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3. Executive Suimary
 

The purpose of this project is to elucidate the
 

abnormality in cell-mediated immunity (CMI) in human leprosy in
 

which it is still ambiguous whether immunologic unresponsiveness
 

are related to lymphokine production or the expression of genes
 

responsible to those lymphokines. The projeot objectives are
 

divided into 2 parts; a) to investigate the level and numbers of
 

ILl- and lL2- pioducing cells in leprosy patients comparing 
to
 

normal subjects, and b) to investigate IL-2 and IFN- gamma gene
 

regulation in leprosy of different types and normal subjects and
 

the relation between suppressor T cells and expression of IL2 and
 

IFN-gamma genes. 

Problem in obtaining PPD at appropriately high 

concentration for our study has been solved by our own 

preparation. Our PPD satisfactorily stimulated PBML to produce
 

high level of IL2, and it will be very useful to other scientists
 

who require PPD !Jnce the activities of our PPD are equivalent to
 

commercial PPD.
 

Techniques for enumeration of ILl-producing cells and
 

levelo of ILl produced were set up in our laboratory in
 

Thailand. From this we published a research article entitled
 

'Enumeration of ILl-producing monocytes from human peripheral
 

blood mononuclear leukocytes by agar platii:g technique' in the
 

Journal of Immunological Methods, 140:173-180, 1991. We then
 

determined the numbers of ILl- 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 ILl in leprosy
 

and normal subjects. This suggests that unrespensiveness in
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leprosy patients unlikely to involve exclusively on the
 

production of ILl 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 IL2-producing cells whether
 

the PBML were unstimulated or with PHA as stimulant. In addition
 

numbers of IL2-producing cell in PBML of leprosy stimulated with
 

PPD produced IL2 at the same levels as those in normal subjects.
 

PPD-stimulated PBML from LL patients produced IL2 significantly
 

lower level than other typed of leprosy (BL,BB,BT and TT) and
 

normal subjects.
 

We have set up conditions for Con A-stimulation of
 

suppressor T cells in PBML separation of Con A-SRBC rosette and
 

ncnrosette T cell subpopulations by measuring plaque forming
 

cells and IgG concentration by reverse hemolytic plaque assay and
 

a sandwich ELISA technique, respectively. We found that Con
 

A-SRBC rosette T cells showed helper activities. The effect of
 

Con A-rosetting and non-rosetting 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 add 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 'L-2 of CMI system. We
 

showed that l.Ienra was able to inhibit IL2- production by PBML
 

from normal subjects, TT,BT and BL leprosy patients. We further
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elucidated the inhibitory effect of indomethacin on the 

suppression induced by Ii.legrae. There was significant 

enhancement of IL2 production in normal 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 tho two genes remain inducible throughout the development of
 

leprosy but significantly below normal in the TT,BB and LL. It
 

is thus a discernible aefect in the capacity of PBML from these
 

stages of the disease to respond to a general stimulus, mitogen,
 

as judged by accurate quantitation of IL2 and IFN- gamma mRNA at
 

the time of maximal expression. This finding is new. Moreover,
 

in LL, there is a striking aDsence of superinduction responses
 

for the IL2 gene, accompanied by greatly reduced superinduction
 

responses for the IF14-gamma gene. This implies post-transcription
 

and suppressor ' cell dependent downregulation are not operating
 

normally in leprosy patients. Our molecular approach is able to
 

reveal aberrant patterns at various degree of IL2 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.
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4. Research Objectives
 

It is generally accepted that different clinical forms 

of leprosy are associated with varying host defense particularly 

to cellular immunity (CMI) to d. i-enrae (Jopling 1984). However, 

the immunological defect(s) leading to the reduction or absence 

of CHI to M. ,_fLepx in lepromatous leprosy (LL) are not yet fully 

understood. Early studies in LL p itients suggested that there is 

a ger.eralized anergy or unresponsiveness to various antigens. 

Others suggested that LL patients at early stages are capable of 

responding to other skin test antigens such as coccidioidin, 

histoplasmin and PPD, while unresponsive to ti.leprVf antigen 

(Turk and Bryceson 1971, Myrvang at al 1973; Mandez et al 1974). 

Evidence for suppression of the immune response by 

suppressor T lymphocytes or 11onocytes in 1L patients were 

suggested (Mehra et at, 1979,1980,1984). However, other attempts
 

to find disease-related suppression in leprosy have yielded 

conflicting results (Bjune 1979, Nath and Singh 1980, Bullock et 

al. 1902, Stoner et al. 1982). Leprcsy-specific ia vitro 

unresponsiveness was shown to result from a lack of IL2 

production and can be overcome by the addition of exogenous IL2 

(Haregewoin et al. 1983). It was also shown that peripheral 

blood lymphocytes of L, patients failed to produce IF14-gamna upon 

exposure to . and defect was restored by the addition of 

purified huma IL2 to the lymphocyte cultures (Nogueira ettr al. 

1983). In our study, the immunoregulatory mechanisms in leprosy 

will be evaluated at the cellular level by measuring levels of
 

ILl produced from monocytes and IL2 from T lymphocytes.
 

Numbers of ILl-producing monocytes and IL2-producing T
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5.2 Separation and Purification of Monocytes
 

PBML (2x10B cells/ml) was added onto a i0x35 mm plastic
 

plates and incubated for 2h at 37oC in 5% 
C02 . Non-adherent
 

cells were washed out three times with warm RPMI 
 medium. The
 

adherent cells on plastic plates were stained with 
non-specific
 

esterase stain and positive for more than 90%.
 

5.3 rodUction of ILI 

The adherent monocytes (2x105 cells,/ml) were incubated with
 

LPS(30 ug/ml) at 370C, 5% C02 for 24 h. Supernatant was collected
 

and assayed for ILl level. 

5.4 Q1=_t/iia JtinQfILJ lev__el 

The method was set up based on the principle that when 

monocytes are stimulated with LPS, they synthesize and 
 secrete
 

ILl. Mixing the cells or its supernatant with mouse thymocytes,
 

the later cells proliferate due to the stimulatory effect of ILl
 

resulting in clusters of thymocytes around the ILl-producing
 

cells or proliferation of thymocytes. Thymocytes were harvested
 

from 6-8 week old BALB/c mice and cell suspension was adjusted to
 
7
3xlJ cells/ml. Unknown samples were serially diluted and
 

thymocyte suspension 
were mixed with PHA-P (20 ug/ml), incubated
 

at 37oC 5% CO2 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.
 

