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BACKGROUND/INTRODUCTIONS
 

is a chronic infectious disease caused by a

Leprosy 


i !Prae. This disease has a wide
 
bacterial species, y g t 


the world. It is estimated that fhere

distribution throughout 


cases in this world. In
 
are approximately 15 million leprosy 


among

Thailand there are approximaTely 200,000 leprosy patients 


annually.
about 500 new cases 
a population of 50 million with 


one single species of M.leprga

It is very interesting that 


forms in different
 
is able to cause wide variation of disease 

individual's immune status 
persons, depending upon the infected 

course of leprosy is, therefore,(Rees, 1969). The clinical 

Leprosycontinuing host-parasite relationship.dependent on a 

groups (Ridley
classified into 6 immunopthologic
patients are 


(TT), borderline
polar tuberculoid
and Jopling, 1966); 


borderline lepromatous (BL)

tuberculoid (BT), borderline (BB), 


which is subdivided into subpolar

and lepromatous (LIL), 


and polar lepromatous (LLp).
lepromatous (LLa) 


the different clinical 
 forms
 
It is generally accepted that 

of leprosy are clearly associated with varying host defense and 

to M,1 pr £ (Jopling, 1984). However, the
 
cellular immiinity 


leading to the reduction or absence 

immunologic defect(s) 

of 

cellular immunity to M.leprae in lepromatous leprosy are not yet 

studies of patients with lepromatous
fully understood. Early 


there is a generalized anergy or
 
leprosy suggested that 


immunity to voi'ious antigens.for cell-mediated 

early statges, 

unresponsiveness 

Other investigators suggested that in the 
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antigens,
while unresponsive to M.lePlae
lepromatous leprosy, 


to other
 
appears quite capable of manifesting normal response 


test antigens such as coccjdioidin, histoplasmin, and PPD

skin 


Mendes et 

(Turk and Bryceson, 1971; Myrvang et al., 1973; al.,
 

1974).
 

Evidence for suppression of the immune response by
 

or monocytes in lepromatous leprosy

suppressor T lymphocytes 


1979, 1980, 1984).

patients has been demonstrated (Mehra et al., 


in
 attempts to find disease-related suppression
However, other 


have yielded conflicting results (Bjune 1979;

lepromatous leprosy 


Nath and Singh, 1980; Bullock et al., 1982; Stoner et al., 1982).
 

in vitro was shown to result
Leprosy-specific nonresponsiveness 

1L2 product ion and can be overcome by the addition
from a lack of 

was also shown
of exogenous IL2 (Haregewoin et al., 1983). It 


peripheral blood lymphocytes of Iepromatous leprosy pat ients 

produce upon exposure to .l4eprae and this 

that 

failed to IFN-Y 


of purified human IL2 to
deficiency was restored by the addition 

the in vitro lymphocyte cultures (Nogueira et al., 1983). 

In our studies, the immunoregulatory mechanisms in leprosy 

by measuring
patients will be evaluated at the cellular level 


of IL2 from T
 
levels of IL] from monocytes and levels 


numbers ILI-producing monocytes and IL2-
lymphocytes. The of 

producing T lymphocytes will also be evaluated, The function of 

suppressor T lymphocytes and helper T lymphocytes from leprosy 

be studied b:, IIMl and CMI assays. Molecular
patients will 

will

analysis of the genes controlling IL2 and IFN-Y production 

controls.also be evaluated from the same patients and normal 
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The active collaboration between a molecular biology
 

laboratory in Jerusalem and a cellular immunology laboratory in
 

cellular and molecular
Chiang Mai provides a bridge between 


chance to obtain
analysis of this ancient disease. The 


from this active collaboration
scientifically meaningful results 


can be rated extremely high. The results of this project are
 

novel insight into immunoregulatory
expected to provide 


mechanisms in leprosy.
 

OBJECTIVES
 

OVERALL AIM AND SPECIFIC OBJECTIVES.
 

is to
1. Overall hin. The aim of this research proposal 


elucidate 	the abnormality in cell-mediated immunity (CMI) in
 

of the quantity and functional intactness
human leprosy by study 


and monoctes producing ILl, by
of T lymphocytes producing IL2 


of the function of T helper and T suppressor cells,
examination 


and IFNand particularly their role in the regulation of IL2 


gone ex:pression in this disease.
 

2. Spgific Qbjecjives. The specific objectives of this
 

proposed research is as follows:
 

2.1 	 To investigate the level and numbers of ILl

of leprosy sand normal
producing monocytes from various types 


subjects.
 

and numbers of IL2-producing
 

of leprosy and normal
 

2.2 To determine the level 


T lymphocytes from different types 


subjects.
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2.3 To assess the effect, in vitro, of exogenous UL]
 

and/or IL2 on defective ILl-producing monocytes and defective
 

IL2-producing T lymphocytes of various types of leprosy and
 

normal subjects.
 

2.4 To evaluate the function of helper and suppressor T
 

lypphocytes of different types of leprosy and normal subjects.
 

2.5 To investigate IL2 and IFN-Y gene regulation in
 

different types of leprosy and normal subjects and the relation
 

between suppressor T cells and expression of IL2 and IFN-Z genes.
 

MATERIALS AND METHODS
 

E~Q1J~IQI AIPEEINT19HTQI QF 11Z LEYEL 

1. Eroduction of ILZ.
 
6 

PBML, 1 x 10 cells/mil were stimulated with 2 ug/ml PHA-P
 

or 10 ug/ml PPD (Connaught International Division, Ontario,
 

Canada) or 50 ug/ml PPD (Our own laboratory made PPD) or 20 ug/ml
 
0 

M .gIep . The culture was incubated at 37 C 5% CO 18 hours for
 
2 

mitogen and 48 hours for antigens. Cell cultures were harvested 

and centrifuged, supernatant added with 20 mg/ml of o?-metbyl-D
o 

mannoside, filtered sterile and then stored at -70 C for IL2 

level assay. 

Resting PBML was PBML after isolating from Ficoll-Hypaque, 
o 

it was incubated in 10% FBS-CRPMI 1640 medium at 37 C, 5% CO for
 
2 

24 hours. The resting culture was washed once with HPMI 1640
 

media before further used in the experiment.
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2. 	APY _f IN IMAiiY.
 

diluted in serial two fold dilution 1:2, 1:4,
Samples were 


of a 96 wells ti3sue
1:8, 1:16 to 1:256 in 100 ul in each well 


or 3-day Con A blasts cell suspension
culture plate. 	 CTLL-2 

3 4
 

respectively, were
containing 8 x 10 or 8 x 10 cells/lO ul 


added into each well, mixed, and incubated 24 hours. H-'TdR
 

incubated
containing 0.2 uCi/50 ul were adled into each well and 

were harvested onto glass microfiberfor 18 hours. Cultures 

a liquidfilters and H-TdR incorporation was determi ned by 


scintillation counter (LS 3801 Beckman). 

PETERNAT N QF THE NUMBER OF ILZ-PRO__ CELLS. 

1. Freoplroin of timVulAed PBML. 
6 

PBML, 5xlO cells/mi was stimulated with 2 ug/ml PHA-P
 

in a CO incubator, washed twice and then
(Wellcome) for ,) hours 


to a concentration of
resuspended with 10% FBS-CRPMI medium 


6
 
2.5x10 cells/ml.
 

2. Pre, Pr of 	3:day 9'o A:B0sts. 

Inbred strain of Ralb/c mice at the age of 6--B weeks old
 

were killed by cervical dislocation. Spleens were removed,
 

stainless steel mesh into RPMI
crushed, and passed through 


medium. After erythrocytes in the spleen cell suspension were
 

solution, spleen
lysed with hypotonic ammonium chloride buffer 


cells were w3shed twice and resuspended in 10% FBS-CRPMI medium.
 
6 

Spleen cell suspension at 1.OxlO cells/ml were cultured with 5 

ug/ml
7 

Con A for 3 days, washed three times and readjusted to 

3X10 cells/mi. 
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Soft agar gel technique was used for the determination of
 

Each plastic petri dish (35x10 mm) contains
IL2-producing cells. 


0.5% agarose in 10% FBS-CRPMI
lower agar layer consisting of 1 ml 


medium, and an upper layer consisting of 0.7 ml of 0.4% agarose
 

of responder cells (IL2-dependent
in 10% FBS-CRPHI medium, 0.2 ml 


cells) and 0.1 ml of effector cells. In control%, the upper
 

layer contains only effector or responder cells. All cultures in
 
0
 

the plastic petri dishes were incubated in 5% CO at 37 C for 5
 
2
 

days. The number of IL2-producing cells surrounded by IL2
 

responsive cells was enumerated under a dissecting microscope.
 

HILLUAH RQUIBIE EQH 9ENATIM PE IN~ ANDP LQYMEMENT QE ML 

1. Isolation and 2prificaton of !onoytes.
 
6
 

a 10 x 35 mm. plastic
PBML, 2 x 10 /ml, was added oito 

0
 

plates. After incubation at 37 C, 5% CO for 2 hours, non
2 o
 

(37 C) RPMI
out three times with warm 


plates were
 

adherent cells were washed 


1640 medium. The adherent cells on the plastic 


more than 90% positive for nonspecific esterase stain (+ve NSE).
 

