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3. Executive Summary

The purpose of this project is to elucidate the
abnormaiity in cell-mediated immunity (CMI) in human leprosy in
which it is still ambiguous whether immunclogic unresponsiveness
are related to lymphokine production or the expression of genes
responsible to those lymphokines. Thc project objectives are
divided intn 2 parts: a) to investigate the level and numbers of
IL1- and 1L2- producing cells in leprosy patients comparing to
normal subjects, and b) to investigate IL-2 and IFN- gamma gene
regulation in leprosy of different types und normal sub,zcts and
the relaticn between suppressor T cells and expression of ILZ2 and
IFN-gamma genes.

Problem in obtaining PPD at appropriately high
concentration for our study has been solved by our OWN
preparation. QOur PPD satisfactorily stimulated PBML to produce
high level of IL2, and it will be very useful to other scientists
who require PPD =ince the activities of our PPD are egquivalent to
commercial PPD.

Techniques for enumeration of IL1-producing cells and
levels of IL1 produced were set up in our laboratory in
Thailand. From this we published a regearch article entitled
"Enumeration of ILl-producing monocytes from human peripheral
blood mononuclear leukocytes by agar plating technigue® in the
Journal of Immunological Methods, 140:173-180, 1991. We then
determined the numbers of IL1- producing cells in PBML of leprosy
and normal subjects. There was no statistical difference in both
numbers of ILl-producing cells and the level of IL1 in leprosy

and normal subjects. This suggests that unrespensiveness in
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leprosy patients wunlikely to involve exclusively on the
production of IL1 by ronocytes.

Optimal conditions for IL2 production and assay for IL2
level have been carefully established. All conditions for
quantitation of IL2-producing cells have also been investigated.
There was no difference numbers of ILZ2-producing cells whether
the PBML were unstimulated or with PHA as stimulant. In addition
numbers of ILZ-producing cell in PBML of leprosy stimulated with
PPD produced IL2 at the same levels as those in normal subjects.
PPD-stimulated PBML frua LL patients produced IL2Z significantly
lower level than other typed of leprosy (BL,BB,BT and TT) and
normal subjects.

We have set wup conditions for Con A-stimulation of
suppressor T cells in PBML separation of Con A-3RBC rosette and
nenrosette T cell subpopulstions by messuring plaque forming
cells and IgG concentration by reverse hemolytic plagque assay and
a sandwich ELISA *echnique, respectively. We fcund that Con
A-SRBC rosette T cells showed helper activities. The effect of
Con A-rosetting and non-rousetting T cells on the response of PBML
to PPD and lepromin has been further studied. It was found that,
at the same percentage of T cells added to PBML-antigen cultures,
Con A-rosetting T cells had strongly effect on the response of
PBML to PPD than non-rosetting T cells. The results uadd more
information to our previous study in *tnat the Con A-rosetting T
cells not only have effect on the production of immunoglobulin of
the HMI system but also the production of 1L-2 of CMI system. We
showed that {.leprae wss asble to inhibit IL2- production by PBML

from normal subjects, TT,BT_and BL leprosy patients. We further



elucidated the inhibitory effect of indomethacin on the
suppression induced by H.leprae. There was significant
enhancement of IL2 production in normsl and BT/TT subjects but
no such effect in BL/LL patients. Indomethacin alone had no
direct effect on PBML. Our results should be useful for the
study on suppression or unresponsiveness in leprosy patients
especially of LL/BL types. However, more information is needed
before application for its uses.

From studies on IL2 and IFN-gamma genes, our data show
that the two genes remain inducible throughout the development of
leprosy but significantly below normal in the TT,BB and LL. It
is thus a discernible defect in the capacity of PBML from these
stages of the disease to respond to a general stimulus, mitogen,
as Judged by accurate guantitation of IL2 and IFN- gamma mRNA at
the time of maximal expression. This finding is new. Moreover,
in LL, there is & striking aocsence of superinduction responses
for the IL2 gene, accompsanied by greatly reduced superinduction
responses for the IFN-gamma gene. This implies post-transcription
and suppressor 7 cell dependent downregulation are not operating
normally in leprosy patients. OQur molecular approach is able to
reveal aberrant patterns at various degree of IL2Z and IFN-gamma
gene expression in different types of leprosy, most pronounced in
lepromatous leprosy, but not in the normal controls from the same

area.



4. Research Objectives

It 1is generally asccepted that different clinical forms
of leprosy are associated with varying host defense particularly
to cellular immunity (CMI) to M. leprae (Jopling 1984). However,
the immunological defect(s) leading to the reduction or absence
of CMI to M. leprae in lepromatous leprosy (LL) are not yet fully
understood. Early studies in LL puatients suggested that there is
a generalized anergy or unresponsiveness to various antigens.
Uthers suggested that LL patients at early stages are capable of
responding to other skin test antigens such as coccidioidin,
histoplssmin and PPD, while unresponsive to M.leprae antigen
(Turk and Bryceson 1971, Myrvang et sl 1873; Mandez et al 1874).

Evidence for suppression of the immune response by
suppressor T lymphocytes or monocytes in LL patients were
suggested (Mehra et al, 18789,1980,1984). However, other attempts
to find disease-related suppression in leprosy. have yielded
conflicting results (Bjune 1873, Nath and Singh 19880, Bullock et
al. 1982, Stoner et al. 1982). Leprcsy-specific in  yitro
unresponsiveness was shown to vresult from a lack of IL2
production and can be overcome by the addition of exogenous IL2
(Haregewoin et &l. 1983). It was alsn shown that peripheral
blood lymphecytes of LL patients failed to produce IFN-gamma upon
exposure to H.leprae and defect was restored by the addition of
purified human IL2 to the lymphoeyte cultures (Nogueira et  al.
1983). In vur study, ths immunoregulatory mechanisms in leprosy
will be evaluated at the cellular level by measuring levels of
IL1 produced from monocytes and ILZ2 from T lymphocytes.

Numbers of ILl1-producing monocytes and IL2-producing T



fymphaeytes  will  be algo stadied.  Moaleculse snelveis on the
genes contralling TL?  and  TFM-@amms  procuaect ion will Lipr

wnvestignted  Ceom Fhe sape grompe of Yeproay  patients and

rcra ) snhijeote Ao bive collabhorst fon hetweeny celinlarp
tmmnology Vahorvatory din Chuang Mal lpidverzity, Thailand,
and A mobeon]lay i tagy Labroratory i Jdernsalen, [arael,

rrovides o b dge hetweon celtalor and moleculor ralysivc af

this  ancient  discsaes Heanltse  of this prodject spe exvpected Lo
prrow ibed vl g iEht bt lo dmmmnncegnlatory  mechanisme  in
leprangy., Our overall s&im  and specific objectives oare as

Follow,

fOverall Aim : The aim of this proicen ig to elucidate
the  abpnormality io ML in buman leprosy by study on the quantity
and Funetional  intactpess of T lymphoeytes predecing L2 and
mortaeytes  procheeing U0 snd particalartly their role in Lhe
regdnbation cF LD el LFH gammns dene cvppeasion in the  disense .

The specific obiective: of this project are as fol lew

1. T tnvest zate the level and  number of  ILL-
producing monooytes from varicons types of leprosy aned normal
snbiects,

a2 T determine  the Jevel! and numbers of IL2-

producing T Jymphocyter from different types of leprosy and
normal subiects.

3. To essesc the in viteo effect of  exogenong 1L1
and/or TLT on defective ILt-producing monncytes and/cr defective
JL2-prodneing T lymphocytes of variouns Lypen of leprosy andd
normal subjects.

Jq. T evaluats the fanetion of helper and  svppressor



T lymphoeytes in dittfervent types of leprosy and normal subjercts.
5 Too investigate [L2 and IFN-gammy  gene  regulatinon
in  different  types  of teprogy apd pormal  sabjects and the

reic don hetween  sappressor 1 oeells and expression of  LLY and

FEN-gammy denes.