5.5 -5 f TLl- TI , 1 1e v e I 

Number of ILl-producing cells and ILl level were determined
 

in PBML of leprosy patients and normal subjects. The mean L SEN
 

of the normal subjects for ILl-producing cells was 2938L540
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cells/2x105 monocytes, 
 and 42.45h9.32 units/ml for 
 ILl level.
 

There was no significant difference in 
both the numbers and the
 

level in 
 LL/BL (3534±1264 and 57.95±21.28), BB (4053L3340 
and
 

81.21L81.17), and 
TT/BT (3971±1065 and 58.42±18.01) (Table 1 ).
 

Specificity of 
 the ILl-producing cell 
assay is shown in
 

Table 2. Anti-ILl 
 at low concentration 
was able to partially
 

inhibited the development of ILl-induced colonies. 
 When the
 

concentration 
 of anti-IPl was increased, the numbers of
 

IL1--induced colonies 
was gradually decreased 
until completely
 

inhibited. However, 
 anti-IL6 and anti-TNF-alpha had very low
 

effect on 
 the numbers of ILl-induced colonies. The 
 correjation
 

ofthe numbers of ILl-producing 
 cells and the levels of ILl
 

produced in normal subjects is shown 
in Figure 2 with r = 0.981.
 
E. 	 EroductiQn _f__L

,6 _ _Ua.2LT
 

PBML (ixl3tm ) were stimulated with PHA (2ug/ml) 
or PPD (10
 

ug/ml) at 37oC 5% CO2 for 18 
and 48 h, respectively. The cultures
 

were centrifuged and supernatant was 
added with alpha-methyl-D­

mannoside (20 mg/mI) prior to 
storage 
at -70oC for IL2 assay.
 

5.7 "Ita- it a f v
 

Unknown samples were 
 serially diluted in 
 tissue culture
 

microtiter plates 
 and added with 3-day Con A blast spleen cell
 

suspension (8xl04/100 ul) 
 for 24 h. Tritiated thymidine (0.2
 

uCi/50 ul) was added to each well and 
incubated for 
18 h. The
 

cultures were harvested and 
counted for radioactivity by a liquid
 

scintillation 
counter.
 

5.8 - --- -rts e c
 

Spleen cell suspension (ixlO/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 3x10 7 cells/ml.
 

5.9 DeQt/rjninat.ion of TL2-Droducing-cells-and IL2 levels
 

Pr-o-d cd-.__ P L__.QL._LtP~o ;Yand normal
 

For the determination of IL2-producing cell numbers, soft
 

agar gel technique was used. Each plastic petridish (35xi0 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 nl 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% C02 370C 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 contain IL2-producing cells that are rot
 

statistically different from normal controls (Table 3). However,
 

the IL2 level produced by PBML strimulated with PPD in LL/BL
 

leprosy was significantly higher than other types of leprosy and
 

normal controls (p<0.05) (Table 4).
 

5.10 diLchiL_,n-im1separatioQn of suppresnr-land helper T cells 

PBHL (4X106/4 ml) were stimulated with Con A (50 ug/50 ul) at
 

37oC 5% C02 for 18 h. The cells were washed and further
 

incubated for 42 h. After washing the cells were adjusted to
 

1x108 cells/ml in 10% FCS in RPMI. The Con A-stimulated PBML
 

were se~jarated for T cells by E-rosetting technique. The T cells
 

(ix10/ml) were mixed with 1% Con A-coated SRBC, centrifuged at
 

600xg for 2 min and incubated at 37oC 5% C02 for 1 h. The cell
 

pellet was resuspended gently with a pasteur pipette. Con
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A-SRBC rosetted and non-rosetted T cells were separated oy
 

Ficoll-Hypaque centrifugation. ConA rosetted T cells at the
 

bottom were lysed by hypotonic ammonium chloride solution. The
 

Con A-SRBC rosetted and non-- rosetted T cells were studied for
 

their regulatory function in HMI, by revei'sed hemolytic plaque
 

assay and production of IgG, and in CMI by IL2 production of 

PBML. 
5. 11 Sot t noh --Qn._ -uppression of 

Study of immuncregulatoiy mechanism in leprosy was carried
 

out by incorpoi-tting iiJomethacin into culture of PBML stimulated
 

with M-L le. rae. 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 ML Iepae. 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, S)
 

When PBML of normal(skin test +-e for PPD), TT/BT or LL/BL
 

subjects were cultured with PPD, there was high in normal but
 

very low IL2 production in TT/BT and LL/BL subjects.
 

Nevertheless, indomethacin incorporated into the cultures
 

significantly enhanced the production of IL2 in all groups of
 

subjects tested. (Figure 7, 8, 9)
 

Our study suggests a difference in immune response to
 

ML- 1ira 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 zieeds further elucidation for more
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information to understand immunoregulatory mechanism in leprosy.
 

5 .12 Study o- in l
 

Our data shows that IL-2 and IFN1-gamma genes remain
 

inducible throughout the development of' leprosy, from TT to LL
 

stages, but sigi-ificantly below normal in the TT,BB and LL
 

stages. Thus, as measured by induced expression of these two
 

genes, there is a discerribie defect in the capacity of PML 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-gamma 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. Our molecular approach is able to
 

reveal aberrant patterns of IL-2 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. For
 

more details see attached report from our Israeli counterpart.
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6. ImpIac .,_ anc_-addTechnoloyT.n,-r .
 