2. I1f1AQDO aBnd Epir IlignQDf T P~ DnnT Ce1 g_
 

adherent
Non-adherent cells, from PBML L"ter adhering of 


rosetted with AET-SRBC overnight at
cells to plastic plate, was 

0
 

4 C. The rosetted and non-rosetted cell3 were separated by
 

Ficoll-Hypaque gradient centrifugation. The AET-SHBC in the
 

bottom layer was lysed by hypotonic ammonium chloride solution.
 

Both T and non-T cells were washed twice with RPMI 1640 medium
 



More than 95%
 
and then resuspended in 10% FBS-CHPMI 1640 medium. 


5% the 
 cells showed

of the T cells and less than of non-T 


tested with AET-SRB.
positive rosette formation when 


adherent cells and
 
In each study, PBML, T cells, non-T cells, 


the concentration of I 
 x
 
T cells + adherent cells were mixed at 


6
 
After 4 hours incubation,
10 cells/nil containing 2 ug/ml PHA-P. 


assayed

cell cultures were harvested and washed twice and then 


For IL2 level determination,
However,
for IL2-producing cells. 


and supernatant
incubated for 18 hours
cell cultures will be 


fluid assayed for IL2 level.
 

QE L49QQ1I9 BY EiLBQQLL 9QLUT1QMb19QLbIIQl M~! REARAI1Q 

UPPqr Laogr*
onenrtif in 1h
1. DetgrminpliD Pf Erol 


Nine 	 parts of Percoll (Pharmacia) solution was 
added to I
 

or

concentrated sterilized physiological saline 
nrt (v/v) of lOx 


(NSS) to yield 100% Percoll solution.
solution
normal saline 


PBML was mixed and resuspended in 63% Percoll in a volume of 2 ml
 

then overlayered with 2 ml of various concentrations 
of 9%, 12%,
 

were
 
15%, 18%, 21% and 24% Percoll solution, All tubes 


1640 medium, then centrifuged at 300xg for
 
overlayered with RPMI 


the interfece between
 
30 min. at room temperature. Cells at 


,,4ith
1640 medium was carefully removed 

Percoll and RPMI 


counted and stained with nonspecific
sterilized pasteur pipette, 


esterase stain.
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2. ppigringi2n Qf eqrll ~Q ~n~nin tbt LQmr LOY~r. 

PBML was mixed and resuspended in various concentrations of
 

Percoll, 45%, 51%, 57%, 63%, 69% and 75% in a volume of 2 ml,
 

overlayered with 12% Percoll solution and then with RPMI 1640
 

medium. All tubes were centrifuged and all further steps of
 

procedure were performed a3 above.
 

1. Prepgralion of PPD. 

M.tuberculosis H37Hv was grown in Long's synthetic medium
 

fcr 6 weeks. The bacteria was killed by 100 C steam for 3 hours.
 

Culture fluid was passed twice through sterile gauze. The
 

cell free culture fluid was added with 4% trichloroacetic acid
 

(TCA) and precipitate washed twice with It TCA and once with 0.3%
 

KH PO The precipitate was dissolved with 1/125 of starting
 
2 4
 

volume of M/6 Na HPO containing 2.5% Nal. The solution was
 
2 4 

centrifuged at 3200 rpm for 2 hours. Supernatant fluid was
 

collected and filtered through a 0.45 ,u membrane filter.
 

Proteins in supernatant fluid was precipitated with saturated
 

ammonium sulfate solution pH 7,2. The precipitate was washed 5
 

times with 1% TCA and then dissolved with M/30 phosphate buffer.
 

This purified protein derivative (PPD) solution was steriled by
 

filtration and the protein content was determined by Biruet and
 

Lowry methods.
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2. Deter i ation of pptinal Concentration of PPD for Stimulation
 

of -La Production.
 

PBML lxO6 /ml in 10% FBS-CRPMI 1640 media was incubated with
 
0 

0, 5, 10, 20, 50, 100 and 200 ug/ml of PPD at 37 C, 5% CO for 48 
2 

hours. Culture fluids were harvested and collected by
 
0 

centrifugation and stored at -20 C for IL2 assay.
 

19PLATHN ANMIP~ALATIPTh QE 1 HLL H!IPOPULA1I QH. 

1. Determination of Comp1ement Dilution for Comp1ement Mediated
 

Cell Cgtooxiity~.
6 

PBML ixlO /100 ul was added with 5 ul of either ORT3, OYT4 

or OKT8 sere (Ortho Pharmaceutical, USA.). Rabbit complement it) 

various dilutions was added in a volume of 100 ul. The cell
 
0 

suspension was incubated at 37 C for 30 min and the viability of
 

cells determined by trypan blue exclusion technique.
 

2. Determination of OKT4 Serum for Compemnen t Mediated Cell
 

6 6
 

Human T cells ]xlO or 2xlO cells/l00 ul was added with
 

various amounts of OKT4 serum and 100 ul of 1:5 rabbit
 
0 

complement. After 1 hour of incubation at 37 C, 5% CO 
2

, the celle 

wus washed once with PBS and the viability determined by the 

trypan blue exclusion technique. 

fjILJPY QE JLZ AIW IE1A:l GENE EEESI) IN IIQHL1AL gLJ~ifCTS.
 

Human PBML of 12 normal blood donors were tested for their
 

IL2 and IFN-Y gene expression in response to PHA-P, in untreated
 

cells and in cells treated with cyclohe-imide or Y -irradiation.
 

The procedure is as follows:
 

1
 



I. DAY i fulmrgQ f LymphQQylgo. 

1. Collect peripheral blood from subject in heparinized
 

of whole blood is sufficient. Blood
 

samples should be processed as soon as possible on the day of
 

collection and should be kept at room temperature to ensure
 

optimal results.
 

tubes. Ten to twenty ri1 


2. Dilute blood with PBS at 1:1 (v/v) in a 50 ml centrifuge
 

tube. Mix the sample3 evenly.
 

3. Prepare 15 ml centrifuge tubes each containing 5 ml
 

Ficoll-Hypaque. Mark the tubes with patient identification.
 

4. Carefully, using a 10 ml pipette, layer 8-10 ml from the
 

diluted blood over a bed of 5 ml Ficoll-Hypaque in each tube.
 

Don not mix the F-H and the blood sample.
 

5. Centrifuge at 200 g (1000 rpm2 in a cell centrifuge for
 

0
 
30 min at 18-20 C without using the brake.
 

6. 	Collect the white interface layer containing the
 

a clean ml
lymphocytes with a pasteur pipette and transfer to 50 


a
centrifuge tube. It is essential to remove all the material in 


minimal volume.
 

7. 	Wash cells with at least 3 volumes of RPMI 1640 warmed to
 
0
 

at 18-20 C. Do
room temperature. Centrifuge at 200 g for 15 min 


second wash with 25 ml RPMI 1640.
 

S. Discard supernatant. Resuspend the cells in 5 ml of
 
0
 

complete medium warmed to 37 C.
 

9. Count cells.
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6
 
10. Adjust cell density to be at 4xlO cells/ml. Although
 

this cell density is s>ptimal, the assay will give satisfactory
 
6
 

results with as few as 0.5 x 10 cells/ml. Thus, if lower cell
 

density 	is obtained, keep total volume at 5 ml.
 

11. Dispense I ml of suspension into each of five culture 10

ml tubes and treat them accordingly as follows:
 

Induction of mRNA:
 

Tube 1: Control-not induced-harvest at 18 h.
 

Tube 2: Add 4 ul of PHA-P at 0 time and harvest cells at 18 h.
 

Tube 3: Add 4 ul of PHA-P at 0 time and harvest cells at 22 h.
 

Tube 4: Add 4 ul of PHA-P at 0 time, superinduction with 2 ul
 

cycloheximide (10 mg/ml) at 18 h, and harvest cells at
 

22 h.
 
60
 

Tube 	5: Gamma-irradiation the cells with 1500 rad with a Co
 

gamma cell 220 (Atomic energy of Canada Ltd. or
 

equivalent) at 0 time, then add 4 ul PHA-P. Harvest
 

cells at 22 h,
 
0 

12. Incubate cultures at 37 C in 5% CO atmosphere for 18 h
 
2
 

to 22 h.
 

2. P2 2-Cell harvesting nad mgNA extraction
 
0 

1. Thaw 7.5 M guanidine HCl solution kept at -20 C. Harvest
 

cells at the time indicated in step 11 of Day 1. Take out
 

cultures from the incubator. Mix the cells in the tubes by
 

tapping the bottom and by pipetting the suspension in and out of
 

a sterile pasteur pipette or 1 ml pipette tip.
 

3. Transfer the cell suspension into a sterile Eppendorf
 

tube.
 

13
 



4. Centrifuge at 5000 rpm (Eppendorf centrifuge) at room
 

temperature for 5 min.
 

5. Discard the supernatant using a sterile tip or vacuum.
 

Vortex the pellet to disperse the cells.
 

6. Add to each tube 0.4 ml of 7.5 M guanidine HC] solution,
 

7. Dissolve pellet by vortexing the solution for at least 20
 

sec. or until no aggregates are found in the solution.
 

5. Add to each tube 20 ul of 2 M Potassium acetate pH 5.1.
 

9. Add to each tube 250 ul of absolute ethanol kept at -20 C 
0 

10. Mix ano leave at --20 C overnight. The preparation is
 
0 

and can be stored at -20 C for longer
stable at this point 


periods if necessary.
 

