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1. L/ACLGROURND/INTRODUCTIOKS:

Leprosy 1is a chronic infectious disease characterized by a
uniqu¢ spectrum  of human immune recsponses to a single ccusative

agent, M.leprae. Jjepromatous patients, at ore extreme, ere

-leprae in

X

alrost totally but specifically non-responsive o
vivo and in vitro ; strong delayed hypersensitivity and cell-
mediated immunity (CMI) mark tuberculoid patients et the other
extrere, and most patients exhibit various intermedieate
(borderline) CMI responsiveness. Various dcfects in CMI have
been denonstrated both in vivo &and in wvitro, especielly in

lepromatous patients, but their vnderlying cause and paethogenesis
ere unknown.

kecent developments in immunology &nd moleculear biology now
make it plausible to hypothesize that the range of aberrant CMI
in leprosy is due to inadequaie or inappropriate production of
IL1 and/or IL2 by host moronuclear cells, resulting in a range of
immunoregulatory disturbances 6s is observed in the
immunopathologic spectrum of leprosy. If this is true, host
might b2 modified by immunotherapy to

immunity te M.lerra

]

"normalize" IL1 and/or IL2 production or responsiveness; if
falsge, it would exclude a number of presently known
immunoregulatory mechanisms and re-direect work toward other

immune cells and interactions. This hypothesis will be tested as

follows:



o Py duntion of TLY Lad TIo Production Yy Vitro :
Pavintconl o blood  mononueloar Teukocytes (PBML) will be
obtained from healthy volunteers and various types  of  leprosy
natients, classified clinically wnd pntholqgiCdlly. The PBML
will be stimulated with concanavalin 4, phytohemﬂgglutinin, or
M.leprae antigens to produce TL2, which will be assayed using an
IL.2-dependant cultured T cell line (CTLL-2). Adherent monocyles
from patients’' POUL will be stimulated with lipopolysaccharide

(LPS)  to produce ILY, which will be assayed using a mouse

thywocyte bioassuy.

2. Evaluation of Patient Lywphocyte Respousiveness to
Kxogenou, IL1 oud ILZ2 .5 Possible Immunowodulators
In Vitro.

111 Qill be obtained from supernatants of LirS-stimulated
cultures of normal human wonocytes and from commercial sources.
IL2 purified from products of n recombinant DNA bacterial strain
is availuble from anothor laborutory. PBMI of different Lypes of
leprosy  patients, with or wilhoul thesec lymphokincs, will be
assayed for their ability to divide in response  to mitogens,
purifieed M. leproue-derived and/or synthesized antigens, and
control anligens as a measure of T cell responsiveness. B-cell
response to pokeweed mitogen will be ncasured using a modified
reverse hemolytic plaque assay (PFC) and tl: secretion of IT¢gG and
IsM will be meusured in culture supcrnatanty using ELISA

techniques.

Ju



3. Letesidnution of Celd Tyses Required for iL2 Production.

S

‘e

defects in IL2 vroduction are demonstrated in the above
studies, PHOMI  frou healthy persons and Ieprosy patients will be
scparated into monocyte, B-lymphocyte, T-helper and T-suppressor
lymphocytes population by monoclonal antibody rosctting
techniques. The different fractions will be assayed in different
combinations to determine a) the cell Lypes necessary for optimal
TL2 production in response to mitogens and M.leprae antigens, and
W) whether any obscrved defects in IL2 production by leprosy
ontients’ lymphocytes are due to a consistant dysfunction of
Pacticulur subset(s) or combinations. It such a defect ig
ohorved,  relevant cell subsetls frow HLA-D-matched patients and
healthy iudividuals will be co-cultured to see jif such defects

can be reversed.
2. OBJECTIVES:

The overall objectives of this research projc=t are :

(1) To determine the capability of wonocytes und lymphocytes
from leprosy patients and healthy ~ubjects to produce
ILl and TL2 respectively.