5. Hethods and _Resulls
Do) Ureparation.ob PER
¥ tubevcentosis HEYEY was grown in Long s synthetie  wmedinm
Faor 0 weelis. The bacleria were killed hy heating in water bath
o PO fop 4oy Cultorps smpernatant wes collected and pasaed
Pwice  throngh =tevile pgavze. The cel) free enlture  supernatant

wasi aedded wath 4% triehloroncetie acid (TOAY and precipitate was
washed  twice with 1'% TCA  and onee  with o o3n KilaPog . The
preciprtare wos disgolwed with 15125 af ctarring volume of  M/6
NHaHEO,  vontaining 2 9% Nt The solurion was centrifuged at

W ep Faro X oho Dupernatant woes collected and (iltered through

Doddon willipors Cilter. Protein dn o saperustant was precipitsber
with catarabed Ao iy ealphbate sololion, pHo 702 The

precipibare  was washeed S o Rimes with 15 TCA and then diceolverd in
oS phoosphste babter This pmritied protenn derivative (PED)
wes o Pilterved  throaeh miyllipores Filter and protein  content v
determined by Biaret and Lowey method . Three Jots af PPD were
prepoared cael evaiuated for o in vibpe stoamdation of 1LY prodoction
From  FEHL of PED-pasitive pormsl subiecrs ALl of them showed
docd smtimnlation ot LY peoduetion of Al narm ] subiechs,
A ezomple  of A he stimmlotion =ffect of our PP is  shown in

Figure 1.



5.2 GSeparation and Purification of Mongccvtes

PBML (2x10® cells/ml) was added onto a 10x35 mm plastic
plates and incubated for 2h at 37eC in 5% CQaz. Non-adherent
cells were washed out three times with warm RPMI mediunm. The
adherent cells on plastic plates were stained with non-specific
esterase stain and positive for more than S80%.

5.3 Production of IL1

The adherent monocytes (2x105 cells/ml) were incubated with
LPS(30 ug/ml) at 37eC, 5% COz for 24 h. Supernatant was collected
and assayed for IL1 level.

5.4 Quantitation of IL1 level

The method was set up based on the principle that when
monocytes are stimulated with LPS, they synthesize and secrete
IL1. Mixing the cells or its supernatant with mouse thymoecytes,
the 1later cells proliferate due to the stimulatory effect of IL1
resulting in clusters of thymocytes around the ILl-producing
cells or proliferation of thymocytes. Thymoecytes were harvested
from 6-8 week old BALB/c mice and cell suspension was adijusted to
3x107 cells/ml. Unknown samples were serially diluted and
thymocyte suspension were mixed with PHA-P (20 ug/ml), incubated
at 37eC 5% COz for 72 h., Tritiated thymidine was added and
incubated for 2h before the culture was harvested onto glass
fiber filter and counted in a scintillation counter.

©.5 Determination of ILl-producing monocvies and IL1 level
in leprosy and normal subiects

Number of ILl-producing cells and IL1 level were determined
in PBML of leprosy patients and normal subjects. The mean + SEM

of the normal subjects for ILl-producing cells was 2838+540



cells/2x10% monocytes, and 42.45+8.32 units/ml for IL1 level.
There was no significant difference in both the numbers and the
level in LL/BL (353441264 and 97.85+21.28), BB (4053+3340 and
81.21481.17), and TT/BT (3971+1065 and 58.42+18.01) (Table 1 ).

Specificity of the ILl1-producing cell assay is shown in

Table 2. Anti-IL1 at low concentration was able to partially
inhibited the development of IL1-induced colonies. When the
concentration of anti-IL1 was increased. the numbers of

IL1-induced colonies was gradually decreased until completely
inhibited. However, anti-IL8 and anti-TNF-alpha had very 1low
effect on the numbers of IL1-induced colonies. The correlation
ofthe numbers of ILi-producing cells and the levels of IL1
produced in normal subjects is shown in Figure 2 with r = 0.981.
9.6 Production of IL2

PBHL  (1x108) were stimulated with PHA (2ug/ml) or PPD (10
ug/ml) at 37°C 5% COz for 18 and 48 h, respectively. The cultures
were centrifuged and supernatant was added with alpha-methyl-D-
mannoside (20 mg/ml) prior to storage at -70°C for IL2 assay.

5.7 Quantitation of ILZ acrivity

Unknown samples were serially diluted in tissue culture
microtiter plates and added with 3-day Con A blast spleen cell
suspension (8x104/100 wul) for 24 h. Tritiated thymidine (0.2
uCi/50 ul) was added to each well and incubated for 18 h. The
cultures were hervested and counted for radioactivity by a liquid
scintillation counter.

9.8 Preparation of 3-day Con A blast spleen cells

Spleen cell suspension (1x102%/ml) was prepared from BALB/c

mice of 6-8 weeks old and stimulated with Con A (5 ug/ml) for 3
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days. The cells were washed and readjusted to 3x107 cells/ml.
5.8 Determination of IL2-producing cells _and ILZ2 levels
produced. by PBML of leprosy and normal
For the determination of ILZ2-producing cell numbers, softc

agar gel technigue was used. Each plastic petridish (35x10 mm)
contains 1 ml of lower agar layer (0.5% agarose in 10% FCS/RPMI)
and 0.7 ml of upper agar layer (0.4% agarose in 10% FCS/RPMI)
mixed with 0.2 ml of responder cells (IL2-dependent 3-day Con A
blasts) and 0.1 ml of effector cells. In controls, the upper
layer contains only effector or responder cells. All cultures
were incubated in 5% COz 37eC for 5 days. Numbers of
IL2-producing cells surrounded by IL2-responder cells were
enumerated under a dissecting stereomicroscope. It was found
that PBHL of either unstimulated, stimulated with PHA or PPD in
leprosy of all types contsin IL2-producing cells that are not
statistically different from normal controls (Table 3). However,
the 1ILZ2 1level produced by PBML strimulated with PPD in LL/BL
leprosy was significantly higher than other types of leprosy and
normal controls (p<GC.05) (Table 4).

5.10 Induction snd separation of suppressor and helper T cells

PBML (4X108/4 ml) were stimulated with Con A (50 ug/50 ul) at
37°C 5% CO=2 for 18 h. The cells were washed and Ffurther
incubated for 42 h. After washing the cells were adjusted to
1x10®% cells/ml in 10% FCS in RPMI. The Con A-stimulated PBML
were separated for T cells by E-rosetting technique. The T cells
(1x108/ml) were mixed with 1% Con A-coated SRBC, centrifuged at
600xg for 2 min and incubated at 37eC &% COz for 1 h. The cell

pellet was resuspended gently with a pasteur pipette. Con
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A-SR8C rosetted and non-rosetted T cells were separated by
Ficoll-Hypaque centrifugation. ConA rosetted T cells at the
bottom were lysed by hypotonic ammonium chloride solution. The
Con A-S5RBC rosetted and non- rosetted T cells were studied For
their regulatory function in HMI, by reversed hemolytic plaque
assay and production of IgG, and in CMI by IL2 produection of
PBML.
5.11 Study on the effect of Indomethacin on suppression of

H. leprae on ILZ preduction.

Study of immunoregulatory mechanism in leprosy was carried
out by incorpoirating indomethacin into culture of PBML stinmulated
with M. leprae. There was very low or no IL2 production in the
PBML of normal (skin test +ve for PPD) or TT/BT or LL/BL patients
stimulated with M. leprae. However, when indomethacin was added
into the cultures, there was significant increase of IL2
production in PBML from normal and TT/BT subjects. In contrast,
there was no increase from PBML of LL/BL cultures. Indomethacin
alone did not have direct effect on PBML (Figure 3, 4, 5, 5)

When PBML of normal(skin test +ve for PPD), TT/BT or LL/BL
subjects were cultured with PPD, there was high in normal but
very low IL2 praduction in TT/BT and LL/BL subjects.
Nevertheless, indomethacin incorporated into the cultures
significantly enhanced the production of IL2 in sll groups of
subjects tested. (Figure 7, 8, 9)