The Israeli Principal Investigator, Dr.R. Kaempfer made
 

2 visits to Dr. Makonkawkeyoon (SM)'s laboratory in Chiang
 

Mai, Thailand. The first visit, during December 16-21, 1989 

included 4 full days of diocussion with SM and his team and an 

extensive guided tour of leprosy patients at the McKean Leprosy 

Rehabilitation Center in Chiang Mai. Dr.Kaempfer also gave a 

2-h seminar, entitted : Regulation of Human Interleukin-2 and 

Interferon-gamma Gene Expres.ion 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
 

also 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 

l.aboratory ar. the Hebrew University of Jerusalem, Israel 

during June 1 - July 4, 1989. The training included transfer 

of technology on the basic and advanced techniques on gene 

expression. Such technique had now been set up successfully
 

in the Department of Clinical Immunology, Chiang Mai
 

University. Subsequently Dr.Praputpittaya has transfered
 

those techniques to his colleaques 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, Qur group, in
 

particular Dr.S. Makonkawkeyoon, is recognised as expert in
 

cellular study in leprosy and tuberculosis. 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 cf these visitors came to
 

visit our laboratory while they were attending a 9--month
 

Diploma Course in Dermatology at the Institute of
 

Dermatology in Bangkok, Thailand.
 

An extensive financial support from USAIb 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 IMMLEP) personal communication,
 

our laboratory in Thailand has been recognised as expertise
 

in cellular immunological study expecially in leprosy and
 

tuberculosis. Following this we are quite confident to
 

claim that our laboratory could be a centre .f cellular
 

study in immunology at least in the ASEAN countries
 

7. 	 'C -tiLsia=dnOn tput : 

Eu blicatian 

"Enumeration of interleukin-l producing monocytes from human
 

perirheral blood mononuclear leukocytes by agar plating
 

technique". Hirunpetcharat C, Maneekarn N, Kasinrerk W,
 

Supajatura V, Praputpittaya K and Makonkawleyoon S. J
 

Immunological Methods 140(1991): 173-180.
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Presented Scientific research
 

1. Effects of 1..itubriQUaLa on the production of IL2 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 1990.
 

2. Enumeration of Monocytes producing ILl in normal
 

subjects. B., Hirunpetcharat C, Maneekarn N, Kasinrerk W,
 

Supajatara V, Praputpittaya K and Makonkawkeyoon S. Presented at
 

the 8th RIHES Annual Meeting, Chiang Mai, University, 20 June
 

1990.
 

3. Effect of Indomethacin on the suppression of IL2­

production by . . Praputpittaya K, Makonkawkeyoon S,
 

Kasinrerk W, Hirunpetcharat C and Sriburee A. Presented at the
 

8th RIHES Annual Meeting, Chiang Mai Univer,;ity, 20 June 1990.
 

4. Expression of Interleukin-2 and Interferon-gamma genes
 

in Leprosy. By Praputpittaya 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. Studies on the immunological defects in leprosy
 

patients. By Kasinrerk W, Sakonwasan C and Praputpittayn K.
 

Presented at 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 Kaen University, Thailand
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Training 

1. Dr. K.Praputpittaya had been trained in R.
Dr. 


Kaempfer's laboratory 
 at the Hebrew University of Jerusalem,
 

Israel, during June 1, 
1989 to July 4, 1989. The t;-aining
 

included basic and advanced techniques to start research on gene
 

expression and to practice techniques in in v culture
 

conditions for measuring both function of 
the IL2 and IFN-gamma
 

genes in peripheral blood mononuclear ce'ils and to discuss and to
 

plan work for both 
 Thai and Israeli groups throughout the
 

project.
 

2. Dis. K.Praputpittaya and S. Makonkr.wkeyoon attended the
 

BOSTID/AID Workshop for PSTC and CDR researchers on Polymerase
 

Chain Reaction Technology; 
at the Center for Advanced Training
 

_n Cell 
 and Molecular Biology (CATCMB), Washington D.C.,
 

during 24-28 September 1990.
 

8. EX-_
jn -proucltiit
 

Our project has accomplished most of the proposed
 

goals. Only that the ILl and
levels of IL2 produced by PBML were
 

measured by bioassay rather by immun:-jassay. These two techniques
 

are different in that bio ,ssay measures function the
of two
 

components 
 whereas the immuiioassay measures quantitatively. It 

is, thus, ideal to measure the two components both by bioassay
 

and immurioassy. Reasons why we firstly did not use the
 

immunoassay was that the technique is too 
costly. Nevertheless,
 

this could be done later since we have kept supernatant left over
 

from the bioassay.
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9. 	 Future Wprk 

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 [.]tReI such as recombinant protein, synthetic 

peptides 	might be good or even better than 
 native a.JIprae
 

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-I producing cells and ILl level in
 

leprosy and normal subjects.
 

........-----------------------------------------------------------


No. ILl level (u/ml) ILl producing cells
Subjects 


(/2x1O5 macrophage)
tested 


.........----------------------------------------------------------­

126457.95 + 21.28Q 3534 ±LL/BL 	 10 


4053 ± 3340
BB 	 3 81.21 + 81.17 


3971 ± 1065TT/BT 	 15 58.42 + 18.01 


2938 ± 540
42.45 ± 9.32Normal 	 14 


----------------------.------------------------------------------­

a X + SEM
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Table 2 Effect of anti-ILl, anti-IL6 and anti-TNF alpha on the
 

numbers of ILl-producing cells in human PBML
 

Subject 	 Antiserum added
 

No. none 1/2500 1/500 1/100
 

1 708a 402 (43.2)b 288 (59.3) 31 (95.6)
 

2 484 388 (19.8) 80 (83.5) 0 (100)
 

3 698 582 (16.6) 296 (57.6) 0 (100)
 

4 1121 982 (12.4) 421 (62.4) NDO
 

Anti-ILE
 

4 1121 1150 (-2.6) 925 (17.5) ND
 

5 750 722 (3.7) 710 (5.3) 770 (-2.7)
 

Anti-TNE-_J_2
 

4 1121 1063 (5.2) 978 (12.8) 989 (11.8)
 

5 750 710 (5.3) 762 (-1.6) 720 (4.0)
 

a 	 Numbers of ILl-producing monocytes from adhering IxIO5
 

PBML in 2ml medium in plastic culture plate.
 

b 	 Figures in parentheses are expressed as percent
 

inhibition of ILl-producing cells compared to no
 

antiserum (none).
 

c 	 Not done 
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-------------------------------------------------------------

-------------------------------------------------------------

---------------------------------------------------------------

leprosy and
 
Table 3 	 Number of IL2-producing cells in PBML of 


normal subjects.
 

IL2-producing cells (/10 PBML)
 

. . . . . . . . . .	 . . . . . . . . . . . . .­

PPD-stim.
PHA-stim.
Subjects No. unstim. 