(2) To ausess the effect, in vitro, or cRogenous IL1 and IL2

on lywphocytes from leprosy patients.

(3) Determinacion of cell types required for 112 production.

@



T.oOMATREYAYS AND MRTHODS

Pl Y. »onuevIod Anc DETRLMINATION OF YL1.

. Eenarution and Purification of Nunan Monocytes.

en  to twenty williliters of heparinized blood is obtained
irom subjects. The Dbleod is diluted 1:2 with sterile 0.01 M
phouphate buffer saline (PBS) pH 7.2 and centrifuged on Ficoll-
Hypugue, The peripheral blood mononuclear leukocytes (PBML) is
collected, .wnshed 3 times with RPMI 1640 media, cell
cencentrations adjusted with RPMI 1640 containing 100 units/ml-
seaicillin, 100 ug/wl streptomyecin, 2 wd L-glutewine and 10% heat

rceityeted fetal calf se. uw (1res).

&

Phl 2x10 0 cells in 2.0 wml media are added onto a 35x10 mu .,
nlastic plates, incubuted at 370C 5% CO for 2-4  hrs, Non-
wdherent cells are washed of f 3 times wi%h LOx  FCS~-RPMI 1G640.
POMI,, non-adhcrent and  uwdherent  cells are stained with
nonsnecific esteruse stain (NSE) . The exact number of monocytes

et Cring on the plute is calculated and the concentration of
wnocytes cun be achieved by udding a certain amount o1 10% FCS-

RPMT 1640 ..odia.

2. Production wuud Quantitation of IL1.

2.1 sroduction of ILY.

The adhered wonocyte or normal or leprosy paticents on
5
plastic plutes are adjusted to 2x10 cells/ml by adding various

amounts of 10% FCS-—-RPMI 1640 - umedia. Twenty ug/ml of
o
Yipopolysacchauride (LPS)  are added und incubuted at 37 C, 5% CO
2
for 24 Loars. Cell suupension is colleected and centrifuyged

u



und suncrnntants assayed for LY.

2.2 Q. atitation of TYILY.

Thymocytes from 8 weok 0ld BALB/C inbred straian mice are
used as the indicator cells in TL1 wssay. Animals are killed by
cervical dislocation and the thywus gland removed under  sterile
conditions. Thymocyte suspension  is  propared by gently
howogenizing the thymus gland in o sterile mesh with a sterile
rubber plunger. The thymocytes are washed twice with TIL1 media,
counted, and then adjusted to 8x107 cells/ml.

Sumnles for ITL1 ussay are diluted 1:2, 1:4, 1:8 and 1:16 by
TLY media with a final volume of 600 ul for each dilution. One
Losadred microlijiters of thywocyte suspension ure added to euach
tube, and thoroughly mixed. Thirty microliters of 'HA-P (conc.20
ug/wml) are uwdded to each tube and wmixed.

All TLl sawple dilution. are assayed iu triplicate using 96
well tissue culture Plates.  Two hundred wicroliters of the above
mentioned mixture .ce Pipetted Iunto each well. The microtiter
ti.sue culture plates ure incubated at 3700 5% CO for 72 hours.

2
Thymidlne incorporation into DNA is meusured by udding 25 ul opf
tritiated thymidine (8 uCi/wl) into cach well, mixed, und
incubated 2 hrg.

The culture is harvested onto glass wmicrofiber Tillers using
a ceil harvester. Th; glouss microriber filters are dried at roomn
temperature overnight und trunsferred into scintillation counting

vials containing 4.0 ml Liguid seintillation cluja. All samples

arc  countoed in a liquid scinlillation counter (LS 3801 Beckman



Liapdd Scintillation Counter, Beelmin  Scientific Instruments,

Inc., Fu'lawvton, ca 02634 U.5.4.).

Dot TI. PRODUCTION AND DuvURHTUATION OF ILZ.