Our study suggests a difference in immune response to
H. leprae and PPD in LL/BL patients, and this difference was not
found in the TT/BT and normal subjects. A precised abnormal

mechanism of this finding needs further elucidation for more
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information to understand immunoregulatory mechanism in leprosy.
5.12 3tudy of IL2 snd JFN-gsmpms gene expression in leorosy,
Our data shows thst IL-2 and IFN-gamma genes remain
inducible throughout the development of leprosy, from TT to LL
stages, but siguificanily below normel in the TT,BB and LL
stages. Thus, as measured by induced expression of these two
genes, there is a discerrnible defect in the capacity of PBML from
these stages of the disease to respond to a general stimulus,
mitogen, as judged by accurate quantitation of IL-2 and IFN-gamma
mRNA at the time of maximal expression. Moreover, in LL, there
is a striking absence of superinduction responses for the IL-2
gene, accompanied by greatly reduced superinduction responses for
the IFN-gamme gene, these responses measure post-transcription
and suppressor T cell dependent downregulation. With the decline
in  inducibility, these results mean that post-transcription and
suppressor cell-dependent downregulation are not operating
normally in TT subjects. Qur molecular anproasch 1is able to
reveal aberrant patterns of IL-2 and IFN-gamma gene expression in
different types of leprosy, wmost pronocunced in lepromatous
leprosy, Dbut not in the normal controls from the same area. For

more details see attached report from our Israeli counterpart.
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6. Inpact. Relevance and Technology Transfer

The Israeli Principal Investigator, Dr.R. Kaempfer made
2 visits to Dr. Makonkawkeyoon (SH) s laboratory in Chiang
Mai, Thailand. The first visit, during December 16-21, 1989
included 4 full days of diccussion with SM and his team and an
extensive guided tour of leprosy patients at the McKean Leprosy

Rehabilitation Center 1in Chiang Mai. Dr.Kaempfer slso gave 8

2-h seminar, entitted : Regulation of Human Interleukin-2 and
Interferon-gamma Gene Expresrion and Its disturbance in
diseases. The second visit was made during December 7-18, 1991,
to allow analysis of the results with the Thai counterpart. He

alsce delivered a 2-hr seminar at CMU Medical Center that elicited
spirited discussion and transfer of research activities to
attendants.

Dr.K. Praputpittaya had been trained in Dr.R.Kaempfer’'s
laboratory ar the Hebrew University of Jerussalenm, Israel
during June 1 - July 4, 1988. The training included transfer

of technology on the basic and advanced technigques on gene

expression. Such technique had now been set up successfully
in the Depsrtment of Ciinical Immunology, Chiang Mai
University. Subsequently Dr.Praputpittaya has transfered

those techniques to his colleagues and those working in the
same area of molecular studies.

Since our team has been working on leprosy and tuber-
culosis research for more than ten years, our group, in
particular Dr.S. Makonkawkeyoon, 1is recognised as expert in
cellular study in leprosy and tubercnlosis. Through support

from the World Health Organization, the Royal Thai Ministry
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of Public Health regularly sends about 50 health
professionals a year to visit our laboratory. In addition,
about 150-200 medical doctors from 21 countries in Asia and
Australia have visited our laboratory and acquainted with
the fruitful research support of USAID for our research in
leprosy and tuberculosis. All of these visitors came to
visit our labo;atory while they were attending a 9-month
Diploma Course in Dermatology at the Institute of
Dermatology in Bangkok, Thailand.

An extensive financial support from USAIL has been used
to strengthen our research laboratory and to build it into a
modern one. After the completion of our project, our
laboratory will be equiped with essential instrument for
both cellular and molecular studies. From Dr.Enger’s
(previous WHO secretary in IHMLEP) personsal communication,
our lasboratory in Thailand has been recognised as expertise
in cellular immunological study expecially in 1leprosy and
tuberculosis. Following this we are quite confident to
claim that our laboratory could be a centre of cellular

study in immunology st least in the ASEAR countries

7. Project Activities and Outputs

Publication

“Enumeration of interleukin-1 producing monocytes from human
perirneral blood mononuclear leukocytes by agar plating
technique”. Hirunpetcharat C, Maneckarn N, Kasinrerk W,
Supajatura v, Praputpittaya K and Makonkawkeyoon S. J

Immunologicual Methods 140(1991): 173-180.
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1. Effects of M.tuberculosis on the prnduction of ILZ by
peripheral blood mononuclear cells. By Sriburee A,
Makonkawkeyoon S, Maneekarn N, Praputpittaya K and Hirunpetcharat
C. Presented at the 8th RIHES Annual Meeting, Chiang Mai
University, 20 June 1980.

2. Enumeration of Monocytes producing IL1 in normal
subjects. Br Hirunpetcharat C, MHaneekarn N, Kasinrerk W,
Supajatara V, Praputpittaya K and Hakonkawkeyoon S. Presented at
the 8th RIHES Annusl Meeting, Chiang Mai, University, 20 June
1880.

3. Effect of Indomethacin on the suppression of IL2Z-
production by M.leprsae. Praputpittaya X, Makonkawkeyoon S,
Kasinrerk W, Hirunpetcharat C and Sriburee A. Presented at the
8th RIHES Annual Meeting, Chiang Mai University, 20 June 1380.

4. Expression of Interleukin-2 and Interferon-gamma genes
in Leprosy. By Prsputpittaya K. Present at the Second Meeting
of Scientific Working Groups on Leprosy Research in Thailand,
held at Research Institute for Health Sciences (RIHES), Chiang
Mai University, Thailand.

5. Stucdies on the immunoclogical defects in leprosy
patients. By Kasinrerk W, Sakonwasan C and Praputpittaya K.
Presented &t the Third Meeting of Scientific Working Group on
Leprosy Research in Thailand. Organised by Faculty of Associated
Medical Sciences, Faculty of Medicine, Khon Kaen University,
Leprosy Division, Department for Communicable Disease Control,
Ministry of Public Health, Thailand and Sasakawa Memorial Health

Foundation. 12-13 November 1992, Khon Xaen University, Thailand
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Iraining

1. Dr. K.Praputpittaya had been trained in Dr. R.
Kaempfer's laboratory at the Hebrew University of Jerusalen,
Israel, during June 1, 1989 to July 4, 1989, The t:raining
included basic and advanced techniques to start resesarch on gene
expression and to practice techniques in in  vitro culture
conditions for measuring both function of the IL2 and IFN-gamma
genes in peripheral blood mononuclear ceils and to discuss and to
plan work for hoth Thai and Israeli groups throughout the
project.

2. Drg. K.Praputpittaya and S. Makonkr.wkeyoon attended the
BOSTIN/AID Workshop for PSTC and CDR researchers on Polymerase
Chain Reaction Technology; at the Center for Advanced Training
In Cell and Molecular Biology (CATCMB), Washington D.C.,

during 24-28 September 1990.

8. Project Productivity

Our project has accomplished most of the proposed
goals. Only that the levels of IL1 and IL2 produced by PBML were
measured by bicassay rather by immunnassay. These two techniques
are different in that biovssay measures function of the two
components whereas the immunoassay measures gquantitatively. It
is, thus, ideal to measure “he two components both by bioassay
and immunoassy. Reasons why we firstly did not use the
immunoassay was that the technique is too costly. Hevertheless,
this could be done later since we have kept supernatant left over

from the bioassay.
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9. Future Work

Our project could lead to future work in terms of more
lymphokines could be studied for their immunoregulatory role in
leprosy patients. It is possible that using newly advanced
antigens of M.leprae such as recombinant protein, syuthetic
peptides might be good or even better than native M.leprae
antigen like heat--killed bacilli. These antigens are now
available from the WHO. This approach might give more clear

picture of immunoregulation in leprosy.
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Table 1 Numbers of IL-1 producing cells and IL1 level in

leprosy and normal subjects.

Subjects No. IL1 level (u/ml) IL1 producing cells
tested (/2x103 macrophage)

LL/BL 10 57.95 + 21.28% 3534 + 1264

BB 3 81.21 + 81.17 4053 + 3340

TT/BT 15 58.42 + 18.01 3971 + 1065

Normal 14 42.45 ¥ 9.32 2938 + 540
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Table 2 Effect of anti-IL1,

numbers of IL1-producing cells in human PBML

anti-IL6 and anti-TNF alpha on

the

288

80
286
421

925

710

878

762

(59.
(83.
(57.
(62.

(17,
(9.