LL/BL 5 103 L 48Q 666 L 189 273 h 47 

BB 3 85 ± 34 1025 L 426 616 ± 362 

TT/BT 7 208 ± 53 441 L 182 427 ± 117 

Normal 8 210 ± 57 866 ± 404 572 L 163 

a X+SEM
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Table 4 	 IL2 level produced by PBML of 


subjects
 

Subject IL2 level (U/ml) 


PHA 	 PPD 


LL/BL 15.34!1.95 Q 1.84E1.01 


(29)b (29) 


BB 26.84±12.18 2.35±0.84 


(9) (9) 


TT/BT 9.56L2.08 2.04±0.63 


(20) (22) 


Normal 16.21±.2.31 2.05+0.53 


(31) 	 (32) 


a X±SEM 

b no. of subjects tested 

** p<0.0o as compared to normal 

leprosy and normal
 

IL2 level 	(cpm)
 

. i]evraae
 

1415L2771*
 

(24)
 

699E179
 

(7)
 

780L126
 

(19)
 

823E94
 

(29)
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Figure 1. Evaluation of PPD lot 1 for 
stimulation of
 

IL2 production from PBML of normal 
subjects
 

(skin test positive to PPD).
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Figure 2. Correlation of ILl 


in 4 different concentrations 
of monocytes, each concentration
 

5 PBML;
- = mean±S.D. of 2.5x10
consisted of 3 normal subjects 

( 

iN = mean±S.D. Ix10
6 PBML; 

+ 	 = mean±S.D. of 5x1O
5 PBOL; 


= mean±S.D. of 2x1O6 PBML).
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Figure 3. Effect of indomethacin on the suppressive
 

activity of M.leprae on TL2 production of
 

PBML from normal subjects (M.1fprae 50 ug/
 

culture)
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Figure 4 	 Effect of indomethacin on the suppressive
 

activity of M.leprae on IL2 production of
 

PBML from FT/TT leprosy patientc (M.leprae
 

50 ug/culture).
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Figure f. Effect of indomethacin on the IL2 production
 

from PBML of normal subjects.
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Figure 8. Effect of indomethacin on the 1L2 production 

from PBML of BT/TT leprosy patients when
 

stimulated wit~h PPD.
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Objectives
 

The aims of this project are:
 

1. To train, at The Hebrew University of Jerusalem, personnel 
from
 

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 (IL-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 IL-2 and
 

IFN-gamma genes 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 suppressor cells in
 

inhibiting the function of IT,-2 and IFN-gamma genes in cell
 

populations from patients 
with various forms of leprosy.
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REPORT
 

I. Site Visit of Israeli PI to Chiang Mal
 

The Israeli Principal Investigator visited Chiang Mai
 

December 7-18, 1991, to allow analysis of the results in hand so
 

far with both Dr. Kriangsak Praputpittnya in the department of Dr.
 

Sanit Makowkawkeyoon and meet with the clinicians at McKean Leprosy
 

Rehfbilitation Center responsible for the patients analyzed in this
 

study. lie also delivered a 2-hr seminar at CMU Medical Center (see
 

attached announcement) that elicited spirited discussion.
 

An unexpected bonus was ihe 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
 

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

is impaired in leprosy, fluctuating with the clinical status of
 

patients and their bacterial antigen load, rather than with stage of
 

the disease. She attended the above-mentioned 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. Dynamics of Regulated IL-2 and IFN-Gamma aene Expression
 

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

leprosy subjects and 25 normal donors. In the interim period,
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a problem to collect PBMC from additional patients in

there was 


to the

Chiang Mai based on a temporary suspension of AID funding due 


in Thailand, now reversed, as well as to

unstable political situation 


a prolonged breakdown of the gamma-irradiation facility at Chiang Mai
 

expected to be overcome only by

University Medical Center that is 


active collect:.on of bloou samples
mid-December, 1991. At that time, 


will resume; nitrocellulose filters containing their RNA will again
 

analysis, with healthy

be mailed to Jerusalem for molecular 


each set of donors.
controls included in 


donors, distributed
We presented the results of analysis of 81 


Is follows:
 

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

CONDITION DESIGNATION NUMBER OF CASES
 

Normal donors NORMAL 
 24
 

Tuberculoid TT 7
 

Borderline tuberculoid BT 18
 

Borderline RB 
 5
 

Borderline lepromatous BL 11
 

Lepromatous 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 induced expression of
 

these genes, but also the intactness of mechanisos 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 blood. A wave of- IT,-2 and of IFN-gamma mRNA is
 

induced by exposure to PHiA, 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 (ClIX). Expression of ItL-2 and IFN--gamma genes
 

into mRNA and active protein can also he superinduced by exposing
 

cells, before mitogenic stimulation, to low doses of gamma­

irradiation that prevent nctivrition 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 
a 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 PIIA; 

(C) for 22 hr with PIHA;
 

(D) for 22 hr with PlIA, 	 but with CIHX (20 pg/ml) during 18-22 hr; 

(E) 	for 22 hr with PIfA, 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-rCl. RNA, precipitated overnight in 
ethanol at -20"C,
 

was dissolved into formaldehyde and incubated for 
15 min at 60"C.
 

Eight serial 2-fold dilutions, made in 
lOx 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 3 2 P-labeled RNA probes 
 for IL-2
 

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

nitrocellulose containing 
serially diluted standard RNA, purified
 

from 
 human tonsil cells induced with PRA for 24 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 PBMC cultured/ml 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 donors, enabling graphic
 

display of IL-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, in 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 mean
 

(SEM), in 5 bars denoting, from left to right, each of the 5
 

conditions of induction A-E defined above. Analysis of Fig. 1 was
 

presented in the previous report.
 