Note: It is suggested that samples be stored at this point of the 

from 2-4 subjects is available forprocedure until material 


further processing.
 

3. D y 3. 

1. Centrifuge the Eppendorf tubes at 12000-14000 rpm for 30
 
0 

Min at 4 C in an Eppendorf centrifuge. 
0 

2. Prepare a 60 C water bath.
 

3. Thew 37% formaldehyde solution.
 

4. Discard the supernatant carefully with a sterile tip.
 

Mix on vortex until no clumps are found.
 

5. Dissolve pellet in ]00 ul of 37% formaldehyde, as the RNA 

is to be tested against 2 probes (IL-2 and IFN-T). Take care to 

pllet dissolves completely.
vortex until RNA 


6. Add 110 ul of 20x SSC, and vortex. 
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0 

7. Place the tubes on polystyrene fonm in 60 C water bath 

'or 15 min for RNA denaturation. 

8. Prepare 100 l of lox SSC by diluting thy 20X SSC 

solution 1:1 with sterile double distilled water. 

9, Wet the 9 x 13 cm nitrocellulose paper and the GB00 

blotting sheet with sterile double distilled water. The 

nitrocellulose sheet should be wet gradually. Change the water 

to lOx S.C solution. Soup for at least 10 min. 

10. After RNA denaturation, dilute each sample by eight 2

fold serial dilutions with l0: SSC : [Add to each wel l of sterile 

microplate 100 ul of 10.-: SSC. Pipette 100 ul of the sample to 

first well and then serially dilute by pipett ing to adjacent 

wells!. For each patient on, will finally have ,4c' wells and one 

blot will be loaded with 0 we]lis (2 patients). The unused wells 

will serve is machine blank. In a caste where 2 probes are 

tested, there are 210 ul in each sample. 

11. Prepare the Biodot apparatus. First lay the blotting 

sheet, then the nitrocellulose on top. Close tightly the 

apparatus and connect it to the vacuum trap fully opened. 

12. Transfer 80 ul from each well of the microplate to the 

corresponding well of the Biodot, Apply the samples to the 

middle of the well to ensure that no INA adheres to well walls. 

13. Once dry, wash each well with 100 ul of lOx SSC and let 

it dry for 1-2 min. 

14. Withdraw the nitrocellulose sheet and air dry between a 
0 

hrs.folded Whatman #3 sheet. Bahe at 80 C in a vacuum oven for 2 

15 



15, Repeat steps 10-14 to prepare a sec
 

16. Wrap the nitrocellulose in Whatm
 

sheets together to be sent to Israel betw(
 

by registered airmail. [NB: This material
 

17. The following steps will be carri
 

group: 

- Pre-hybridization of the nitrocellul 

- Hybridization 

- Autorediography 

- Scanning for density of dot blots 

- Analysis of results in the computer 

- Statistical analysis 
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RESULTS
 

EBOlhiIQH AND _ErEEINAI__ON OF ILZ EVEL.
 

We once again tried to determine the optimal concentration 

of M.lepre to stimulate IL2 production in tuberculoid leprosy 

patients and in normHl subjects with positive PPD shin test. 

Figures 1,2 and 3 show very low IL2 production when 8 tuberculoid 

leprosy pfitients' PBML were stimulatc<; with M.e e n antigen. 

very low IL2 production when 10 BL/LI,Figure 4 also shows 

and 4 normal PPD sPin t (s t positive PBML .,ere stimulatedBT/TT 

with M. lerpEae antigen while the same leprosy patients and normal 

cont rols produce high level of IL2 when stimulated ,ith PHA--P as 

shown in figure 5. The finding of present experiments Fre very 

similar to our previous experiments. 

OLATION AND SEPAATI. F QNOCYTES BY PERCOL'L SOLUTION.
 

Figure 6 shows optimal concentration of Percoll in the upper 

layer for wonocyte sepatration %,hen PBML is mixed wiLh 62% Percoll 

in the lower layer. The optimal concentration of Fercoll in the 

layer for monocyte separation is illustrated in figure 7.
lower 


Although highly purified mninocyt e suspension is obtained by 

Percoll separation, However, the percent yield is very low and a 

lot of dead cells were observed. 

17 
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QE L? h pyELQEMENT OFCELLULABREHEOUIE1 EQB E EEATII 

ILZ:EBQDUQIN9 CELLE, 

Cellular requirement for generation of 11,2 fnd development
 

of ILZ-producing cells are studied by cell culture and cell 

mixing cu]tureB by either autologous or hoterologous cell mixing. 

Figures B and 9 show levels of IL2 produtction when PBJML, 

monocytes, T cells, non--T cell, T cellf 4 auto]ogouc monoc ytes, T 

cells 4 heterologous monocytes, and non-T cells autologous 

monocytes in normal subjects when stimulated with PHA-P. Figures 

10, 11 and 12 depict the numbers of 1L2-producing cells from 

mixing culture when stimulated with
various cell types and cell 

PHA-P. It is generally observed that T c. Is 4 autologou 

will give rist to a maximum number of 1L2-produucingmonocytes 

cells, while purified T cell and non-T cells will yield low 

number of 112-producing cells. 

EBEFABAITO PE _UBFE EOTEX PEBIYATIE _EEI OF M,!UBCUOSIS. 

Scientists in many places around the world utilize PPD both 

in vivo and in vit.ro studies. In vivo skin test with PP is the 

very easy tonormal practice in public heal th programs and it is 

,,btain PPD for this purpose. Ho%:ever, in vitro studies utilizing 

PPD encounter problems because many laboratories are not able 

to find good and appropriate PPD for their study purpose. We 

have a lot of difficulty in testing and finding suitable 

own PP.commerial PPD). We finnily decided to produce our After 

trying various procedures we have now a simple but effective 

technique to produce PP as mentioned in the meterials and 

18 



methods. Figure 17 shows the old imal concentral ion of PPD for 

stimulation of IL2 production. 

ISOLATION AD _SPARATIO40OF T CELL UPPLATION.
 

Table I shows determination of complement dilution for
 

maximum killing of monoclonal antibodies coated T lymphocyes.
 

The dilution of 1:5 of rabbit complement yield acceptable
 

killing of T cells. Table 2 shown optimal concentration of OKT4
 

serum for maximum compl emvnt mediated cell cytotoxicity of T
 

lymphocytes.
 

STUDY OF IL2 AND IFN-" GENE EXPRESSION IN NORMAL SUBJECTS,
 

Figure i3 and 14 illustrate IL2 mUINA level of 12 normal PPMI. 

culture at various condition.i. Treatment of PBML with 

cycioheximide induces large amounts of iz mRNA. When PBML was 

treated with PHA-P for 22 hours or with '-irradiation, moderate 

increase of IL2 mRNA level was observed. Figure 15 shows the 

increase of IFN- mrRNA when treated PBML with cycloheximide or 

Zr-irradintion or PHA-P for 18 or 22 hours. Figure 16 summarizes 

the average level of IL2 mRNA and IFN--*C mIINA from 8 normal 

subjects' PBML.
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DISCUSSION ANP CONCLUSION
 

We have confirmed our previous finding that M. oprpn antigen 

is not able to stimulate IL2 production from PBML of BL/LL, BT/TT 

leprosy pati ents and normal subjects (shin test ve PIT), 

However, when PHA-P is used as stimulating agent in these 

subjects, 11.2 is effectively produced in all groups of th. -

subjects.
 

Very high purity of monocytes is obiained whvn PBML mixed 

with 63% Percoll in lower layer and overlayed with 12% Percoll it! 

the upper layer. However, the yield of monocytes is poer and 

percent viability is low. 

The cellular requirement for general ion of lL2 aud 

development of 1L2-producing cells are evaluated by cell mixing 

cultures. Purified monocytes and non-T cells produce very IV-,. 

level of IL2 while purified T cells gives rise moderate level of 

I1.2. Hvwv.r,-PBM!., T cells A aut ologous monovy!t,s nnd T cell

+ heterologous monocyte produce high level of IL2. PBML is 

stimulated with PHA-P producing modert e numbers of .L-producing 

cells while pure T cells, non-T cells produce .:,ry low numbers of 

iL2-producing cells. However, when T cells are mixed with 

autologous mnocytes , very high numbers of IL2-producing cells 

are observed. 

The problem of finding or purchasing the appropriate PPD for 

stimulation of IL2 production has been solved by our own
 

prepr ration and isolation of PPIB in our laboratory. Our own PPI 

preparation shows very good stimulation of PBM. to produce high 

Mel of IL2. We think that our 'P) will be very useful to 
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scientists who are working with scientific experi'nents using PFID
 

as a study agent.
 

We have set up the appropriate conditions tu eliminate
 

helper or suppressor T cells by complement mediate cell
 

cytotoxicity. We are now studying the functions of T cell
 

subpopulations both in HMI and CMI responses.
 

One of my to-investigator, Dr.lriangsak Praputpittayn, has
 

Rymond Kaempfer's laboratory at The Hebrew
been trained in "r. 

University of J rusalem, Israel. The training included basic and 

to start research on gene expression.advanced techniques 

Techniques involved in in vjtro culture conditions for measuring 

both function of the I12 and IIFN-T' genes in peripheral blood 

and also the activat.on of suppressor Tmononuclear leukocytes 

cells circuits that may regulate the expression of the two genes 

in leprosy. We are now beginning to set up all these techniques 

in Chiang MAl. 