3)
5)
6)

4)

5)
3)

expressed

cells

compared

as

31 (85.6)
0 (100)
0 (100)

NDe

ND
770 (-2.7)

989 (11.8)

720 (4.0)

monocytes from adhering 1x10%

percent

to no

Subject
No. none 1/2500
Anti-IL1
1 708= 402 (43.2)b
2 484 388 (19.8)
3 688 582 (16.8)
4 1121 982 (12.4)
Anti-ILB
4 1121 1150 (-2.86)
5 750 722 (3.7)
Anti-TNF alpha
4 1121 1063 (5.2)
5 750 710 (5.3)
a Numbers of ILl-producing
PBML in 2ml medium in plastic culture plate.
b Figures 1in parentheses are
inhibition of ILl-producing
antiserum (none).
c Not done
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Table 3 Number of IL2-producing cells in PBML of leprosy and

normal subjects,

Subjects No. unstim. PHA-stim. PPD-stim.
LL/BL S 103 + 48= 656 + 189 273 + 47
BB 3 85 + 34 1025 + 426 616 + 362
TT/BT 7 208 + 53 441 + 182 427 + 117
Normal B 210 + 57 866 + 404 572 + 163

a X+SEH
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Table 4 IL2 level produced by PBML of leprosy and normal

subjects
Subject IL2 level (U/ml) IL2 level (cpm)
PHA PPD M. leprae
LL/BL 15.34+1.95 1.84+1.0% 1415+277"*
(29)® (29) (24)
BB 26.84+12.18 2.35+0.84 699+179
(9) () (7
TT/BT 9.56+2.08 2.04+0.83 780+126
(20) (22) (19)
Normal 16.21+2.31 2.05+0.53 823+94
(31) (32) (29)
a X+SEM
b no. of subjects tested

* kK p<0.05 as compared to normal
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Figure 1., Evaluation of PPD lot 1 for stimulation of

1L2 production from PBML of normal subjects

{skin test positive to PPD) .
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Figure 2. Correlation of IL1 levels and numbers of iLl-producing monocytes
in 4 different concentrations of monocytes, each concentration
consisted of 3 normal subjects ( *é—' = meansS.D. of 2.5x105 PBML;

&4 = means$.D. of 5x10° PBHL; = meanss.D. 1x10° PBHL;

= mean:s.D. of 2x10° PBHL).
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Figure 3,

01 2 5 10

Concentration of Indomethacin (ug/ml)

Effect of indomethacin on the suppressive
activity of M.leprae on 1L2 production of
PBML from normal subjects (M.leprae 50 ug/

culture)
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Figure
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Concentration of Indomethacirn (ug/ml)

Effect of indomethacin on the suppressive
activity of M.leprae on IL2 production of
PBML from BL/LL leprosy patients‘(ﬁ.legrae
50 ug/culture).
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Figure €. Effect of indomethacin on the IL2 production

from PBML of normal subjects.

29



12

IL2 Activity (ct/minx10 )
oo

01 2 5 10

Concentration of Indomethacin (ug/ml)

Figure 7. Effect of indomethacin on the IL2 production
from PBML of normal subjects when stimulated

with PPD.
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Ob jectives

The aims of this project are:

1. To train, at The Hebrew University of Jerusalem, personnel fronm
the team of Dr. Sanit Makowkawkeyoon at the University of Chiang Mai,
Thailand, in techniques of molecular biology to permit performance of
those steps that must be done in Chiang Mai for the analysis of
regulated human interleukin-2 (1L-2) and interferon-gamma (IFN-
gamma) gene expression in primary peripheral blood mononuclear cells

(PBMC) from patients with leprosy.

2. To analyze the dynamics of regulated expression of TL-2 and
IFN-gamma gencs in PBMC from leprous patients of various types, in
order to obtain a more precise insight into the molecular basis
for the immunodeficiency exhibited in this disease. This research
requires the culture of PBMC, under precisely defined conditions,
and the extraction of RNA from such cells in Chiang Mai, followed by

quantitative hybridization analysis and data processing in Jerusalem.

3. To follow changes in gene expression accompanying conversion of

a patient from one leprous state to another.
4. To obtain insight into the role of auppressor cells in

inhibiting the function of I11.-2 and IFN-gamma genes in cell

populations from patients with various forms of leprosy.
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REPORT

1. Site Viait of TIsraeli PI to Chiang Mai

The Israeli Priucipal Investigator visited Chiang Mai
December 7-18, 1991, to allow analysis of the results in hand so
far with both Dr. Krianngsak Praputpittaya in the department of Dr.
Sanit Makowkawkeyoon and meet with the clinicians at McKean Leprosy
Rehsbilitation Center responsible for the patients analyzed in this
study. He also delivered a 2-hr seminar at CMU Medical Center (see

attached announcement) that elicited spirited discussion.

An unexpected bonus wns the coincidental visit to CMU Medical
Center of a leprosy researcher from Hanoi, Vu Tan Trao of the
National Institute of Hygiene and Epidemiology. Results of her team

shew that cellular immune response function, judged by PHA response,

is impaired 1in leprosy, fluctuating with the clinical status of
paltients and their bacterial antigen load, rather than with stage of
the disease. She attended the nbove—m;ntioned seminar; in addition,
we had a full discussion of her data, which fit remarkably well with

the findings presented in this report and strengthen its conclusions.
This is particularly important because our findings tend to demand
revision of current views on the defect in the immune response in

leprosy.

2. Dynamnics of Regulated IL-2 and IFN-Gamma Gene Expression

In the Report dated June 30, 1991, we presented results on 61l

leproay subjects and 25 normal doneors. In the 1interim period,

%5/
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there was a problem to collect PBMC from additional patients in
Chiang Mai besed on a temporary sqspension of AID funding due to the
unstable political situation in Thailand, now reversed, as well as to
a prolonged breakdown of the gamma-irradiation facility at Chiang Mai
University Medical Center that is expected to be overcome only by
mid-December, 1991. At that time, active collect’on of bloou samples
will resume; nitrocellulose filters containing their RNA will again
be mailed to Jerusalem for moleculnr annlysis, with healthy

controls included in each set of donors.

We presented the results of anelysis of 81 donors, distributed

as follows:


http:collect:.on
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Tadle 1. Distribution of Leprosy Subjects

CONDITION DESIGNATION NUMBER OF CASES
Normal donors NORMAL 24
Tuberculoid TT 7
Borderline tuberculoid BT 18
Borderline BB 5
Borderline lepromatous BL 11
Lepromatovs LL 16
TOTAL 81

To allow convenient analysis of regulated expression of IL-2

and IFN-gamma genes in PBMC derived from subjects, we defined a set
of conditions that measure not only the 1induced expression of
these genes, but also the 1intactness of mechanisms that control

their expression. Five different conditions of induction were chosen,

based on earlier studies of the regulation of IL-2 and
IFN-gamma gene expression in mononuclear cells from tonsils or
peripheral bload. A wave of- 11,-2 and of IFN-gamma mRNA 1is
induced by exposure to PHA, reaching a maximum for both genes in

the 18-22 hr time range. The amplitude of the waves of mRNA can be
superinduced in the presence of inhibitors of translation, for
example, cycloheximide (CHX). Expression of IL-2 and IFN--gamma genes
into mRNA and active protein can also be superinduced by exposing
cells, before mitogenic stimulation, to low doses of gamma-
irradiation that prevent activaution of suppressor T cells. These
conditions of induction are designed to determine if TL-2 and IFN-

gamma genes are inducible and if the two major post-transcriptional

—
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mechanisms regulating their expression, involving & CHX-sensitive
component on one hand and suppressor T cells on the other, are

functioning normally.

PBMC isolated from each donor in Chiang Mai were cultured in

5 conditions. For each subject, 1-ml cell cultures were incubated:

(A) for 18 hr in the absence of inducer;

(B) for 18 hr with PHA;

(C) for 22 hr with PHA;

(D) for 22 hr with PHA, but with CHX (20 pg/ml) during 18-22 hr;
(E) for 22 hr with PHA, but after gamma-irradiation of the cells

with a dose of 1,500 rad.