4. Analysis of IL-2 and IFN-Gnama mRNA Induction Ratios
 

Figure 3 depicts the index of induction and superinduction of
 

IL-2 and IFN-gamma mRNA, respectively, in the population of normal
 

donors and leprosy subjects. Index of induction is defined as the
 

ratio of specific mRNA levels obtained after culture in the
 

presence of PA 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
 

specific 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 IL-2 
 and IFN-gamma gene expression in Figure 


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

greater in extent. 
 Though in normal donors, IFN-gamma mRNA is
 

superinduced 
 significantly upon gamma-irradiation (S), that is
 

less the case for IL-2 mRNA. These findings are 
is also seen for
 

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

Inspection of 
 indices of induction P and Q shows that IL-2 and
 

IFN-gamma genes 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 (0 in Fig. 3) is well below
 

normal controls (N) in 
the polar types of leprosy, TT and LL, except
 

for the 22 hr value of LL, the significance 
of which remains to be
 

established, 
 since the IFN-gamma gene shows consistently low
 

inducibility 
at both times of induction.
 

A similar trend is evident 
in the transition states BT, 
 BB and
 

AL 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 B1, even though group size for some
 

of latter is large (see Taile 1).
 

Inspection, in 
Fig. 4, of response to superinduction by CHX and
 

gamma-irradiation (indices 
of superinduction 
 R and S, respectively)
 

shows significantly below normal values 
in TT and LI., with more
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variable results for the transition stages. In both TT and 1L, there
 

is a striking absence of CHX and gamma-irradiation superinduction
 

responses for the IL-2 gene (values close to 
1), accompanied by
 

greatly reduced superindictien responses for the TFN-gamma gene.
 

Coupled with the decline in inducibility, these results must 
 mean
 

that post-transcriptional and suppressor cell-dependent downregul­

ation are not oper-.ting normally in the TT and LL subjects. Since
 

gamma-irradiation prevents activntion 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 L subjects 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 IL-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 and can thus distinguish between
 

partial and 
full activity only over a narrow range of response.
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Given the ongoir.g uncertainty regarding the question, if
 

unrenponsiveneas of the immune system in 1eprosy is antigen-specific,
 

as generally thought, or based on a general i:,pirpmn. nt of the
 

cellular immune respoase, our results 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 CD8 subsets should be
 

quantitated in Chiang Mat 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
 

be quantitated in Jerusalem not only per total PHMC, but also as
 

standard units of mRNA/T cell. In this manner, it can be showin if T
 

cell function is affected throughout the stages of leprosy.
 

(c) Individual patterns of"gene expression should be matched with
 

drugs or other treatment received, information that should be
 

collected for all donors examined.
 

(d) 311-thymidine incorporation response to PHA should be determined
 

for all samples of PBMC collected, as ai independent measure of T
 

cell function.
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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 3­

actin. This requires more IIBMC and will be done only where that 

amount is available.
 

(f) Similarly, on selected donors, both normal and 
leprous, IL-2
 

and IFN-gamma production should be assayed in culture medium at 72 hr
 

after stimulation with PIIA. This also requires more PBMC for longer
 

incubation. The assays are available 
in the Chiang Mai laboratory.
 

AA 
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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 sttges.
 

IL-2 and IFN-gamma mRNA was quantitated, in standard units/cell, in
 

PBHC 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 quantitated, in standard
 

units/cell, in PBMC 
 from etch donor, cultured in 5 different
 

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

Fig 3 - Index of induction (P, Q) and superinduction (R, S) of IL-2
 

and IFN-gamma 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, QrC/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 each individual donor and then averaged
 

for each group. Ratios of induction 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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En umerat ion of intericukin- I producing ifonocytes from11 huiman
 
peripheral blood mononucilear11 icukocytes by agar
 

plating ticchniqtie
 

C7hakrit I litiripetchairat 1. Nii,Iat M~mcekaii K \Vtchira iK;timinerk 3, Voialack Supajimura -

Kiiangsak i'aputpiltaya nd Sainit Nikonka\%keyoon 3 

~11/.,!/21 ii(( rci.>Jim 	 W~ii,f %1,il JOW, Fa,,,ipiiI 3 Mardi 

ciii' iiiiis 1C Il'uu11,1t: 13JNIHv; Iti 1 ' )) l dIi(I C', 	 el,I iiiNCie' ii.- Mo~ iti ii 

pl klp Ik i I I iiiiioiier', CN \kCiC ioLO, i %.io iiiea l cd IlN Iliii fie i! l(1'I i lielol, i cites mliu 1[A 

"L~l~ld kitl i itIIle ohc Ii inoc\ie'i piim lie d n ~ i ld lill III oiiiphIiCtiii 
rC~ifi Iill 11ii1CCiii I I I 0cotor o jiiotc s i'.iu 'I- Ii,-1T(U It li ,,tj.iiiia Coones(i 

;OI ll 	 aou 1--1piodieei 

orJ. 	 tIS alii e 
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I / I , I.10, ilir :I %t mrhiu Mi i f,ii
c -2 lit. 2 ai St i1m'.S I1p Luu ,e' id c iui~u u n 
il 0,1 	 I L-I I\it "tc)~k~-C' iurt.Wii fliiiI .- nU iiiteic %k1i 

- 1,SmL.11,I tcIl~lIhcr, o II -p (" 11 -2III(~I I Ii lud I icAiiI1-u e j ellSIt l cd h 

11111O C t I)L .I I 7iiui"( I %tcli 111Ci~e.11 

111011il, CIL",i~ff'IT,i c ,11 1 111 ,lhJ'sI \\CiurC.~~rk l ts I] ). a IICle11 II1IS0t1- ph ipl Aiiufi) cel Iirioi 	 o 



17.1 

A., 1979). lift fletikin-I rcpre,,cnIs a family of 

)ties, of' Mlidl OIC C011 111CI'Cd CNSL'IIIi:d for 
tile induktioll of imilltille ICNPIIIINC , both it) %io 
alld ill %ill(). HIC 1110t 'igllifiCAIII (11dlC ,C ;tC(;',i-
IiCS I' IIIC C;11)Iftil to IilllLlllt-, (Ile ploductioll (it 
IL-2 h. "I'(" lk. flokekel, II,-I Iko :Irl 
il)CICAIC ill I'01h (L11111CIAIHIC ill %iO.%tilidlIIKIV 
IlcIp ill lilt,( jimminc rL"j)(1111CS (0 ill%,Itllllg [Ill-