1. Production or 1L2.
6
PRBML, 1x1l0 cells/ml  are stimulated with 2 ug/ml  PHA-P

(Wellcowe), or 40 ug/ml Con A (Sigma) or 10 ug/ml PPD
[8]
(Connaught), incubated at 37 ¢ 5% CO 18 hours for I'{{A-P and Con
2
A acd 48 hours for PPD. Cell cultures are harvested and

centrifuged, superuatant added  with 10 mg/ml  of & e thyl-n-
Lunnoside, fillered sterile and stored at ~7OOC for IL2 assay.
2; Assay of 112 Activity.

Tested samples are diluted in scerial dilution 1:2, 1:4, 1:8,
1:16 to 1:256 with IT] wedia in 100 ul voluwe in each wcil of a
86 well tissue culture plates. One hundred microliters or twice
wiohed  CTLL-2 contuining 8x]03 c¢lls/100 ul are added into each

3

well, mixed, and incubated 24 hours, Fifty wicroliters of H-TdR

containing 0.2 uCi/60 ul are added into cach well and incubated

for 18 hours. Cultur.:s are harvested onto glass riber fijicers
d
nud H=Tui incorporution iy determined by a Liquid sciutillation

counter (Beckman LS 3601).

PaRT ITI. PROBUCTION AND DETERAINATION O INTERFERON.

1. Productlion of Interferon.
6
PBML, 1x10 cells/ml, stimulated with PHA-P 2 ug/ul or Con A

u
40 uwg/u or 'Y 10 ug/wl wt 37 ¢, 5% Co for 18 hr .. mitogens

)
P



und 4y hr  For antigen. Supernatants are collected and kept

pio =n2a 0,

2. Azsay of Iaterferon dctivity.

Fested samples are diluted in serial two fold dilutions from

1:2, 1:4, to 1:1024 in 75 ul/well in a 96 well tissue culture
plate. Well  numbers 11 and 12 are  virus and cell controls

5
respectively. FL 6-1 <celly are added, 75 ul/well (1.5x10

cells/ml). After 24 hours of incubation, 50 ul of Vesicular

Stowatitis Virus (VSV) is inoculated into each well containing
‘4 .

Hx]O‘ pPlagque forwing units (pfu), except the cell control wells

hich ure filled with VsV free-culture media. After 24 hours of

incubation, complete or 100% CPE is observed in virus coulrol

Vells, while in cell controt wells FL. 6-1 is coumpletely intact.
Ccells in cuch well is fixed wilh 105 forwmalin for 10 ninutes

and  then .tlained with U.4% crystal violut in 70% methanol for 8§

minutes. Antiviral wctiviity is expressed in interferon titer
units, It is defined as cne reciprocal of the highest dilution
of the nsawple reduced by 650% of viral plaque. In our IFN assay,

refecent luboralory stundard TFN were produc.d by PHA-P (2 ug/ml)
6
stimulation of 2x10 cells/ml humon PBMIL for 18 hours.

PARYT IV, LirROMILATION O) CELL TYPES REQUIRERD FOR IL1 PRODUCTION
1. PBML. leparinized blood was underloid with Ficoll-
Hypaque, centrifuged L 400xG for 30 win, Generally we gelt PHML

with more than 95x% puriltly.

2]



o eviag, Two milliliters of 1x10 ,..1 PBML were added
o
ENED v nlustic pilute, incubated at 37 ¢ 5% €0 for 2
2
hovrey, Non—-adhecent celly were vashed out twice with warm RPMI

onin g

cedium, Adhcrent  cells on Lhe pPlastic plate were positive for

nonspecific estern,e staining more than 90%.
6
3. T cells. 7Ten williliters of 2x10 /wl PBMIL were added into
0
« Nylon .uol colunn, incubated at 37 ¢ 5% CoO for 1 hour. Non-