WORKPLAN FOR THE NEXT PERIOD 

and numbers of IL2-producing
The relationship of IL2 levels 


types of leprosy patients
cells in normal subjects and various 


will be evaluated. The function of T cell subpopulations will be 

studied both in CMI and IIMI responses in various types of leprosy
 

patients compared to normal subjects. The in vitro effects of
 

defective ILl-producing
recombinant ILl and/or IL2 on the 


monocytes and the defect ive lL2-producing T lymphocytes of 

leprosy patients will be investigated. PBML from various types
 

21 
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of leprosy patients and normal subjects will be tested for their 

IL2 and IFN-Y gene expression in response to PHA--P, in untreated 

cells and in cells treated with cycloheximide or Y"-irradiation. 
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TABLE ] : TITRATION OF COMPLEMELT DILUTION FOR COMPLEMENT 

MEDIATED CELL CYTOTOXICITY OF T LYMPHOCYTES. 

MONOCLONAL 

ANTIBODY 

WITHOUT 

COMPLEMENT 1:2 

LYSIS 

COMPLEMENT DILUTION 

1:5 1:10 1:20 

EXP. ] 

OKT3 4 NIl 48.5 32 

OKT4 2 ND 28 32.5 

OKTB 3 ND 23.5 20 

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

22 

11.5 

22 

.-

EXP. 2 

OET4 3 3 21 ND ND 

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

E NP. 3 

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

OYT4 6 5,3, NiD Nil 
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TABLE 2 : TITRATION OF OKT4 CONCENTRATION FOR COMPLEMENT MEDIATED)
 

CELL CYTOTOXICITY OF T LYMPHOCYTES.
 

EXPERIMENT WITHOUT 
COMPLEMENT 5 

% LYSIS 

AhvIINT OF OKT4,( ul) 
10 20 40 60 

T cell 1 x 
6 

10 cells 

1 10 10 35 36 42.5 44 

2 14 40 39 ND ND ND 

6
 

T cell 2 x 10 cells
 

1 6 21 33 ND ND ND
 

2 9 27 35 36.5 410.5 ND
 

3 10 35 36 35 42.5 44
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Figure 1. 	 Determination of optimal concentration of M. leprae for stimulation
 

of IL2 production from PBML(-=resting PBML; --- nonresting PBML
 

of tuberculoid leprosy patients).
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Figure 2. 	Determination of optimal concentration 

of PBML for IL2 production stimulated 

with 20 ug L4.Leprae (- =resting PBML; 

-- =nonresting PBML; and ...... unstimu

lated ncnresting PBML of tuberculoid 

leprosy patients). 
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Figure 3. Determination of optimal incubation time for IL2 production
 

from 2x10 6 PBML stimulated with 20 ug M. leprae (.- =unsti

mulated PBML;---=stimulated PBML; and - =stimulated resting 

PBML of tuberculoid leprosy patients). 
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subjects are skin test positive for PPD). 
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Figure 5.. 	Determination of IL2 production from
 

nonresting PBML of various subjects when
 

stimulated with PHA-P.
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Figure 6. 	 Determination of Percoll concentration in the upper layer
 

for monocyte separation when PBML mixed with 63% Percoll
 

in the lower layer (2 subjects).
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Figure 13. Determination uf IL2 mRNA level of 12 normal PBML culture at 

various conditions ( 0 CTRL; E3 PHA 18 h; 0 PHA 22 h; 

0 CHX 22 h; and * r-irr). 
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 Immunoregulation in Leprosy: 


Objectives
 

The aim; of this project are:
 

To train, at The Hebrew University of Jerusalem, personnel 
from the team of Dr.
 

1. 


Thailand, in techniques of 
Sanit Makonkawkeyoon at the University of Chiang Mai, 

those steps in the analysis of regulated
permit performance ofmolecular biology to 

expression in primary

human interleukin-2 (IL-2) and interferon-gamma (IFN-?n gene 


that must be
from patients with leprosy
peripheral blood mononuclear cells (PBMC) 


done in Chiang Mai.
 

of IL-2 and IFN-Y genes in
 
To analyze the dynamics of regulated expression
2. 


in order to obtain a more precise

PBMC from leprous patients of various types, 


insight into the molecular basis for the immunodeficiency exhibited in this disease.
 

This research requires the culture of PBMC, under 
precisely defined conditions, and
 

followed by quantitative
cells Chiang
the extraction of RNA from such in Mai, 


hybridization analysis and data processing in Jerusalem.
 

training must precede

It is clear from the description of these goals that 


analysis of leprous patient material.
 

qbi 
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Abstract
 

Thai scientist in rcrusalem has been 	completed successfully.1. Training of a 

about to start in ChiangMai at this point in
2. Analysis of patient material is 

firmly in place and ready to receive
time. The Jerusalem end of this ;."cess is 

material. 

syndrome, a model of immunodeficiency in man, has
3. In Jerusalem, a study of Down 

been 	completed, using a combination of newly developed molecular and analytical 

this case, deep insight into the nature of the
methods. The results show that in 

lesion can indeed be obtained. This study may serve as a valuable basis for, and 

to begin.allow rapidprogress in, the work on 	leprosy that is now about 

Introduction
 

mitogenic

Interleukin-2 (IL-2), an inducible cytokine produced upon antigenic or 


stimulation by helper T lymphocytes, is the essential growth factor for all 
types of
 

IL-2 activates natural killer cells and is able to induce cytotoxic T cell
T cells. 


The strength of an immune response is determined to a large extent by 
the
activity. 


amount of IL-2 elicited by a stimulus. Interferon-Y (IFN-n) is also an 
 inducible
 

cytokine possessing a wide range of immmunoregulatory properties, including antiviral
 

activity, activation of macrophages as well as natural killer cells and potent
 

in synergy with the tumor necrosis factors. Murine IL-2 and

anti-tumor -ctivity 


this may
IFN-Y genes are expressed in the same subse. of helper T cells and in man, 


also be the case.
 

and TFN-Y gene expression by mitogen 	is dependent upon
Induction of human IL-2 


The

de novo transcription and results in the appearance of a wave of mRNA. 

amplitude of the IL-2 mRNA wave can be superinduced up to 50-fold in 
the presence of 

+~7 
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inhibitors of translation, yet the shape of the wave remains unchanged. The 

amplitude of the IFN-Y mRNA wave is likewise superinducible. Commensurate 

superinduction of IL-2 and IFN-Yprotein is observed upon the removal of the
 

translation inhibitor, cycloheximide (ClX). These observations support the concept
 

that expression of IL-2 and IFN-Ygenes is down-regulated strongly through a
 

mechanism involving a labile protein component. This mechanism acts post

transcriptionally.
 

mitogenic
 

cells possessing the ability to
 

Concomitant with the induction of IL-2 or IFN-Ygene expression, 


stimulation induces a transient activation of T 


effectively suppress expression of these genes. Induction of IL-2 and IFN-YmRNA
 

largely precedes the appearance of suppressor T cell activity and it is this lag
 

that allows expression of both genes tu occur before strong down-regulation is
 

exerted. Indeed, expression of IL-2 and IFN-Ygenes can be superinduced by low
 

doses of Y-irradiation, a treatment thought to prevent the activation of suppressor
 

T cells. The effect of Y-irradiation is also to increase the amplitudes of the
 

induced waves of IL-2 and IFN-YmRNA.
 

Down syndrome serves as a model of immunodeficiency in man and as such may be
 

relevant to understanding the immune failure observed in leprous patients. Despite
 

intensive study, the mechanism of this cell-mediated immunodeficiency has remained
 

uncertain. Individuals with Down syndrome (trisomy 21) are known to suffer an
 

increased incidence of severe infections. They display thymic abnormalities.
 

Functional studies of PBMC from such subjects yielded variable results in terms of
 

either a normal or reduced in vitro proliferative response to mitogens or antigens.
 

Total T cell number, furthermore, was reported in different studies to be either
 

normal or depressed; a decrease in helper T cell number and CD4/CD8 T cell subset
 

ratio has also been observed. To obtain more precise insight into the molecular
 

basis underlying defective imuoune cell function in Down syndrome, we have examined,
 

in a project unlinked yet relevant. to the present study on leprosy, the dynamics of
 

IL-2 and IFN-Y gene expression and its control.
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Using a convenient, sensitive and quantitative assay for specific mRNA
 

developed :.nthis laboratory, suitable for quantitating mRNA levels expressed in
 

cells from as little as 1 ml of peripheral blood, we have analyzed the regulated
 

expression of IL-2 and IFN-YmPNA in PBMC derived from 29 noninstitutionalized Down
 

syndrome individuals and compared it to that of 32 normal donors. Culture
 

conditions were chosen that measure the transient, PlA-induced expression of IL-2
 

and IFN-YmRNA, as well as the intactitess of post-transcriptional and suppressor T
 

The latter was achieved by
cell-dependent mechanisms that control this expression. 


analyzing, respectively, the superinduction of IL-2 and IFN-YmRNA occurring upon
 

culture with cycloheximide or after low-dose Y-irradiation. A convenient, sensitive
 

for specific mRNA was devised, suitable for measuring mRNA
and quantitative assay 


levels expressed in cells from 1 ml of peripheral blood. Analysis of individuals
 

with Down syndrome revealed a striking decrease in inducibility of the IL-2 gene.
 

was as vigorous as that observed for normal
By contrast, induction of IFN-Y mnRNA 


donors. In cells from trisomic subjects, superinduction of IFN-Y mRNA by
 

cycloheximide was at least as pronounced as for normal donors, while in the case of
 

IL-2 mRNA, it was weaker. These abnormal patterns of IL-2 gene expression were seen
 

irrespective of age. Our findings indicate a selective impairment of IL-2 gene
 

expression in Down syndrome, rather than a general deficiency in helper T cell
 

function (1).
 