Cells from each culture were collected and lysed in 7.5 M
guanidinium-HC1. RNA, precipitated overnight in ethanol at -20°cC,
was dissolved into formaldehyde and incubated for 15 min at 60°C,
Eight serial 2-fold dilutions, made in.IOx saline sodium citrate,
were applied in duplicate to nitrocellulose sheets, using a 96-well
dot blot apparatus. The filters were mailed from Chiang Mai to
Jerusalem for the next steps. After baking in a vacuum oven, sheets
were hybridized separately with 32p-labeled RNA probes for IL-2

and IFN-gamma, respectively. Each hybridization included a strip of

nitrocellulose containing serinlly diluted standard RNA, purified
from human tonsil cells induced with PHA for 219 hr. Exposed
autoradiograms were scanned at 630 nm in an ELISA reader. For each

dilution series, hybridization intensities were subjected to linear
regression analysis. The slope is proportional to the mRNA
concentration for the gene being probed. This value was

corrected for the total number of PEMC cultured/m}l and is expressed
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in our data processing program as standard units of mRNA/cell. An
expandable data base was compiled for these Jdonors, enabling graphic
display of 1IL-2 and/or IFN-gamma gene expression patterns by

individual, group of subjects, or index of induction.

3. Analysis of IL-2 and IFN-Gamma mRNA Expression Patterns

Figure 1 presents, 1in 12 panels, the levels of IL-2 mRNA (left)
and IFN-gamma mRNA (right) for each of the 6 groups of donors. In
each panel, mRNA level, expressed in standard units of mRNA/cell, is
shown as the group average value, with standard error of the meen
(SEM), in 5 bars denoting, from left to right, each of the 5
conditions of 1induction A-E defined above. Analysis of Fig. 1 was

presented in the previous report.
4. Analysis of IL-2 and IFN-Gamma mRNA Induction Ratios

Figure 3 depicts the index of induétion and superinduction of
IL-2 and IFN-gamma mRNA, respectively, in the population of normal
donors and leprosy subjects. 1Index of induction is defined as the
ratio of specific mRNA levels obhtained after culture 1in the
presence of PHA for 18 hr (P) or 22 hr (Q) and in its absence.
Induction occurs only if the index exceeds the value of 1. Index
of superinduction R is defined as the ratio of specific mRNA
levels induced after culture in the presence of CHX for 4 hr and in
its absence. Index of superinduction S is defined as the ratio of
apecific mRNA levels induced in cells after gamma-irradiation and
induced directly. Superinduction occurs only if the index exceeds

the value of 1.
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Comparison of 1L-2 and IFN-gamma gene expression in Figure 3

shows that in NORMAL donors, induction of IFN-gamma mRNA is twnfold

greater 1in extent. Though in normal donors, IFN-gamma mRNA is
superinduced gignificantly upon gamma-irradiation (s), that is
less the case for IL-2 mRNZ. These findings are is also seen for

tae normal donors studied in Jerusalem (cf. Fig. 2).

Inspection of 1indices of induction P and Q shows that IL-2 and
IFN-gamma genea remain inducible throughout the development of
leprosy, from TT to LL stages, as evidenced by values that stay
>1, though they are significantly below normal in the TT, BR and LL

stages.

This trend is seen far more directly by rearranging the data of
Fig. 3 as was done for Fig. 4. It is seen clearly that induction
ratio at 18 hr (P in Fig. 3) or 22 hr (Q@ in Fig. 3) is well below
normal controls (N) in ths polar types of leprosy, TT and LL, except
for the 22 hr value of LL, the signifiéance of which remains to be
eastablished, since the IFN-gamma gene showa consistently low

inducibility at both times of induction.

A similar trend is evident in the transition states BT, BB and
BL that are more unstable and where data are indeed less uniform than
in the TT and LL groups. In TT and LL, SEM values are smaller than
for transition stages BT, BB and BL, even though group size for some

of latter is large (see Table 1).

Inspection, in Fig. 4, of response to superinduction by CHX and
gamma-irradiation (indices of superinduction R and S, respectively)
shows significantly below nermal values in TT and LI, with more

Uu
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variable results for the transition stages. In both TT and LI, there
is a striking absence of CHX and gamma-irradiation superinduction
responses for the IL-2 dene {(values close to 1), accompanied by
greatly reduced superindicticn responses for the IFN-gamma gene.
Coupled with the decline in inducibility, these results must mean
that post-transcriptional and suppressor cell-dependent downregul-
ation are not oper:u:ting normally in the TT and LL subjects. Since
gamma-irradiation prevents activation of suppressor cells, but does
not inhibit the action of already activated suppressor cells, there
may be a state of high activation in TT and LL sub jects that affects
the general mitogen response. This is also a new and significant

result.

5. General Conclusions

It is clear that our sensitive, molecular approach is able to

reveal aberrant patterns of IL-2 and IFN-gamma gene expression in

almost all stages of leprosy, most pronounced in tuberculoid and
lepromatous stages. These data show that the ability of PBMC from
leprous donors to respond to a general stimulus, mitogen, is

significantly impaired.

Because we are studying activity of 1IL-2 and IFN-gamma genes at
a time of maximal expression, we could reveal responses that may have
been missed in earlier studies employing biological assays that
record changes far later in the response. Moreover, quantitation of
mRNA levels is linear over a wide range of response, while biological
assays reach plateau more quickly nand can thus distinguish between

partial and full activity only over a narrow range of response.
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Given the ongoing uncertainty regarding the question, if
unresponsivenens of the immune system in l:prosy is antigen-specific,
as generally thought, or based on a general 1impailrnent of the
cellular immune respoase, our resuits lead to novel and essential

conclusions: they clearly support the latter interpretation.

6. Recommendations for Further Work

At this point in the project, it is important to formulate
several ways to improve the data profile towards publication, taking

advantage of the remaining period.

(a) The size of each group of patients should be expanded to >20

each, to allow firm statistical analysis.

(b) Total T cell numbers (CD3), CD4 and CDB subsets should be
qhuntitated in Chiang Mai for all samples taken from hereon.
Information on these numbers, if available for the subjects tested,
should be provided. Expression of IL-2 and IFN-gamma genes should
ve quantitated in Jerusalem not only per total PBMC, but also as
standard unita of mRNA/T cell. In this manner, it can be shown if T

ceil function is affected throughout the stages of leprosy.

(c) Individual patterns of gene expression should be matched with
drugs or other treatment received, informution that should be

collected for all donors examined.

(d) 3H-thymidine incorporation response to PHA should be determined
for all samples of PBMC collected, as au independent measure of T

cell function.

W
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(e) On selected donors, both normal and leprous, a third filter
should be prepared for hybridization with a control probe for p-
actin, This requires more I'BMC and will be done only where that

amount is available.

(f) Similarly, on selected donors, both normal and leprous, 1IL-2
and IFN-gamma production should be assayed in culture medium at 72 hr
after stimulation with PHA. This also requires more PBMC for longer

incubation. The assays are available in the Chiang Mal laboratory.
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Legends

Fig 1 - Regulated expression of IL-2 and IFN-gamma genes in PBMC
from normal donors and leprosy subjects in TT, BT, BB, BL, LL siages.
IL-2 and IFN-gamma mRNA was quantitated, in standard wunits/cell, in
PBMC from each donor, cultured in 5 different conditions (A-E). See

text. Mean + SEM is depicted for each group.

Fig 2 - Regulated expression of IL-2 and IFN-gamma genes in 32
normal donors. IL-2 and IFN-gamma mRNA were guantitated, in standard
units/cell, in PBMC from eech donor, cultured in 5 different

conditions (A-E), defined in the text. Mean + SEM is depicted.

Fig 3 - 1Index of induction (P, Q) and superinduction (R, S) of IL-2
and IFN-gamnmna mRNA species in PBMC from normal donors and leprosy
subjects in TT, BT, BB, BL, LL stages. Ratios P-S (see text) are

defined as: P=B/A, Q=C/A, R=D/C AND S=E/C, where A-E are as defined
in the text. Specific RNA ratios were calculated first for each
individual donor and then averaged for each group. Mean ratio +

SEM is shown for each group.