2
adhercnt cells were then eluted with war., RPaT  wedium. The
resulting non-adhercnt cells were rosctted with AET-SRUC
)
over Tahy gt QLC. The rosetted 1 cells were separated from non-
mosatted cells by Ficoll-Hypuque gradieont centrifugation. AET-
SLC were lysed by hypotonic aummwonium chloride solution. When
this ALT-SRBC roscetbting cells were mixed with AET-SRAIC, more than
056% give rosectte formation.
5

4. IL2 production. Two milliliters of 5x10 /ml T cells were

edded onto Plustic plate containing autolugous or heterologous

monocytes. The cell mixtures were then stimulated with 2 ug of
PHA-P for 18 hours. Supernatants frowm cell culture were assay.d

for 112 activity by CTLL-2 proliferation.

PART V. DEVELOPLENT OF NEW TuCuNIQUE.

At the present tiwe we can only detect the level of IL?2 in
the culture fluid. However if we have a technique whicli will be
able Lo quantitate the numbers of cells producing IL2, we will
open  up  new possibilitic, in the study or the iwmunorcygulatory

role of IL2 and 1.2 production


http:adher.nt

hove o lopad a ned fechnique which can quantitate the
nriter of YIf2-mrgducing ooty rom rat spleen. We have also now
Tiniehd adavting this technique Tor the human system. Our

research urticle entitled, "Enumeration of Interleukin 2 -
Producing Cells from Rat “.,leen"”, has been published in "Asian
Pacific Journal of Allergy and Tmmunology 5:129, ragr. " The
other research article catitled "Agar Plating Technique  for
Enumeration of TLZ2-Producing Cells in Human  Peripheral Blood

Mononuclear Leukocytes" has beon submitted to the "Journal of

Tmmunologsical  Methods" for publication.

4. RESULTS

1. PRODUCTION AND DLTELmIdATION o IL2.

Approximately 30 LL/BL,4 BB, 23 BT/TT and 20 normal subjects
were studicd for IL2 production in this rescarch period.
IL2 production from PBML of LL/BL, BB, BT/TT and normal subjects
is not significantly different when stimulated with Con A or PIIA-
P (figures 1 und 2). However, when stimutated with PPD, IL2
production irowm LL/BL, BB and BT/TT patients arve significantly
lower than normal controls (figure u).

We are Lrying Lo see the elfect of suboptimal doses of PHA-P

und Con A on L2 production of leprosy patients and
normal subjeets. When suboplimal doscs of PHA-P used at 1, 0.5

and  0.25 ug/ml (optinal dose of PHA-P = 2 ug/ml), there is no
sigaificant difference  in I'LZ  production by PBML in LL/B1L

patienls  and norwal controly ut any PHA- concentrations (Figur.:



ay, When subontincl doses of Con A used at 20, 10 and 5 ug/ml
(ontilel dose of Con A = 40 ug/ml), there is also no significant
differencc in IL2 production between LL/BL patients and normal

controls (figure 5).

2. BF¥XCYS G INTERLEUKIN 2 ON PRONUCTION OF INTERLRUKIN 1 RY
HONOC  ws.,
Various concentrations of interleukin 2 produced by Luwman
POML  stimulated with PHA-P in our luboratory are incubated with

wmonocvtes for 2 or 5 hours, washed, then stimulated will Lrs.

Voeay .o of inteoleukin 1 g assayed by nmouse thymocytes
nroliferation. Figures 6-10 show cffect of different doses of
TL2 Ga IL1 production by monocytes of LI, patients. Figures 6, 7

and 8 ghow 6 LI pabicents? monocytes preincubated with 200, 100,

50 or 25 units/ml or Lub TL2 for 2 hours, washed, thon atimulated

with Lps, Production of IL1 frow TLZ-pictreated monocyles ar.
not significantly dirferent from the untreated monocytes.

