Fas and
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Fas ligand expression and enhance apoptosis. A second
possibility is that GT directly binds Fas protein on the
Tecell surface, thereby triggering Fas receptor as Fas
ligand normally would and resulting in apoptosis of
target T cells. Finally, itis possible that GT, which s
relatively hydrophobic, passes through the lymphocyte
cell membrane and binds specific cellular components.
The disulfide group of GT may bind sulfhydrvl or

disulfide groups on target proteins, 1 these GT-
binding, pm(cim are involved in regulating the cellular
processcs, sm} “protein interactions could enhance
apoptosis |28]. I’m";msc ConA sumuladon, which
(ﬂ}l ANCEs sut fau &gupgm pim{ 1¢1 mu W d&ﬂui I‘}K‘
difference in apoptosis between GTotreated cells and
untreated controls, a direct triggering of Fas receptors
by GT seems possible,  Additional investigation will
be required to confirm this proposed role for G1

Because GT induced apoprosis and altered the
relative abundance of certain lymphocyte subsets, we
inferred that apoptosis could account for T-cell subset
changes. To verify this concept, we would need 10
show thatapoprosis occurs in the same cell subsers that
we found to be decreased by GT trearment,

We have demonstrated thar changes in T-cell
subsets that occur with exposure 1o GT may be
consistent with a salutary effect i inhibiting diaberes

in DP rars, Further, we have suggested that these

changes could be related 1o GT s apoprosis-promoting

ability. The current work has helped o define some
of the cell types and cell funciions that need further
investigation as we seek to understand the immuno.

mmiui;um'y effects of GT
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