Fig 4 - Index of induction and superinduction of IL-2 and
IFN~-gamma mRNA: direct comparison of normal donors and leprosy
subjects in TT, BT, BB, BL, LL stages. Specific RNA ratios were
calculated first for earch individual donor and then averaged
for each group. Ratios of indu.:tion or superinduction P-S (data
from Fig. 3) are compared for the 6 groups. Mean ratio + SEM is

shown for each group.
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Enumeration of interleukin-1 producing monocytes from human
peripheral blood mononuclear leukocytes by agar
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Anagar pliting technique was developed for enumeration of TL-1-producing monocytes based on the
principle that swhen Th-T-producing monocstes were cocultured with mouse thymoevtes and PHA in
semizolid agar medium ina plate. mouse thymoevtes proliferated around HL-1-producing monocyvies
resulting inthe clusters or colonies of cells, The H-1-produced clusters or colonies of cells can be
counted under a dissecting microscope. Optimad conditions were established for induction and develop-
ment of T I-producmg monocytes. the numbers of - T-producig monocytes ranged trom 819 (o 1930
colls 10 monocstes, with mean © SEM 1344 - |82 cells, 105 monoeytes, the 111 activity ranged from
IL7 1o 839 U, 10° monoates /ml with mean » SEAM 128 - 110 U, 10% monoavies/ml in seven
meval sabrects The T-Tacnsing per one monocyte ranged from 12,7 10 865 mU, with niean 2 SEM =
I35 - ON MU The mean numbers of Th-1-proc amy monocstes amd the mean Hel fevels produced by
moenocytes fram the same notmal subjects were highly correlated (¢ 0981, The numbers of I.-1-pro-
duced colopies resulting from HE-T-producing monoates could be completely abalished by incorporation
of rabbit anti-human T1-1 in the semisolid agarose but not by rabbit sati-human -6 or anti-human
I'NF-n.

S Introduction

Correspondence 100§ Makonkawhevoon, Facufts of Aswao-
crted Medical Saences, Chnng Ma Unoersits, Chiang M
Stei2 Thahnd Interleukin:l AL-1) is produced by activated
v RITERE nmmu. .ll Lomtarleuban FOTE-2 mterdeaban 20 -6 mononuclear phagocytes and is essential for sup-
terleuban b, INF tumer negross ftor BHA phyioherg. porting both Tand B eell responses. Interleukin:2

plutiin, mRNAD meaonger RNAD PBMLL penpharat blood o . . .
menonuclear Teaboovies, RS, tetal bovine serum, NSEL non. (H-2) s produced by acivated T ocells which

speaihic esterase stan, EPS ipopolisacchanide supports T oeell proliferation in vitro (Aarden et
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al 1979) Interleukin-1 represents a family of
polypeptides with a wide range of biological activ-
ities, many of which are considered essential for
the induction of immune responses, both in vivo
and in vitra, The most significant of these activi-
ties is the capacity 1o stimutat : the production of
[L-2 by T eotiss However, 1= also causes an
increise i body temperasture in vivo, which nay
help in host immune responses o invading -
croonganisms by enhancing the etfects of 11.-1 on
Feell prohiferation: Interbeukin- T is normally pro-
duced by activated mononuclear phagocytes de-
mnved from peripheral Blood ar other tisues, or
by Jeubemia monocstes and monoatic tusor eell
fmes (hachmin, 1953 Human TE-1 plas an im-
pottant rolean the pathogenesis of nuny discases
and functions s i hey mediator of the host
tesponse teovarous anfectious, inthamimaton . and
immunofogic challenges (hinarello, 1959)

It has been shown that there are at feast two
distinet human TH-T molecules, termed 1T and
A1 ONLrch e al I3 Several Labotatonies
have measured -1 humen body huids for the
dragnosis wnd prognoss of vanous discase pro-
cossesand for cartain physiologie funa ions, There
vabso g need for detecting 1T mRNA in certan
teetes s anoindicator of -1 mediated tocal
dicase (Ghaln and Tachman, 1983, Inter-
Suril= 1 ocan stmulate the profiferation of motse
Unvmocytes cithar wlone, orin the presence of low
cocentrations of aoatogenie fecting sach as PHA
vt et al o 7o Thorctore, baed upon #ts
abiity to diredts stimulate the prohiferation of
motse thumaocytes humaen -1 is usuadly assaved
by addime 1T Lhition of prepatatons onto mi-

ming thumoaios and PHLA

TSR
Proftcraton s memtored by ['Hjthynndine -
dpetation (Geanne ctab, D3 A e sansi-
e assay for -1 lesel was devddoped. mowhich
producton of T2 s mcasured by a noeine
Imphocere clonc TRRNS33 coanulaed weth PHA
and T EeGallis and Mazel, 19810 Conlon, Jusd)
While most studios have tocussed on 10 level o
actiaty found i moneaste or macrephaee caltare
supinatant oven tew studies have been caned
cut on guantitation of T producimye monocetes
of mactephares In this eport, we desanibe o
sinple and rehable tedhingue tor detcrmunmy the
numbers of hooan - producme monoctes

The quantitation is based on the principle that
when 1L-1-producing monocytes are cocultured
with mouse thymocytes and PHA in semisolid
agar medivm, mouse thymocytes will proliferate
around TE-1-producing monocytes. The resulting
‘Chders or colonies of cells” can be seen and
counted under a dissecting microscope. Each
cluster or colony of cells represents an individual
IL-1-producing monocyte.

Materials and methods

Ivolation of PRA].

Informed consent was first obtained after the
mture and possible consequences of the studies
had been tully explained. Peripheral blood from
patticipating laboraton personnel was drawn into
a heparinized test tube (10 U ml of blood), Pe-
ripheral blood mononoclear Teahocstes (PBMLL)
ware olated by Ficoll-Hypague density gradient
centritugation (Bovam, 1908, washed twice with
RPME 1040 mediom and resuspended in RPAM]
Lo supplemented with 1077 heat-inactivated fe-
tal bovie scnum (FBS, Gibeod 10 mM Hepes,
T U ml pemallin G100 g ml steptomein,
oM codiom puravate and 55010 0 M 2.
mercaptocthanol tcomplete medium),

Separation of imonocy e

PBML. 4 167 cells ain 20 mb complete
madivme wore mttoduced o o 35 4 10 omm
plastic: teeue ultare plate (Nune, Kamstrup,
Denmath), and incubated at 37 (. 5 CO. for
2 4 he Nonsadheront eells were washed off three
'BAL, non-
adherent and adherent cells were stained with

PR L ETRT . .
Vivios waili wadin REPMT TGS media,

Horespeatic osterase stan CONSEL Adherent celis
wore NSE-positive for 89860« 26147 (mean - SD
ot ten narmad sobiecsh Atter calculating the
evact number of monocytes wdhering on the plate,
the necessany volume of 109 FBS-RPAMT 1640
mediim was added o prosade o finad coneentra-
ton of monocytes cqual to 2+ 10°, ml,

Produciion wnd dorcrmmanon of 121 e ol
Asaploned aboves the adhered monocytes on

the plastic plate were adpsted 1o 2 - 107 NSE-

positine s ml by addimg vanious caleulated
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amounts of  10%  FBS-RPMI 1640 medium.
Lipopolysaccharide (LPS, £ coli O 127,88,
Sigmi), 200 ge /ml, was added to the monocytes
and the plates were incubated at 37° €, 5% €O,
for 24 h. Fhe cell suspension was collected, cen-
tifuged and  the supematants were Kept o at

70°0C for -1 assay. The -1 level was deter-
mined by mouse thymoeyte proliferation assay
(Pacthau et al, 1070, Favels of J1-1 were ex-
pressed in Uoml by comparison to commercial
standiard human TL-1 thuman interleukhis- 1L eltra-
pure, Genzavme, Masaachusetts, URSALL

Production and resinatuon of WD producng
RHIR RIS WIS

Ihe method tor enumeration of T-1-produc-
ing monodvtes was performed by adding 1< 107
PBME in 2.0 ml sepplemented RPME medium
onto 33« 10 nin tissue caltuie plates, Afier 2h
ol meuhation. nonadherent cells were remaoved
by contdy eapething colture medium onto ceells at
the bottom of the plate three tmes and the total
numbers of nop-adherent cetlswere counted. The
numbers of cells wdhenmg on the plate were
derrved by subtracting the total number of PBML
with the number of nen-adherent eels The num-
ber of NSE poative cells adhermg on the plates
were then determuned. The conventiation ot
monoavtes whhenng on plates was adiosted e
1t celle mibby addimg an approprite amonnt
of REMI Lot medinm Tpopolisaccharnde (1LPS,
20 e mbhwas added o the wds cone monocstes
which were meubated wt 37 Coxe €O tor 4 h
washed twices and then treated with o thymoavte
manvtere (83 mb ot 0377 gearose in medum con-
taning 1o« 107 thunoavtes and LS we PHA-PY
Atter eelhng o Capatose. the cubture plate was
ienbored gt 3 A O tor 6 das and the
number of 1 -Tproducne cellse appearing as
colomies, were counted under g dissecting micro-
scope with = 30 mapgmbication. vhe amaunts ot
111 produciny monoaytes i total monocytes was
chiimed and  the numbers of T producing
monocvtes 107 were then determined