Figures 9 und 10 show the sawe result in 3LL although 112
breincubation period is extended to 5 hours. Figure 11  shows
thymidine wuptake in count per minute (cpu) 6f external standard
(Ultrapurc 1L, Human, Genzyme) and internal standard T and Ir
(Muman T11 produced in ou Tuboratory). Our laboratory produced
IL1 (lot I and LI) have compurable acltivities to the exlternal

standard 111.

12



. WVlon oY Pyor. tsong YIL, £L2 swne IL1 + IL2 on Lywmphocyte
o ceYorietiog Yot wnd L2 Producticon.
TLU or IL2Z or ILl + ILY are mixed with leprosy patients' or
normals’ PBMYL  with or without lepromin or PﬁD. Lymphocyte
R]
trunsformation wus  determined by H-thywidine uptake while 112

level was deterwined by proliferation of IL2- dependent 3-day Con

A blasts.

Figures 12 and 13 show the effeclts of laborutory produced
buman IL1 (Lab. IL1) on lymphocyte transformution of 2 normal and
5 lenrosy  patients’  PBML wilh and  without 1leprowin or PPD
stinmulation. IT1 does not have any enhuancing or suppressing
cffect on  lywphocyte transformation of normal or leprosy
patients’'PBML.

Figures 14 and 15 show cTfect of laboratory produced human
[L2 (Lab. [L2) on lymphocyte Lransformation test of 2 normal and
6 leprosy patients’ PUML with aud without lepromin or PPD stimu-
lation. Figure 14 shows lymphocyte trunsformation in 2 normal
subjects, Both respond nicely Lo 50-100 Units/ml of ILZ (Figurec
144), while leprowin and PPD have strong stiwulating effect until
effect of 1L2 i, masked by lbese antigens (Figure 14B and C).
These 2 normal controls are PPD skin vteot positive. Figure 154
shows the ubility of PBML of leprosy paticents’ response to Lab.
IL2. When lepromiu or PPD is added to Lho cultures, lyuphocyte
trunsformation doge not significantly increase compared to

cultures containing ouly TL2 (see rigure 15A, 15B and 15¢C).

t-t
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Figure 16 shows the effect of exogenous recombinani IL2 on
Ivrphocyte transformation in 2 normal controls. There are very
J¢: response in these 2 normals’ PBML to r ILZ (figure 16A).
. vever, when lepromin or PPD is added a nice response in

Iv: phoecyte trencformation occurs in both normal sulb jects without

gy effect from exogenous r ILZ (figure lSE and C). Figure 17A
slhows 2 LL respond nicely to exogerous r 1L2. Adding lepromin
dces not increzce the response. However, adding PFD increases
t{he response (figure 17B and C respectively). Figure 1BA

iilustrates one LL patient and one BT patient having no response

lo -xogenous r I1LZ. When lepromin is added, only the BT patient
shows a good response, while the LL patient has no response to
boih lepromin and PPD (figure 18B and Cc). Figure 19A also shows

no response to exogenous r IL2 in one LL patient and one BT
atient. tg:in, when lepromin 1is added only the BT ‘patient

sponds, while the LL ;atient does not respond (figure 1¢B).
“.iever, botlh 1LL and BT patienis respond nicely to PPD (figure
18C).

Figures 20 and 21 show effect of IL1 + IL2 on lymphocyte
transformation of leprosy patients and normal FPBNL. PBML is
incubated with 0.5 Unit of IL1 and various different doses of Lab
IL2 with or witlnoul lepromin or PPD. Figure 20 shows one normal
PBML responed nicely to IL1 + IL2 alone or lepremin + IL1 + IL2
orr PPD + 1L1 + ILZ. However, PBML in one LL and one BB patients
respond rpoorly to IL1 + IL2 alone and also poorly to IL1 + IL2 +

lepromin or ILl + IL2 + PPD (figure 214, B and C).

14
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Tisuvre 22 vhows <ifec! of  ocxogenous Lab IL1 on the
. vodurtion of IL2 frow 'BML of one LL patient, one BT and 2 1T
petiente. All leprosy patients c¢o not respond to exogenous Lab
1Ll oi ex.genous Lzb IL1 + PPD.