Methods
 

Plasmids and hybridization probes. Human IL-2 cDNA (p3-16 provided by T.
 

Devos and W. Fiers) inserts
Taniguchi) and IFN- YcDNA (pBR3271O provided by R. 


were excised and placed under the phage T7 promoter in pGEM-3 (Promega Biotec).
 

These constructs were used to generate anti-sense RNA transcripts labeled with [a-


32P]ATP (Amersham; specific activity, 400 Ci/mmole). Sense RNA transcripts,
 

generated from the SP6 promoter with [a-32 P]UTP, yielded no detectable signal upon
 

hybridization. Upon agarose gel electrophoresis of total RNA isolated from
 

NaOI, a
peripheral blood cells after induction with mitogen and blotting in 0.1 M
'.JLi 
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condition that allows transfer of high--molecular weight. RNA species, these IL-2 and 

migrating, as
IFN-Y antisense RNA transcripts each hybridize to a single band 

expected for mRNA, at 1,300 and 1,300 nt, respectively, that comprises at least 85% 

the remaining response is associated with bandsof the total hybridization response; 


that migrate more slowly than rANA and are, presumably, precursor RNA forms for IL-2
 

and IFN-YmRNA. 

A volume of 10 ml of peripheral
Cell culture and induction of gene expression. 


taken from each donor, except for one donor aged 2 wks (7 ml). After a 2blood is 


fold dilution with PBS, 7-ml aliquots of blood are layered onto 5 ml of Ficoll 
Paque
 

(Pharmacia) and centrifuged for 30 ,min at 190 x g. PBMC are collected, washed once 

and once more with 25 ml of this medium. The cells
with 50 ml of RPMI 1640 medium, 

- 4 x 106 cells/ml in 5 ml of culture medium are resuspended at a density of 0.5 


(IPMI 1640 containing 2%. FCS, 2 ,M glutamine, 10 M MEM nonspecific amino acids, 100
 

5 x 10-5 M 2-mercaptoethanol, 100 u/ml
WM Na-pyruvate, 10 aM Ilepes p1l7.2, 


penicillin, 100 pg/ml streptomycin and 5 Vg/ml nystatin). Specific conditions of
 

the next section. PHA-P (Difco) is added to 0.4% (v/v).
 

a dose of 1,500 rad is performed before
 

induction are detailed in 


CHX is added to 20 pg/ml. Y-irradiation to 

For each individual, five 1-ml cultures,the addition of P11A, using a 6°Co source. 


as
are incubated (for 18 or 22 hr 


in air.
 

each in a 10-ml round-bottom tissue culture tube, 


specified) at 37'C in a water-saturated atmosphere of 5% C02 


Stratogy for Analysis of Regulated IL-2 and IFr-Y Gene Expression. To allow 

and IFN-Y genes in PBMC derived
convenient analysis of regulated expression of IL-2 


a set of conditions that measure not only

from individual donors, we defined, first, 


but also the intactness of mechanisms that

the induced expression of these genes, 


Second, we devised a method for detecting gene expression,
control their expression. 


encoded by these
 
to allow sencitive and quantitative measurement of specific RNA 


genes, expressed in microcultures containing PBMC derived from 1 ml of peripheral
 

blood. It is thus possible to analyze the dynamics of IL-2 and IFN-Y gene
 

10 ml of peripheral blood.
expression starting with as little as 


51
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based on our earlierFive different conditions of induction were chosen, 

in mononuclear c-'l isstudies on the regulation of IL-2 and IFN-Ygene expression 

from tonsils or peripheral blood. These are: (A) culture of cells for 18 hr in the 

absence of inducer; 	(B) culture of cells for 18 hr in the presence of the mitogen,
 

(C) culture of cells for 22 hr in the presence of PITA; (D) culture of c.Is
PIIA; 

with PHA for 22 	 hr, but in the presence of CHX between 18 and 22 hr; (E)
 

followed by induction with PIRA for 22 hr. A wave of

F-irradiatlon of the 	cells, 


IL-2 and IFN-Y mRNA is induced by exposure to PHA reaching a maximum for both genes
 

time range. For both genes, the amplitude of the wave of mRNA canin the 18-22 hr 

for example, CHX.
be superinduced in 	the presence of inhibitors of translation, 


2 and of active

Expression of IL-2 and IFN-Y genes, both at the level of mRNA 


to low doses of
 
protein, can also be superinduced by exposing the cells 


The effect of Y-irradiation
Y-irradiation (1500 rad) before mitogenic stimulation. 


are induced concomitantly
is to prevent the activation of suppressor T cells that 


Such
with IL-2 and IFN-Ygenes, and act to down-regulate their expression severely. 

IL-2 and IFN-Ygene expression. These fivedoses of Y-irradiation do not inhibit 

and IFN-Ygenes are
conditions of induction are designed to determine if the IL-2 


inducible and if the two major post-transcriptional mechanisms regulating their
 

on one hand and suppressor T cells
expression, involving a CHX-sensitive component 


on the other (see Introduction), are functioning normally.
 

Quantitation of specific mWNA in microcultures. Each cell culture is
 

transferred to a sterile 1.5-ml polypropylene microtube and centrifuged for 5 min at
 

2,000 x g. The supernatant is removed and the cell pellet is agitated briefly on a
 

vortex mixer before the addition of 0.4 ml of 7.5 M guanidinium-|{Cl. The tube is
 

To ensure efficient cell lysis, it is

agitated on n vortex mixer for I min. 


been completed. The cell lysate
important that NaOAc be adled only after lysis has 

is made 0.1 M in NnOAc, pH 5.1, and 0.25 ml of absolute ethanol is added. RNA is 

and is recovered by 	centrifugation at 4C for 30 min
precipitated overnight at -20'C 

at 18,000 x gr. After thorough draining of the supernatant on tissue paper, the 

pellet is dissolved 	into 100 I1 of 37% formaldehyde by agitation on a vortex mixer.
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The RNA solution is incubated for 15 min at 60"C and 110 pl1of 20 x SSC is
 

added. One aliquot of 100 pllis transferred to a microtiter plate where 8 serial 2-


A volume of 80 pl of each dilution is
x 


using a 96-well dot blot
 

fold dilutions are made in 10 SSC. 


transferred to a nitrocellulose sheet (pore size, 0.45 pm), 


x SSC. The procedure is repeated
apparatus. Each well is washed with 100 il .of 10 


A duplicate sheet of nitrocellulose
for each of 5 cell cultures from a given donor. 


using a second aliquot of 100 VI of each RNA solution. After baking
is prepared, $ 

for 2 hr at 80C in a vacuum oven, the sheets are hybridized separately with 32p

labeled RNA probes for IL-2 and IFN-Y, respectively.
 

300-ml culture of
 

human tonsil cells at a density of 4 x 106 cells/ml is induced with PHA for 24 hr
 

Starting with
 

To generate an RNA standard for hybridization analysis, a 


and total RNA is extracted by the guenidinium thiocyanate procedure. 


of 0.25 pg of RNA/dot, serial dilutions are applied repeatedly to
 
an amount 


blot procedure described above. Strips of
 
nitrocellulose sheets using the dot 


nitrocellulose containing single 
dilution series are excised from the sheets and
 

included with each hybridization.
 

Sheet:; and standard strips are prehybridized for 4 hr at 60"C in 37.5% (v/v)
 

l% sodium dodecyl sulfate, 50 mM Tris-HC1 p117.8,
formamide, 10% dextrose sulfate, 


mg/ml Escherichia coli MRE600
0.1% pyrophosphate, 0.1 mg/ml salmon sperm DNA, 0.1 


a final concentration
tRNA and 0.6 M NaCl. The hybridization mixture is brought to 


32

cpm/ml of [ P]RNA probe.
 

are washed twice for 15 min at room
 

of 2.5 x Denhardt solution, 0.1 zng/ml tRNA and 5 x 106 


After hybridization for 16-18 hr at 60'C, sheets 


temperature with 2 x SSC, twice for 30 min at 68'C with 2 x SSC containing 1% sodium
 

x SSC containing 0.2% sodium
dodecyl sulfate, and once for 30 min at 68'C with 0.2 


dodecyl sulfate. After exposure to X-ray film, autoradiogrns are scanned at 
630 nm
 

in a microelisa autoreader.
 

A83o values of
1auta processing. For each individual dilution series, 


corrected for film background and used
hyhridization intensity between 0 and 2 are 
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for linear regression analysis. The 	slope obtained is a measure of mlNA
 

To convert this value into standard units
 concentration for the gene being probed. 


it is divided by the slope obtained with standard RNA and by the cell
 of mRNA/cell, 


We have written a specific program to allow comp.iterized

density during culture. 


a series of graphic displays as chosen
 
data analysis and presentation of results 	in 


by the operator.
 

analysis. The significance of the difference of means is
 
Statistical 


determined using the paired, two-tailed t test.
 