It\ 111CCIICIA ill 11--l (111 
I*kL'Il ploIllcialloll 111IL-11,11kin-I INnomiAl pio­

killiCif h\ JCtIaItk-d 1111lilt M lit IL-Al 1)11,ii!01. ICS LIC-

I I%Cd I I I IM Ilk I I I'lICIA I'll It'd 1 -1 ( 1111C I t I N111CS. of 

11% lk' 11 t,, L TIT],I I IT( lilt It'.%IL'S.1Hd I 11. ITT( cCIIIt %Ili' [111:101 
llllc (I 'Iclilliml. P), ,3). 11--l ml iln-

[01C ill IIIC jIAI1l01--LI;L:1I1 'If 111.111% 
Alld IIMLIIIIIIN 11 i kLA HICkh'tiol (It (hc Ilt"I 
IL:SIit )IISL IT, %a I: I I TIN, ill t L-c it ill N. I; II'l In TIT. I !(IT%. I [I k I 

11MILIIIIIIIII'lC 1 11 )II1.11LAIII. 1"YO 

It If,!, I't-cil Ill'it IllcIc .11C lt li"I't Imi 
Lll'tlllll 11;1111.tll 11. 1 11101CIIJIL" . ILIHIL'If 11 -11. Alld 
11. IJ3' (%IIILII 11 AL. SC\C[Al Lthl-tllollc 
h,1%c nl ,Iulcd 11 1 Ill 111111i'm !,od\ thil'k fill 111C 

'Ind of I'lo-
'C'NILIA1111 I'll ki.11,101 IMILHI-111. HICIC 
11 All itd fill dL1CIIlIlL! 11-1 mI\NA ITTLLTIJITI 

11-11t." I' Ill (it IIA Ilh-1!IJIL'd !IILll 

I!I'c'I'c I ( I Iti II't it 'Ind 1 .1, 11m .m . 11)."5 ). Iit! c r­
- "'Kill- 1,111111111IJ1,11C ITTO IL' ;)It -lilt 1,1111 " I ITIOUIC 

ICS L-1111L I A11111C. Ill Ill 11W JIIL 'L*[IkL' Ill 1,.%\ 

L1 111L k )I d HIIIIII'L ;11C It LIM, ';;LIT .11 111 IA 

P ! 11-Itl L'! A . P)-(0 !, !'-d 
!It 111ki. ''\ 111111111.0C IlIC j)h 1lk I.lIlllfI (11 

IIIIIHI OV-1111IOIL" h(IIIIAll HA 11U'LlAk st"J\Ld 
1,\ 11 1 1 .I'Illoll Ol 1111tORII-

I -!!, , 
I -11 1 Ill II I'b -[Ill. 'It 11 1 '1IjI1I IllI1l1ML' Ill' 
.; : ;, :;: ( " , .. ; . :1 ': , I . 11 . 1 . \ ; I I - I , , I. I I " ­

%L' i I N, t \ I I I I I I 1 11 \CI %klNtfL\k 111j)Cd . Ill \ 11it 11 

1 , J it, I I; Ill 1, llit"i'll I k " I,\ .1 llni Alk, I 

lk Ill 1111111 L' I It -111 1 111", \1 1.3 1!111111 %\ 11 111 1.Ind 11 1 W11\11/Li. P)"I. ( I011111). Ill"")illill. 
1111L1111 I"I U11L if -Ill 11 1 10 d IIIli 11thill I 11.1%C 

11111:)d Ill :l1IIl10 1%IL' -11 
I11.!jd I1j . %L1% lk*\ \ILIJ ILS lltL' 1IL'i'll L.1111111 

-111 1111 ill.! I IT 1! 11 !1 1 It I I , I Ill I 111111 1111' fill 111,11. 

1 11 TIIJL I I J)h,1L'L'N 111 1 IIIS I L Ili If t . X% I I Ili: I 

\111,plk- trld It 11.1!'IL' It I11111IJIIL'1111(ILlk1PIIIIIIII! thl. 
pl."Illkille Illi'llo,0c, 

The (Illaillitatioll is hascif oil tile plincillic that 
MICII IL-1-ploducing IllollocNICS are coctillured 
%%idi mouse ihmocNIcs and VIIA ill scmisolid 
iw lr Illetfillill. Illollw 111%illocNICS %%ill plolifelate 
MMAILI II--I-I)l0klIlCilIg IllollOcles. The IcNillfilig 
'cluActs or colonies of' L-dis' can lie seen and 
counictl under a ili"CL[iilg llliCIO COJV. F ICII 
climci or colom of L'A', WIlICIL'Ill" all indiidual 
If.-I-ploducing illolloc tc, 

Malcrials and inuthods 

bohnion (ol 1,18 111. 
Jilh-lilled Coll'L-Ilt \%;INlilq obtailled after [lie 

I)JIMC dild I)ONN1111CCOMIL'(111CI)CCII Of tile IItldiCil 
lidd hL-CII hlll LAII1.111IL-d, PCIII)IICIA blood f10111 
11.11fit Ill'in lig labolm o l\ lclkllllcl %\;t" ifl m n into 

;f lit I)JIIIII/Cd ICNI ItIbC ( Ill t ', 1111 ill 11100d). PC-

lij)IICIA Mood III(III(IMICICif lCukoikIL'S WHNIL) 
" Cle i'01AICLI h\ I LlI1I-II\;M LltIC dCiIS1I% giddiCill 
LkIllfill-IL2.111011 (I3Il\HIII. %\ANlIL'd 1\6 cc %kill] 
111,11MI1610 IJIL-Ilitlill Olld Ill RPI1 
1610 1IJl)j)IL:IIL-fltCkJ \kill] Ill'; hLAI-lIlJClIAICd IC­
1,11110%111C (Hill.0). W IIIM IIL'I)C,,ICIIIIII (I BS. 
[lilt L', 1111 6. ITO jl !, 1111NTICI)IO111\611, 
I MM 10,11HIll 11"Im.1tc '111dS , Ill , N I 
111LALAI)IOCIIIA1101 IiIM ljI:L'tC HIL-dillill). 