Figure 23 decpicts c¢ffect of exogencus Lab ILZ2 on the
production of ILZ2 fro: PBML of one LL, o¢ne EL, one BT and 2TT
palients., /11 patients respond nicely to erxogenous Lab IL2,
The eddition of FPD into the culture does not increase IL2
production.

Figure 24 shows levels of IFN production from LL,/BL, TT/BT
and norral controls. Ti.e levels of IFN production in LL/EL,
TT/BT eand normel subjects ecre not significantiy different when
stirulated with PHA-P or Con A (figure 244 end B). However, when
stimuleted with Pi'D, the IFN 1level in no:rral subjects is
cignificaﬁﬂy higher than in 1T/BT ard LL/BL (figure 24C).

~

5. DISCUSSION AKD CONCLUSION

Al this stage of our resecarch, we have completed all of our
research goals except one¢ problem we are working on now, namely,

what cell types are abnormal for IL2 production in leprosy

patiernts?. We expeclt to finish in March 1988. In this research
period, we lave delermined IL2 level:s in approximately 30 LL/BL,
4 8B, 23 BI/TT and 20 normal subjects. The level of ILZ from

LL/BL, BB, BT/TT a4are not statistically different from normal
subjects when PBML is stimulated with nitogens, PHA-P or Con A.
However, vhen FPPL is used as the stimulating agent, there is

significant difference between LL/BL vs normal, BB vs normal and



CVSTT ve norrel.

\'e heve tlro studied levels of IL2 when PBML is stimulated
with suboptimal doses of PHA-P or Con A in 24 LL/BL end 8 normel
centrols. IL2 level is not significantly different between LL/BL
21.d normal subjects when suboptinel doses of PHA-P or Con A is
adced.

Effects of exogenous ILZ2 to IL1 production in leprosy
paticnts are carried out in 9 ILL patients. Exogenous IL2 has no
effect on IL1 production in LL petients.

e tried to study the effects of exogenous IL1, IL2 or IL1 +
IL2 on 1L2 production im lejrosy patients, However, we found
that at least 3 lots of our lepromin were not able to stimulate

1L production even at e very high concentrations (100 wug/m:2).

Therefcre, we have to use lymphocyte trensformation test in this
study., Our stucdy shows that ILl does nct have &ny enhancing or
suppressing effect on lymphocite transformatiol of normal

controls cr leprosy patients.

From our stuc., most of PBML from normal gubjects are able
tc respond nicely to exngenous ILZ. However, some LL patients
respond nicely to exorenous IL2 while some LL patients respond
gcorly. When exogenous IL1 + 112 is added into PBML, 1lymphocyte
transformation responc nicely in wnormel controls, while one LL
and one BB responded poorly.

We tried to see the effeet of exogenous 1L} or IL2 on the
production of IL2. Exogenous IL1 has no effect on IL2 production
in leprosy patients. However, exogenous IL2 has enhancing effect

on ILZ production in leprosy patients.

16



Inter{eron production in wnormal cubjects :ud leprocy
~&ltients hes lLeen studied by stirvletion of PBML with PLA-P or
Yon A or IPD. I'N production from LL/BL, BT/TT and normel
controls is 10t significantly different t‘hen stimuloeted with PHA-
2, or Con A. However, when PRIIL is stimuleted with PPD, the

evel of IFN production is eignificently different between LL/BL

Ve normal; “U/BT vs normel; and LL/BL vs TT/BT.
6. WOERILFL/N FOR TEE KLXT PERIOD

We will try to finish the eveluation of PBML, ncnocytes, T
cells, T helper and T suppresczor ce¢lls from normel and leprosy
ratienis in the regulation of ILZ production. A Tinal report of

811 of our recfearch will be prepared Tor submission to USAID/PSTC

program.

17
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