Training and Exclunge of Scientists
 

the Israeli PI turned to his
 
With th. start of this project in the fall of 1988, 


indispensible first step

Thai co-PI in order to initiate the training that forms an 


in this research [see Appendix I (letter)]. Unfortunately, some delay was caused in
 

Chiang Mai. In December, 1988, Dr. Kriangsak ?raputpittaya joined the project in
 

our laboratory that
 
Chiang Mai, and we organized a trainirg session of 5 weeks in 


took place, again after some delay, during.the period June 1 July 4, 1989. A
-


Appendix II. There is no doubt that
 
detailed report on this training is attached as 


the technique for analysis of
 
Dr. Praputpittaya has mastered all those steps in 


gene expression that must precede the point where further work can be done in
 

Jerusalem (see Appendix II for details). It is hoped that a minimum of time will
 

pass before needed chemicals are available on the Thai side, and the 
flow of samples
 

The essential dot blot apparatus was purchased in Jerusalem
 
to Jdusalem can begin. 


and taken along to Chiang Mai. Given Dr. Prnputpittaya's very high experimental
 

obtained excellent results in our laboratory, we
 
proficiency and the fact that he 


of progress will increase steeply in the imnediate
 are optimistic that the pace 


future.
 

as yet, because it made no sense to
 The Israeli PI did not trivel to Chiang Mai 


do so before the training in Jerusalem had taken place. Since it will take a few
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months before experimental work in moleculaor biology in Chiang Mai has reached 

jisit Chiang Mai in December, 1989, now seen as an optima]
momentum, the PI plans to 

time for fruitful consultations, data interpretation and formulation of research 

and that in Chiang Mai has been
emphases. Comunication between our laboratory 

excellent throughout.
 

Discussion
 

Results with Down syndrome, obtained in our laboratory using the same experimental
 

project, serve 	as a demonstration that the type of
 approach as in the present 


only be completed successfully, but may

analysis anticipated for leprosy can not 


a powerful and original tool to obtain insight into the mechanism of
indeed serve as 


It is thus relevant to analyze here
the defective immune response in that disease. 


Our major finding (1) is that regulated expression
our results with Down syndrome. 


gene is severely impaired in Down syndrome, yet expression of the

of the IL-2 


IFN-Y gene is essentially normal. Aberrant expression of the IL-2 gene is
 

of age. The approach used in these experiments was to analyze the

independent 


intactness of the mechanisms regulating expression of both genes in the same cell
 

population. RNA obtained from individual cell cultures was hybridized in parallel
 

to IL-2 and IFN-)'RNA probes. Since the impairment in expression of the IL-2 gene
 

observed in Down syndrome is accompanied by near normal expression of the IFN-1'
 

gene, the latter gene provides an internal standard. The mitogen-induced expression
 

t
 

of IL-2 and FN-Y genes is thought to occur largely in the same subset of CD4


helper T cells. Therefore, our results point to a specific defect in the function
 

a

of the IL-2 gene, rather than a general deficiency in helper T cell function, as 


molecular basis 	 for the decreased immune response in Down syndrome.
 

genes are located on chromosomes 4 and 12,

The human IL-2 and IFN- Y 


each of these genes is controlled at the post
respectively. Expression of 


a labile protein component whose

transcriptional 	 level by n mochani:;m involving 


in the presence of inhibitors of translation such as CHIX, leads to
 
neutralization, 
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transient wave of mRNA that is expressed by theseextensive superinduction of the 

genes upon mitogenic stimulation. In the presence of CIIX, a significant 

ofsuperinduction of both IL-2 and IFN-YmRNA is observed within 4 hr in cultures 


cells from normal donors. In subjects with Down syndrome, both genes also respond
 

with a significant superinduction to ClIX, although the response of the YL-2 gene is 

weaker than for normal donors. This weaker response to CIIX is in line with the 

decline in inducibility of the IL-2 gene. The essential observation is, however, 

that the defect in IL--2 gene expression is not restored to normal values when ClIX is 

present. Excessive repression of the !L-2 gene by this post-transcriptional 

cannot account for the aberrant expression that is observed.
mechanism thus 


of IL-2 and IFN-Y genes is also controlled by the action of
Expression 


and IFN-Y gene
suppressor T cells. Concomitant with the induction of IL-2 

expression, mitogenic s;timulation induces a transient activation of T cells able to 

This regulation is manifested,effectively suppress the expression of these genes. 

among other evidence, by a superinduction of IL-2 m.RNA by up to 10-fold in human 

tonsil cells exposed to low doses of Y-irradiation. A decrease in the CD4/CD8 cell 

subset ratio was reported for trisomic subjects (as for leprous subjects) in some but 

The CD8 subset comprises cytotoxic as well as suppressor
not all previous studies. 


functional
T cells. Although counting of T cell subsets does not report on their 


activity, it is possible that in Down syndrome, excessive suppressor T cell activity
 

may cause the observed deficiency in IL-2 gene expression.
 

In PBMC derived from the group of normal donors, expression of IFN-YwmRNA is
 

superinduced to a significant extent by exposure of the cells to Y-irradiation prior
 

to induction with P11A. By contrast, the IL-2 gene in these donors is not responsive 

likely interpretation of thisto superinduction by Y-irradiation. The most 

finding is that the IFN-Y gene is considerably more sensitive than the IL-2 gene to
 

down-regulation by suppressor T cells.
 

to occur in Down syndrome, one
If enhanced suppressor T cell activity were 
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of IFN-Y genea selective inhibitinn 
have expected, therefore, to observe

would 


that in Down syndrome,
the case. Instead, our results show 

expression. This is not 

although the extent of 
the IFN-Y gene is essentially normal,

expression of 

reduced relative tois slightlyafter Y-irradiationof IFN-Y'mlNAsuperinduction 

the IL-2 gene whose expression is
 
seen for normal donors. By contrast, it is 


that 


by Y-irradiation. Since,
and cannot be restored, even in part,

selectively impaired 

the ,ction of
 
is actually loss sensitive to 

we have just seen, this geneas 


IL-2 gene expression in Down
the failure ofthan the IFN--Ygene,suppressor T cells 


the concept of enhanced
 
with an explanation based on 


syndrome is inconsistent 


suppressor T cell activity.
 

of the IFN-Y gene
the index of induction 

cells derived from,normal donors,
In 


by about twofold. This observation
 gene,

consistently exceeds that of the IL-2 


gene to a
 
gene responds more vigorously than the IL-2 


that the IFN-Y
demonstrates 


and IFN-.YmRNA by mitogen is dependent

The induction of IL-2 
mitogenic stimulus. 


in Down syndrome, induction of
 Hence, our finding that 
upon de novo transcription. 


that observed for normal donors, while 
induction of
 

as vigorous as
the IFN-Ygene is 


on

consistent with an explanation based 


gene is severely reduced, is

the IL-2 


Nuclear runon analysis requires
gene.

reduced transcriptional activity of 

the IL-2 


in these
than was used
number of cells 
a 5C-fold greater
the availability of 


of the primary

prevented the quantitation
that
a limitation
experiments, 


and IFN-Ygenes for statistically significant 
groups of
 

transcription rate of IL-2 


that the selective
 
our findings indicate 


trisomic and normal subjects. Yet, 


not caused by the CHX
gene expression in Down syndrome is 
impairment of IL-2 


action, but most
 
sensitive, post-transcriptional mechanism, 

nor by suppressor T cell 


likely occurs at transcription.
 

upon induction,
expressed transiently
IL-2 and IFN-Y genes are
Since the 


induction
 
most readily detected early in the 
in gene expression are


aberrations 


did not reveal a defective response to
 
studies 
process. Several prvious 


proliferation or
 inlDown syndrome, is judged by

in PBMC populations
mitogens 
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was

although decreased responsivenes:, to specific antigens


production of TL-2, 


are, however, the cumulative result of a
 
observed. These biological responses 


on the other hand, gives dynamic

Determinatiun of mRNA,
sequence of events. 


maximal expression

about the responsiveness of the genes at a time of 
information 


Levels of mRNA can be measured over a great range
 
and is more direct and specific. 