111M I., 4 - I ill 2A I fill ml pIC1 c 

!11J;11M. kL!L- ::l::1I,!UL-j into a 35 lit inin 
1)1,1111C LHIIHIC llIdIC ( NIIIIC. K M IlStrull.IP-'HL 


J:ld 1111,1111.11C(l7
dt 
2 -4 I. N oll 'i'llicti.111 kII, \ Clk: oll thick: 

'P 'Ill ;(" ;I 11IL-ill'i. PlINIE. floll-
IMICI LIll Mid 'ILI11L.1Cill cclk \iCI c q aIlled %%fill 

lit Ill SlIk k 11 It L NIL I ANL: NI.1111 ( ). A (HICIL-ill CCIk 

% % I. I L' \ IN I - jI I I I I I I % C I I -"' ).S It i I ' ; ( I I I I' ,I I I - SD 

I it I L.It lit I m al I I 111 L'I I N L' I LJ IL IT 1.1 ! 1119 tile 

L-\JCI IM 11111CI 1 11 Ill- 'ill it %ICI dM IL I IIIV (111 1lie p1m c. 

(Ilk: lWiC11,11\ \01WHIC ill Ill'; I BS RPNII 1040 
Ilk'dIUM \%JN, .11lik ki Io l)I1I\ldL L-0IILCIIlI;I­;I 1111,1i 
111-11Ill 1111 ill fill.);lilt'\ IL-1 C (IL1,11 2 

P f"'Ifl, "w il "PId d. h M lll:,111,11: I It-I (.1 

A , L w killictl aht - k,. Ific .1,111t I Cd IM 111OL'\ IC', (111 

IIIC 11LIN11k: 'AL'IC 10 " - 10 ' NSF ­111,111C .1dill'IL'if 
j)l11l(lC (LIIS 1111h\ Iklkllllg %JIloW, CAL'111,11Cd 
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Si ,il), 2(0w1i,'m w aidled to he 

amuints of FBS-RPNII medhilm. 
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, o 3 l h i t11.A (h itlli i .Ictkt l. 
I I 1I ul IIi lN l l C t C I l fCIIIi l S 
ti+e. ,ll Ilt. h .. I" 
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Illg l l h JI' ., 1" J, i l IlidI 1 
Slie I ,'th(I f i ,l tIL t l l . I I 

i 'k 1[ Htl l n !Icj 
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II[IhO 3._ - Ill 1l1,1l Ii1 ICti_ tLLlti I'L c.'m. A tie.r -'I1 

Ot ii iiII l,, h I'IIiI itll' \%'ICuli..llti.tC 
h L.lllk, t. I, tk ;t LtIC 114.',lunl 011110 ,+CI.]l,Ai 
tIlt !,'01111i11 (11 tht. ILOCt 1hrT.'t tlIIt.s ,lld the. (otjl 

|ILIIIIIli S Ofl Ilh lI- tIh'. L IIl1 '+'+\.'I .*uIt. Itt.tLCIN I, liec 

I t l11 11 . '.It-11111111)L'II tIx ' IS,, 1 C,Ih' Il 1 rC'l \ C+l,C 
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M',,r L,,. C ,11.!p _ ,r l AIC ttt 1 IdjtI t[CtA It.1t.', 

' k 1+. 

Mt' ,] l]leI II I , | It 1' .11Y Ii!1 ,. ,i11 ,*II lll. .1 t'Ill 

I,t\I IIII I rlt I ,dI InII ,I.; ,, h i d (II.TS. 
2L ! 1 .11, . J,]C~f ,J1' ."t I, lo I,(11C' tu ll 11101101:, 


'++uhIL1, ,.IC ,rIa,.11.Itd ,t .; (" '. ( ( ) , hII 4 ht. 

,,, 11hd t.+\iI.C. ,AMI th1CIl IWW;tt.,, v,1h Ji thy", IC~l. 


IlI!\!L!I.+C (]. l Ot RI.' lltt II 11 LtItlill con-~l 
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,t.IJ,\'l' •1 It l l! ih ,ij Iill 1S I.11,, l, 

II ]llt.I tIII ., 1tt I S'\%',iN[ it t., iIitrl,11 11 llA W | 

!,It,1IIlt'kI ,A~ It.'PiCIh ~~lld tit 11 .I j)[OduIl l 

i l111 1U, tC' I" . |Ih .'|| 11 lt.'+.I1C~I Ct.I 'LI 

1')-1: 11',', 'I+, ,I, f/' iil. I , , 111. 111t, 11 i 1, 11 1, '1 

I o1.t l , ,+ 1]? lpP hI1,t 	 ",~t' 

,IItIIU , t'L11LI II ~~.\'l l1,1' 1,1P R1€11, \ N t' .I1 1­

-Wnonl, Ill IP, %ll (11.0 5. LI. ,Wl,]m - " I k m'-l'1n 

l i:ttcii) Ntre ilriductd into li,,,te clturt. 
plats...ftcr 2 h utf iltuhation., iin-alhdL'r.nl 
\'lls , crc \I"hed ilW, 2111ig/1 I I I'S \i, aidt.ld 
njI the platcs .'ct. inw ilmed at 37 ( '. 5 ((), 
for 4 h. After .idhcrnt cll is iet. ',Ih d. lilt. 
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.\IL.'", C.tkl,I It. ill Alt'ICI 11 ,l,i ,S ll ill'h. 1 0 111. edm", 

/k', 11d l IS IS mmCtm.i \ \',1 1i. L:.i 

,,mimtL ic l '+111 1I ' 121i ,ig t)10i x11Rcd 2 '1ri -'j"Clt mm 
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25 24­priidUCiIL and iflctnined as described. iria- (A) (B) 

lion of the II-I levls and the numbers of IL-I -0 20 

prodiucing nitnoc)tes %;. plotted and the v;ile 
of tIle ditcimincd. 1coltcltion coefficicnt 

0 

Iffcct of mi-II.- /, i11t-II.-ti0/and til intli.J-I "6 
t,,idi,'s di'C, * ' of' ,du ,d I, "," "(i the ',, ,I.-l p 
oiiA 's 	 E 4V~tliolus 	 I1.-I, C. nidlititnS of illbit J11ti-hUnMn 


(lid .nti-iiim 0) 5 i0 40 00, 1 4
 

TNF-, ptI,O.lt al antibodiCS ( i ili (iotp- tPS i rni)lPHA - p (PgimlJ
 

rabbit ;iiiti-hul.inl IL-( i;hllit n 20 60 2 
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'nicrcfiire, %%e itc~ctiped :I simipleilt nd aight- it CNiIIt Of AMicrii)tII~iiIOC~ 1iilifcriliol ill IC­
Mei~ii ftur ilC;Ii lW fil ItI IIc I f NplIN5L t0 1ii0i11 F:Vi­nthiodi Oinhcs lIL-lI piOIuiiCCd ii11 ~12ONIS. 