Desorninainom of opeonal condaons for mduction
of 1. /g‘hul.nl'.’g’ oo ey

Nienber of PEBME Nanous el coneentra-
tonsof PRME an oS 1 2and 4 - 107 eellvim 2.0
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ml media) were introduced into tissue culture
plates. After 2 h of incubation, non-adherent
cells were washed off, 20 g /ml LPS was added
andd the plates were incubated w 377 C 5% €O,
for 4 h. After adherent cells were washed, the
thymoc, te and PHA-P mizntures inagarose medis
were added, and the numbers of TL-1-producing
monocytes sere counted after 6 days of incubae
tion,

Nwiber of dhymocytes. NViavious cell coneen:
tations of mouse thymoevtes (0, 4,8, 12, 16 and
200 10" cells in LA ml of 0.3 aparose media
continmg 13 g PHA-PY were added into 1S
stmuliated  monoavtes  derned  from b 107
PBMIL adhicting on tissue cultute plates. After ¢
davs of incubation, the sumbers of T1H-1-produc-
e monodsios were quinntitated,

Concentratton of 1LY Vanous  concentras
tons ot TPS 05100200 30 and o0 g indywere
i ubated wath adhering monocvtes dernved from
I« 107 PBNMIL tor 4 b washied, and then thymo-
ate and PHASP mivtures in agarose media were
added. The numbers of 1L-Fpraducmye mono-
avtes were determimed atter 6 dass of incubation.

Senndation perod for LPS. Monoostes were
samulated wath TPS Q20 g, mib tor penods ot ),
1.2 40 60 and 8 hoorespectively, Thymooste amd

PHA-P mistutes inoaegrose media were then

avtes were counted after 6 davs of mcubation,
Concentrgrion ot PHOEDP Vatious concentra-
trans of PHACP (W ellcomer e, 25 051 2 and
Jp mbhwere added into thyimosy o nintures in
acarose medi and then the minteres were added
vnto [PS stumulated monocstes. Alter 6 dass ot
imcLbanon, the numbers ot 1 -1 producine mono-
avtes were counted.
Drssehsereeny peraond frer the adhe RIRTIN
avtes derned from 1 107 PBML were simu-
lated with TPS €20 pe b ihey were overlanvered
with thyvmoovte and PHASP nivture i aeatose
medim. The numbers of T-Tprodacmge mono-

avies were counted eveny day tor Tl

Corrclaton of 10 eveland 1 1producone cells

Monocvtes were separated from PBNE Dby o
tace adherence on phistic plates as previousdy
desenbed, H-4 Tevels and the numbers ot 11 -1-
producimg monoastes from normal subgects were
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.
produced and detemmined as described. Correla-
tion of the H.-1 Tevels and the numbers of 1L-1-
praducing monocytes wit, plotted and the value
of the correlation coefficient determined.

Effect of unti-IL-1, ann-11-6 and anti-TNF-a anti-
bodies  on the  decelopment  of - 1-produced
colonies

Various dilutions of rabbit anti-human 11.-1,
rabbit anti-human -6 and 1abbit anti-human
TNF-a polsclonal antibodies (Genzyme Corpora-
tion, Boston, MALUS A were meorporated into
thymocovte  and PHA-P mintures in agarose
mediom. After overlavering  the  thymocytes,
PHA-P and vanous anti-avtohine minture  in
aparose mediuvm onto the adhering monocvtes,
the numbers of TL-T-producing monocytes were
determined after 6 days of incubation,

Resnlty

Ciprimat condinons for decelopment of 1.-1-pro-
ducing cells

Ihe optimal concentration of thymoates tor
the mavimum deselopment of 1L-1-producing
cells is 16 2 10° colls /plate while the optimal
concentration of PBMIis 1= 10 plate as chown
m Figs Lot and TR respectaely, Figs 24 and 28
show the optimal concentration of  LPS (20
e mb samulaton and PHASP (1O pg /plate)

e l)]

Humber of colunies
S
\'

A T - ]
g 20 D051 2 4

v s

oEL (0%

Fymolytes [0

e 1 Determination of aptimal ilamocstes (A4 and PBML

(B concentrations for the assay of 111 producing monocyvies

CNote an Frgs. 1-3 cach e represents the resolt obtined
from one normal subjecty.
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voncentrations for the asaay ot I producing monocytes.

co-stimulation for - maximum - HL-1-producing
monocytes respectively, Tae optimal stimulition
time for 1LPS is 4 h while the optimal incubation
period for the development of -1-indueed
colonies is 6 days as depicted in Figs. 3.4 and 38
respectively.

Correlation of 1L-1 lecels and 1-1-producing cells

The numbers of TL-1-producing monocyte and
the Tevels of TL-1 activity in culture supernatant
fluids of cach cell culture were quantitated in
parallel in order to determine the correlation as
deseribed i the maternials and methods section,
Fig. 4 shows avery good correlation between the
mean aumbers of H-1-producing monocytes and
the mean fevels of -1 in the culture supernatant
fluids Cr == .08]),
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Fig 3 Determimation of optimad stimulation ime CA4) and
mcubation time (8) for the assas of 111 produding mono
ales
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SEPARATION AND PURIFICATION OF MONOCYTES FROM FRESH
MONONUCLEAR LEUKOCYTES

NORMAL HUMAN PLRIPHERAL 61.00D

Subject Total Non adherent Adherent Adherent ;gf;\l];l;iilli\>ll
R , " " iRt S,
number PHAML cells cells Totai M ®
] T anm 00,000 T Toy T T T e T
2 FARTE] ERALET] 11.00K) O3] 10,340
3 94,000 S4,000 10,(00) 95 9,500
4 FOOLENN) ERNLVA] 17000 97 16,490
5 117.06K) T 17,000 93 16980
[3 N3N0 NLIR) R Yn Indg
7 63 (N0}

61O

TONSEL nonespeafic esterase staming
P AL ot numbers of monoates i cach plate.

Effect of anti-ovtokine antibodies on the det elop-
ment of H.-1-produced colonies

Table T shows the vield of monocytes after
sopatation from PBML of seven normal human
subjects by surface adherent iechnique,

Table 1 shows the effect of ant-10-1, anti-1L-6
ind anti- INF-o on the development of 1L-1-pro-
docine monoevtes from aormal subjects, Anti-1-1
at fow coneentration was able to partially inhibit
the development of TL-T-induced colonies. When
the concentration of anti-TL-1 was increased, the
numbers of T-Tanduced colonies were gradually

2000 97 1940

Numbers of 1L-1-producing monocvtes in healthy
normal individuals

The numbers of IL-1-producing monocyies per
P 10° monocytes were determined from seven
heatthy: Thai individuals. The number of 1L-1-
producing monocytes ranged from 819 to 1930
cells,/10° moneevtes with an wverage of 1344~

TABLE N

FEVECTS OF ANTEIL L ANTHIL-0 AND ANTIHINFa
ON CINTERITFURKIN-LPRODUCING MONOCYTLES

. . ROAM U COPERIP SMONONL-
decreased unnl completely mhibited. However, FROM CHUMAN PLRIPHERAL BLOOD MONONU
. CTEARTEUROCYTES
anti-He-o and ant-TNF-a have a very low effect
. R i hireod o . - - . —
on the number of TL-T-induced colonies. Subect No IUlation of antiecta added
Tibel  anbes 1,250 1 50 1 1
wwrum
- .":|' —de added
o I - P . -
12+
- H v Anti-db-]
£ 13": l ! TONCTIND WAL IS R 3 A
BRI 2 184 BNOUSE N0 (35 DD
o . R (& SR otlenl o 2on (3T el
S e e 4 LI2E 982 (120 421 w2 d) NDY
]
° Antll-o
i ! H2E LSO G2 028 (175) ND
e 2 50 TXGT T B T 2
ot