We have subjected separate
of regulatory mechanisms.
and can illuminate function 


capable of providing
of induction conditions,
cells to a plurality
aliquots of 


of

expression of these cytokine genes but also 
measurement not only of the induced 


of regulatory mechanisms that control their expression.

the functional intactness 

of the IL-2 and IFN-Y genes, as we have done,
By comparing the relative performance 

behavior is detected with greater sensitivity.
 any departure from normual 


The procedure we devised for quantitating mRNA is especially suitable for
 

of genes encoding bioregulatory proteins in PVC
 
studies of regulated expression 


a method of choice for
 
from small volumes of peripheral blood, making it 
obtained 


genes are normally
 
studies of patient material. The mRNA species encoded by such 


in the
 
to low levels of abundance, and in a minority of the cell-


expressed 


population. OQinntitation of gene expression thus requires relatively large numbers
 

is the case for more abundantly

of cells and n greater sensitivity of detection 

than 


lines.
expressed genes or for cell 


be effective for abundantly expressed genes in small
 
Procedures known to 


numbers of cells in other systems, we found, are 
inappropriate for study of IL-2 find
 

PBMC. Thus, direct blotting of guanidinium thiocyanate

IFN-Y gene expression in 


too few for the detection of
 to no more than 105 cells,
cell lysates is limited 


its
 
cytokine gene expression, as viscosity of lysates from more cells prevents 

Lysis in guanidinium thiocyanate and
nitrocellulose.filtration through 

RNA, but involves too many steps to 
of RNA with LiCl yields pure
precipitation 


degraded RNA contaminated 

be convenient. Detergent lysis yields partly 

with 

UNA sequences from IL-2 and IFN-Yhybridization probes.
that acts to maskprotein 
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of being simlle, sensitive and
 
offers the advantages
Our procedure 


tube prevent loss of

and processing in a single
quantitative. One-step lysis 


or IFN-YMRFNA
 
The method is sensitive: a hybridization signal of IL-2 
material. 


as little as 5 x lO
5 cells. A
 

can be detected within 4-48 hr of film exposure in 


sample of blood usually yields 107 PBMC, permitting multiple analyses of
 
10-ml 


linear with increasing RNA input as well as 
cell
 

gene expression. The response is 


of gene
reliable analysis

wide range of intensities, allowing
a
number over 


of cells from peripheral blood of
 
in small and variable numbers
expression 


in an Elisa reader,
is quantitated
Film blackening
individual subjects. 


By including a reference RNA standard for 
hybridization,
 

generating numerical data. 


of standard

culture can be expressed in terms


for each cell
specific mRNA content 


with individual
 
per cell, to permit direct comparison of results obtained 
units 


the method is exceptionally suitable
 
subjects in different experiments. Finally, 


for this collaboration with Chiang Mai, because 
the experimental phases that must be
 

carried out there, including cell preparation, 
culturing, harvesting and extraction
 

samples on nitrocellulose sheets to be shipped 
to
 

of RNA, and dot blotting of RNA 


for further analysis with radioactive hybridization 
probes, requires only
 

Israel 


not enzymes or radioactive agents.
 
light equipment and simple chemicals, but 
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November 23, 1988
 

Dr. Sanit Makonkawkeyoon
 
Chairman, Department of Clinical Immunology
 
Faculty of Associated Medical Sciences
 

Chiang Mai Univer'sity
 
Chiang Mai 50002, THAILAND
 

Dear Sanit, 

Now i! the time to activate out collaboration, project
 

and I propose as follows:
number 936-5544-G-00-8048-00, 


our
Stage 1: You yourself or one of your seniors visits 
- five weeks in order to learnlaboratory for a period of about four 

in culturepreparation of peripheral blood cells, their induction 

under various conditions, and extraction of RNA. The aim is to 

point where these procedures can be applied reproduciblyruach the 
Thorough discussion of the patient-groupsback in your laboratory. 

objects for study.
available in Chiang Mai and desirable 

Given the need
Apprteciation of the procedures outlined in Stage 2. 

be best if you cameto think together, it would, of course, 


yourself. We need ample advance notice to allow us to find a room
 

in town with an easy reach of the laboratory.
 

Stage 2: Preparation of RNA samples in your laboratory to 

the point where ethanol precipitates in Eppendorf tubes can be air

mailed to us for dot-blotting, hybridization' with riboprobes, 

exposure, optical scnnning, data-processing, and graphic display. 

The person here during Stage 1 will be able to observe all these 

steps, and in the future, dot-blotting may be conducted in your 

laboratory as well.
 

Stage 3: Analysis of the first stage of results. Our data
 
IFN-Y genes is normal or
will show, 	 if expression of IL-2 and 

terms of: basal level, inducibility, superinducibilityabnormal in 

See our proposal for
by C11X, superinducibility by Y-irradiation. 


the meaning of these measurements.
 

Stage 4: Integration of the laboratory and clinical data 

on patients chosen by you for analysis and our findings. |Hore, 

(f, 



in your lab at,,ry OnI 
with result; with IL-1 and IL-2

int.gration of immune
other indicators 
cvi ls from', leprosy patients, as well as 

function or di.eanse available,, in the objectLive. 

to be chosen 
Stage 5: Sharper definition of the patients 

of previous data. 
and assays to he done, on the basis 

allow handling of cells our proceduresNot,: we find that 
we shouldFor starters,

to five patients simultaneously.froml four 

should be discussed 

at pilot -sized patijent numbers. Strategyaim 
during Stage 1.
 

from your dean. Please 
a letter received todayI enclose 

(see my letterhead).
name and address
correct
inform him of my 


Cordially,
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Report on training of
 
Dr. Kriangsak Praputpittaya in
 

Israel
 

Trainee: Dr. Kriangsak Praputpittaya, Ph.D. K, r 1 & . 

Address: Department of Clinical Immunology 0 U O 
Faculty of Associated Medical Sciences 

Chiang Mai University 

Chiang Mai 50002 

Israeli supervisor: 	Professor Raymond Kaempfer, Ph.D. .X" 

Place of training: 	 Department of Molecular Virology
 

The Hebrew University of Jerusalem
 

91010, Jerusalem, Israel
 

Duration of training: June 1, 1999 - July 4, 1989.
 

Purposes of training:
 

- to learn basic and advanced techniques to start research on gene expression.
 

- to learn and practice techniques involved in in vitro culture conditions for
 

measuring both function of the IL-2 and IFN-," genes in peripheral blood mononuclear
 

cells (PBMC), and also the activation of suppressor T cell circuits that may
 

regulate the expression of the two genes in leprosy.
 

- to discuss and to p,.an steps of research to be carried out by both Thai and 

Israeli groups concerning type, number and other criteria on sample 

collection of leprosy and normal subjects. 
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TRAINING PERFORMED:
 

Week I - (June 4-8, 1989)
 

-I have learned some basic techniques related to the study on gene expression of IL

2 and IFN-r in lymphocytes. The techniques, demonstrated by Ms. Lisya Cerez, Dr. Cila Arad 

and others of the Kaempfer team, were as follows:
 

-In vitro cell culture of PBMC
 
-Harvest of cell culture
 
-Cell lysis with guanidine HCL
 
-RNA extraction and solution
 
-Dot blotting and dilution
 
-In vitro transcription of RNA hybridization probe
 

-Prehybridization and hybridization
 
-Autoradiography
 
-Scanning of films
 
-Data processing and graphic analysis on the computer
 

-I have also checked a list of equipment, chemicals and supplies, both available and
 

not yet available on the Thai side. Information has been sent out to Dr. Sanit in Chiang
 

Mai, to expedite acquisition of key items of equipment. A dot blot apparatus will accompany
 

me back to Thailand.
 

Weeks 2-4 - (June 11-30, 1989)
 

I have performed the following techniques:
 

-cell culture, harvesting of the cells for mRNA extraction and dot blotting, of 12 blood
 

samples from normal blood donors.
 
-measuring film density of dot blots upon autoradiography and entering of data into a
 

computer for data analysis.
 
-Performance of data analysis.
 

I have also discussed with Dr. Kaempfer and his colleagues research to be performed
 

on leprosy.
 

RESULTS:
 

Human peripheral blood mononuclear cells (PBMC) of 12 normal blood donors were tested
 

for their IL-2 and IFN-r gene expression in response to PHA-P, in untreated cells and in
 

cells treated with cycloheximide or e-irradiation. Results are expressed as absorbance
 

of dot blots at
 

630 nm.
 

1 and 2 show IL-2 mRNA levels of PBMC cultured at various conditions as
Figures 


found that in seven out of twelve (#1,2,3,4,5,6
indicated in attached procedures. It was 


and 7; Figures 1 and 2) samples the IL-2 mRNA could be induced by PHA since their IL-2 mRNA
 

levels of PHA stimulated PBMC were significantly higher than those of control cells without
 

The effect of PHA was comparable whether the PBMC were stimulated with PHA
 any treatment. 


for 18 or 22 hours. Superinduction which is normally induced by treatment with cycloheximide
 

Cycloheximide mediated a superinduction of IL-2 in
 or C-irradiation was also observed. 


2
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7 subjects (#2,5,6,8,9,10 and 12; Figure 1). However,.- irradiation was not effective in
 

any subject tested, confirming results of the Israeli team.
 

Figure 3 shows levels of IFN-6 mRNA for 12 normal subjects, the same group described
 

above. The IFN-6 gene could be induced in all subjects, except #8 and 11, with at least
 

a 2-5 fold increase of IFN-4 mRNA after treatment with PHA for either 18 or 22 hours.
 

found to be to moderate in 3 subjects
IFN-6 gene superinduction by cycloheximide was 


(#5,8 and 10; Figure 3), but strong in 3 subjects (#6, 9 and 12; Figure 3). Other subjects
 

showed no significant superinduction response to cycloheximide.. In contrast to the IL-2
 

gene, the IFN-X gene was superinducible by -irradiation in 3 subjects (#3, 4 and 6;
 

Figuie 3). It is interesting that IFN-6 gene of some subjects (#8 and 12; Figure 3) could
 

be superinduced only by cycloheximide, and other subjects only by Pirradiation (#3 and
 

4; Figure 3). This discrepancy could be explained by different modes of action for
 

cycloheximide and for Y_irradiation. These mechanisms are under study by Dr. Kaempfer and
 

his group.
 