II.- I -ptodintl mooils [IN o~cria 'iiig iullic- ticilce for this, i% the l112Nc tili liii(h t 1icicit 

iniinicr.',C~iiolid il!il'oe. I'li i', csti ctl iii ctii.?Lr% or ill; (I tts~u~cihtleit Htie li c ill o 

Lolililic, it 0ii i.- lllihii IClllidedt t i~ 11111 ICNI-' h t ;Itliii(',Lle lha O II llCII ICLil t :LI ia iSl'ti­

tL2 II LId " ilN liile h. iiih-il-i CO ll. itLl ON Lt i 10taflilLt Iit111 1ilih 11ACL uris ilItll 111(5 h 

(t\I IeIlilt it,11. nli Mid hci,h~ mcdsiii ing I fii~ii;ititi i 1111;N\%1 > i 1,illI Ile li lkfl i till lt. 2I 
Ndl~i lill It'll (it ithltii ,: it -i i 5CCI % otI L hisll.lici that11 Mifcl s mls .iitlct atili file 

-ia t111ir rillc', alt I~i>- ihiNii dlS ; 

X iIihji1\ililllt it t~itii List~illd 

bC IL tChilL-u.it iil ('ti 1. i tiuuiitricd IjIti Ih)(1S.J e I C1LI 'tiil ttir­
'( iIlit11it iSll I IS kl I t foiri folitj ;t N; i for siud1(i ol .I-I)III(iu 

ti C-lll i I h' (iut 11 - i I-jIO(IX. ilIr 11sc 1Cii ()urillil Iirli, iiiih l~ l uilL Ii- 11, 11;1 A.Illi (1 h 

LI A tIli l iiliii III~ L %il OIICid.ic that l e cell.uiihil \ uiCiuN ll NCLItl i A 'l"sli 

litiLLIi (It III. IIOt I311llin I li iiIJ . TCIlL­
1 I 11 l ilffl\A d L111lkC fl TC 11ii 

LIlllCLIiiI s 'LIIII.hii IfII It IPAIr elili llI TS. fil 11nh1)I OLfLilhIupt-- thyO~iili CS.- I,(1i~ . there­

1111 L/llticl i C II Llli't l lilt'Rv ii I fI.III ie 10fill 111 C idi 2III11L Ii I-ru- L10 111M T C 

it.iO t hS ICi l liitu l thl tic ' 1 inhdl >2fli 

C I,illIt 'I I I. I ii III a34I)c 1IilIIII I.it it InI m t I c t ,ii NIiiiit I i''& uI,Iik 2 

http:tChilL-u.it


IN) 

n AA(cii rig. Hg . J ir riiice. P. and IlimirP. R. (1Q55) Pr,.o-
illi'tli(n -ai ti i. i rI rlh.crlulkinis.J. IimIrtil olth-
odt 5.. I 

Gillis,S rid I,il'. S It. (1]- 1 ] t. i pll .tfvr 
111C .,il.I 'It Ii, Ill0trittkli tndt,urcd V-icelridiI ultirn. 
I ,s.N il .Ad -, 'ISI s A. 'S. II13. 

i tlliI) .imi I , olu I f In. . . II it,+) ritll-tk1-1r 'iIllula-
inI t I I.,t,. Iilit, I nl rltchiri nljn , SLicr c 
1 "+.1*)r. 

Kih.mr. I I . Kiti.,, K I . S it lIn .. %,t, file. 1), Ilmii iinr, 
ilCr.
5 . 1, . li.I SI l! (1. I IX, JIi . MNI S I)

;	 ' 
.	 1 IW - ,.I' I i - ll LHMkili .,midrmil-hukun 
I;i fund ltTh tr11111. : rrLI Ill J IrMuirt I "I. 
4>1'tl~l 


I , i uir.Ii+I [I 1' 1 lilll "iim1lt ikill I lrU fl.luir iu.111
1 


,+tI i d rt, 2 , N1i 
1" .h, ".11,I ,t l.11 ('Li tIll, d'IIr+ ,(", 11 A\ 1) P*IIr.Wll 

lrii.. .' itI P I (1,,!,ut. qmitumc itud c.tlc-wn iff 

N.ttrc 115. 1,41 

N 	 ltu'hii. K.. Tag ichi. \, Kiac,. Ij.Yo'ingir I I.A. and 
()ppm rli-cir.m,I J.( 1 f) Ilr-alellul. lri.rlioi if lumnan 
rimt i , ,cltc.'nl l i rclfki I (1 1 .lLII'lrt% l re­an 

u f',il . c,C. I .)il.drunim.i ai tl,t . I. \ "u n 
ptItl- irlJ hijiIIItrilr l I Ill,"M, 

( II, I:J . %,\i' u'iiirr r K Itl ) kirrin.i ii, .1 I. K.tum,,,. 
N K (r 1 ,) IlitiC is Mille1hn lric tri l 4t ikil I ImI 
m ,lii , 7.45. 

l. rr. V . " Ill. G . I ;,r i.,d!S jrld\fi,trzriic. N l4 ) 
I iiir.imi. k4 InttitIl 11\r11K lt4,iilitt Ct Il lii it 

,
nitt.'t|i d 1 lih(tiu,in.t. A.ir ulttmic it t. M a 
ktiit l1 ,ir1ui tl1 IlI 1th I 1]lriuul '. 1"-(1 

RU.1 I A I 11TC.11u.11, S. linnitfh. J A.. PII 
,ndnil ri-ncI K I juN1 S t tOlli n ii t i! i'i,,wli+ntt.'­

11ti h, liiir1iiM.in itl 11 ti,)ir .tic0 in ur Io 
t .l -Ihi,t I oti ,itIltItt Mtllme hrmi. -tic ­ d on trlirtrrcd 
hu~i, l.rI111111ll '.llI, j ( o11111it hJillIll%1.1', 

http:11TC.11u.11