P

- 4o d Y
1 2 3 4 5 [}

—
7

N Iens ot 1L precue ng cer 1a10))

Fig 4 Correlation ot T evels and numbers of 11-produc:

iy oneates i four different concentrations of monoates

Fach conventration consisted o three normal sobyects (@ =

mean o SD of 235007 POME D & mean - SD of S 10

PEME. ® - mean e SDot e 107 PEML, « - mean « SD o
210" PRAL)

.\

Ant-INFa
1121 LU (S22 u™s (12 8)

! KA IR
2 ANl TRy o) ot

M dm

Numbers of TH T producmyg monocytes trom adhening 1 s
107 PHME 2 ml o plastic culture plate

Freures i parentheses are exprossed as percent inhibition
ol I producing cells
CND, not done
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L)
TABLE 1
NUMBLERS OF (iL-1-PRODUCING MONOCYTES, 1L-1
ACTINITY AND UNIT OF 111 PER MONOCY FE FROM
NORMAL SURIECTS

Subject  1L-Vproducmg -1 actinty T activity

number  tonocytes per (U 10° (mUy/
0% monocytes monacytes,'ml) monocyte)
1 1.604 230 138
2 1030 R I3
3 1,27 s0.0 41.5
4 94 1.7 127
3 Yul 889 865
t 1150 448 REA)
7 SY In6 227
RY 1,344 428 s
\D EAX] 06 260

SEM 182 1.2 9.8

Note 11 When Tas 107 thvmoartes were culiured alone in
sofl apar plate, 75 « 25 spontaneous colomies ap-
prared

2 Monoates gone derned from 1 10° PBML resubt
iy calony

(3 The numbers of T produany monocites shown in
the table are alrcady corrected by subtracting the
bacheround

182 cells - 10° monoavtes tmean 2 SEM). The
lesel of TH-1 wctivity from the same normal sub-
jects tanyed from 11,7 10 859 U, 10° monocyies
per b with an wverage ot 428 2 11.2 UL The 111
actividy per one monocste s ml ranged from 12,7
to NS mU with an wveraee of 335 - 98 mU s
shownom Table HE When jo = 5 thvimooy les or
monocytes derived from 1 105 PBML were cul-
tured alone in the soft agar plates, the averaee
numbers of  spontancous colonies were 73
io = i07 ahymoovies tmean © SEM =
NI colomies) nd 0 colonies - monocstes de-
rved tram 1 Ho0 PBMI respectaely.

Discussion

Ihe soluble mediators produced by cells of the
Ivinphareticular ssstem play negor soles in im-
mune responses in the defense mechanism of the
host. One of these magor mediators, interleukin-1,
everts a wide vanety of immunoregulaton effects
(Dhinarclo, 1983) The capacity of TL-1 to aug-

ment thymoeyte proliferation and, to a lesser
extent, T lymphocyte growth, presumably Teads to
cvpansion of the lymphocyie population (Di-
naretlo, 1989). 1L-1 promotes the speaific cyto-
toxic functions of cytotoxic T hymphocyies (CTL)
and natural killer (NK) activity of human periph-
eral blood mononuclear celis in conjunction with
11-2 and IEN-y. 1L-1 also augments the in sitro
proliferation, differentiation and  antibody-pro-
ducing functions of B hvimphoaovtes. In addition 1o
these immunologic activities, 1L-1 promotes the
growth or functional activities of a wide variety of
non-hmphocytic cell types. These pleiotropic ef-
fects of TL-1 can account for o number of mani-
festations of acute and chionic intlammatorny re-
actions, Both the functional activities and the
molecular structures of TL-1 have also been illus-
trated. At least o monocyvte-derived 111 species
have been identificd and sequenced both in man
and mouse (March et zh, TOSS; Oppenheim et al,,
1986). These molecules, named He-Te and H-14,
although having only 287 amine acid homology,
have the same biological activities and bind to the
same receptor (Kilian et al., 1986; Rupp et al.,
1U86),

There are many methods for detecting 11L-1
lesels in cell culture flurd, The method for 111
fevel assay commonhy used is the proliferation of
mouse thymocstes stimudated with 1L-1 wlone or
in the presence of 1-1 and low concentrations of
mitopenic lectin (Pocthau ot gl 19763 T activ-
1y can be detected when 1L-1 s incubated with
certam  1Toceell tumor hines. These tumor lines
produced TL-2 when stimalated with 1E-10 and
the -2 peleased can be quantitated by an 11224
dependent T oeell e (Gillis and Mizel, 1981,
Fhe feukocste pyrog:n test can also be used 1o
detect 11-1 activity, Sherein the increase in by
temperature is measured tollowmg in vivo adnun-
itration of the 11 preparation (Dufl and Du-
rum, 1YN3) The sigmificant activitics of 1L-1 on
various el tpes have prompted studies of the
effects of -1 in several discases. Measurement
of 1L-1 Jevels in different conditions provide a
better understimding of the discase processes.,
The unit amount of -1 per cell culture can be
determined by these H-1 assavs, Howeser, the
numbers of monocytes that can prodoce and se-
crete 11 cannot be determmed by these assays,
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Therefore, we developed o simple and strasight-
forward method for measuring the numbers of
- T-producing monocytes by overlinering adher-
iny monocytes with thymoostes and PHA-P in
semisolid agarose, This resulted i clusters or
colonies of thymoavtes which responded to -]
produced from monoytes.

The optimal conditions for the production and
cnumeration of T-1-producing monocytes have
been determined inour Biboratories. The optinal
stmulation time of 1TPS was 4 h for masioum
development of TH-T-producing monocytes. Our
date are in good aereement with others that the
number ot 1L-T-producing mopoavtes are in-
creased tremendoosts when stinaulated with LPS.
Ravne ¢t al €1986) <howed hat unstimulated
monoavtes did not contain immunocstochernicatly
detectable tevels of 1T-10 However, after stimula-
tien with TPS und,"or PHA. fluorescent staining
ol menoaytes became appirent after 3.5 h stimu-
Litton The production of 1.1 by normal human
petipheral blood mononucear Teukocytes can be
detected i carly as 30 i antracellelarly, and
extraceltulatly within T h after stimulation with
10N Maost ot the Ho-T activaty (9770 ) was found in
the orvtosol of TPS-stmuiated monocvtes (Matsu-
shima et al, TOss)

Using speatie monoclonal antibodies to detect
I -la- and 1L 1g-producing cells by an am-
munofluorescent stan, no stnmg was seen
unstinu!ited PBMEL but imtense, masimal stan-
i o appievanatch 570 for cadh Bpe swas seen
m PHA and PANA somulated PBML (Barkley et
al. 1S9 Our study, revealed that the average
number of H--producmye monoavtes was 1344 -
IND s e iy T, :\}i}nmyh vl Chiutnebas
ton ot 1 -prodecne. monoayies by semisohid
avat resulted moa fower number when compared
to the unmunotluoreseent techmgue, neverthe-
less the prmaple of cach techmigque was difter-
ent. The immunofluorescent method wall detect
11-1 on the surtace of celis, however, the semrolid
avar will only derect eclis producing and secreting
tunctional 11.-1.

The mean numbers of T l-prodoaing mono-
avtes and the mean -1 levels produced s
monocyies from the same normal subjects were
(LUs]). The colomies of thy-
maocytes s detected by our method deseloped as

highly correlated

a result of actual thvmoceyte proliferation in ge-
sponse 1o 1E-T produced from monocytes, Evi-
denee tor this is the obsenvation that treatment
with anti-1L-1 decreased the number of colonies
in a dose-dependent manner, The colonies of
thymocvtes were abalished completely when anti-
1120 incorporated in agarose wis increased to g
high concentration. However, anti-T1-6 as well as
anti- TNF-a had littde or no ability to decreise the
number of colonies. This method provides o bio-
logical assay for quantitation of 11 T-producing
cells by measuring i functional capability of the
cell in synthesis and secrction of 111, This sim-
ple and straighttorward technique for measuting
the numbers of 1L T-producing cells should there-
tore be useful tor studies seeking to understand
the mechanisms of 1L-1 praduction and the cellu-
Lar cmmunoregulition in various infections and
immunological disorders,
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