Figure 4 and 5 depict examples of autoradiography of IL-2 (Figure 4) and IFN-f (Figure
 

5) mRNA dot blots which were subsequently measured for absorbance at 630 nm with an ELISA
 

reader.
 

Figure 6 shows a summary of IL-2 and IFN-K mRNA of PBMC of 8 normal subjects. The
 

levels of mRNA are averaged and expressed as units after being compared to standard IL-2
 

and IFN-r RNA. It is clearly demonstrated that IL-2 and IFN-y genes are induced by PHA,
 

and superinduced by the treatment of cycloheximide. firradiation could induce
 

superinduction only of IFN-e gene expression, but not of IL-2 gene expression.
 

PLAN OF WORK IN THAILAND CONCERNING IL-2 AND IFN-g GENE EXFRESSION IN LEPROSY:
 

-When all essential equipment, chemicals supplies available, samples 


-To order essential equipment and supplies required for the gene expression study, such as 

a vacuum oven, dot blot apparatus and a microcentrifuge. 

and are blood of 

normal Thai subjects will be collected and processed to the point that harvested mRNA is 

dot-blotted onto nitrocellulose membranes. These nitrocellulose membranes will then be 

packed and mailed to Israel for hybridization analysis with radioactive RNA probes for IL

2 and IFN-6 . This action will enable us to evaluate cell culture conditions and the mRNA 

cell culture work inharvesting system in Thailand. Analysis in Israel will guide the 


Thailand. Graphic representations of gene expression patterns generated in Jerusalem will
 

be sent to Chiang Mai.
 

-Subsequently, blood samples of leprosy patients will be collected, processed, and sent to
 

Israel. In addition to leprosy samples, normal blood samples will be jointly processed
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in order to create a data base for normal donors and miniize experimental variation. The
 

following information will be gathered for each blood sample:
 

Serial number
 
Number of cells ( x 106/ml)
 

Date collected 

Family name 

First name Treatment (drug)
 

Birth date 
 Duratirn of treatment
 

Identification number Complications
 

Type of disease Treatment of cells in vitro
 

(with recombinant IL-I etc.)
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PROCEDURES:
 

Preparationof mnRNA from cell cult:Ure: 

The procedure described below is for a one-patient sample.
 

WARNING: USE GLOVES AT ALL TINES FOR SAFETY AND TO PREVENT CONTAMINATION OF SAMPLE
 

BY RIBONUCLEASE ON HANDS 1
 

Day 1 - Culture of lymphocytes
 

1. Collect peripheral blood from subject in heparinized tubes. Ten to twenty ml of
 

whole blood is sufficient. Blood samples should be processed as soon as possible on the
 

day of collection and should be kept at room temperature to ensure optimal results.
 

2. Dilute blood with PBS at 1:1 (v/v) in a 50 ml centrifuge tube. Mix the sample
 

evenly.
 
3. Prepare 15 ml centrifuge tubes each containing 5 ml Ficoll-Hypaque. Mark the tubes
 

with patient identification.
 

4. Carefully, using a 10 ml pipette, layer 8-10 ml from the diluted blood over a bed of 

5 ml Ficoll-Hypaque in each tube. Do not mix the F-11 and the blood sample. 

5. Cantrifuge at 200 g (1000 rpm) in a cell centrifuge for 30 min at 18-20'C without 

using the brake. 

6. Collect the white interface layer containing the lymphocytes with a I.-.steur pipette
 

and transfer to a clean 50 ml centrifuge tube. It is essential to remove all the
 

material in a minimal volume.
 
7. Wash cells with at least 3 volumes of RPMI 1640 warmed to room temperature.
 

Centrifuge at 200 g for 15 min at 18-20'C. Do second wash ",ith 25 ml RPMI 1640.
 

8. Discard supernatant. Resuspend the cells in 5 ml of complute medium warmed to 37*C.
 

9. Count cells.
 

l0.Adjust cell density to be at 4 x 106 cells/ml. Although this cell density is
 

optimal, the assay will give satisfactory results with as few as 0.5 x 106 cells/ml.
 

Thus, if lower cell density is obtained, keep total volume at 5 ml.
 

ll. Dispense I ml of suspension into each of five culture 10-ml tubes and treat them
 

accordingly as follows:
 

Induction of mRNA:
 

Tube i: Control - not induced - harve.t at 18 h.
 

Tube 2: Add 4 yi of PHA-P at 0 time and iarvest cells at 18 h.
 

Tube 3: Add 4 p1 of PHA-P at 0 time and harvest cells at 22 h.
 

Tube 4: Add 4 pl of PHA-P at 0 time, superinduction with 2 pl1
 

cycloheximide (10 mg/ml) at 18 h, and harvest cells at 22 h.
 

Tube 5: Gamma-irradiation the cells with 1500 rad with a Co
60 gamma cell 220 (Atomic
 

energy of Canada Ltd. or equivalent) at 0 time, then acd 4 y1 PHA-P. Harvest cells at
 

22 h.
 

10. Inc-.bate cultures at 37°C in 5% CO2 atmosphere for 18 h to 22 h.
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Day 2 - Cell harvestinp and mRNA extraction 

1. Thaw 7.5 M guanidine IICI solution kept at -20'C. 

Harvest cells at the time indicated in step 11 of Day 1. Take out cultures from the 

incubator. Mix the cells in the tubes by tapping the bottom and by pipetting the
 

suspension in and out of a 	sterile pasteur pipette or 1 ml pipette tip.
 

3. Transfer the cell suspension into a sterile Eppendorf tube.
 

4. Centrifuge at 5000 rpm (Epperdorf centrifuge) at room temperature for 	5 min, 

5. Discard the supernatant using a sterile tip or vacuum. Vortex the pellet to disperse
 

the cells.
 
6. Add to each tube 0.4 ml 	of 7.5 M guanidine ICI solution.
 

7. Dissolve pellet by vortu,'ing the solution for at least 20 sec. or until no aggregates
 

are found in the solution.
 

8.Add to each tube 20 jI of 2 M Potassium acetate pli 5.1.
 

9. Add to each tube 250 pI 	of absolute ethanol kept at -20°C.
 

10. Mix and leave at -20°C overnight. The preparation is stable at this point and can
 

be stored at -20°C for longer periods if necessary.
 

stored at this point of the procedure until 

material from 2-4 subjects is available for further processing. 
Note It is suggested that samples be 

Day 3
 

1. Centrifuge the Eppendorf tubes at 12000-14000 rpm for 30 min at 4°C in an Eppendorf
 

centrifuge.
 
2. Prepare a 60°C water bath.
 

3. Thaw 37% formaldehyde solution.
 
no clumps
4. Discard the supernatant carefully with a sterile tip. Mix on vortex until 


are found.
 
5. Dissolve pellet in 100 pl of 37% formaldehyde, as the RNA is to be tested against 2
 

probes (IL-2 and IFN-r). Take care to vortex until RNA pellet dissolves completely.
 

6. ,Id 110 ul of 20x SSC, and vortex. 

7. Place che tubes on polystyrene foam in 60'C water bath for 15 min for RNA 

denaturation. 
8. Prepare 100 ml of lOx SSC by diluting the 20x SSC solution 1:1 with sterile double 

distilled water. 

9. Wet the 9 x 13 cm nitrocellulose paper and the GB003 blotting sheet with sterile 

double distilled water. The nitrocellulose sheet should be wet gradually. Change the 

water to lOx SSC solution. Soak for at least 10 min. 
2-fold serial dilutions with lOx10. After RNA denaturation, 	 dilute each sample by eight 

SSc: [Add to each well of sterile microplate 100 pl of lOx SSC. Pipette 	100 p! of the 

sample to first well and then serially dilute by pipetting to adjacent wells] . For each 

and one blot will be loaded with 80 wells (2
patient one will finally have 40 wells 

In a case where 2 probes are
patients). The unused wells will serve as machine blank. 

tested, there are 210 p1 in each sample. 

Prepare the Biodot apparatus. First lay the blotting sheet, then the nitrocellulose11. 

on top. Close tightly the 	apparatus and connect it to the vacuum trap fully opened.
 

12. 	Transfer 80 pl from each well of the microplate to the corresponding well of the 

to the middle of the well ensure that no RNA adheres toBiodot. Apply the samples to 


well walls.
 

13. Once dry, wash each well with 100 illof lOx SSC and let it dry for 1-2 min. 

14. Withdraw the nitrocellulose sheet and air dry between a folded Whatman #3 sheet.
 

Bake at 80°C in a vacuum oven for 2 hrs.
 

15. 	Repeat steps 10-14 to prepare a second RNA blot.
 
to be sent to
16. Wrap the nitrocellulose in Whatman #3 sheet and pack sheets together 


Israel between cardboard supports by registered airmail. [NB: This material is nor
 

radioactive].
 

17. The following steps will be carried out by the Israeli group:
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-Pre-hybridization of the nitrocellulose membranes
 

- Hybridization
 
- Autoradiography
 

- Scanning for density of dot blots
 
- Analysis of results in the computer
 

- Statistical analysis
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PreparaCionsof reagents and chezuicals 

1. 	 Culture medium
 
-RPMI 1640 containing:
 

* 	 2 unMglutamine 
* 10 inM MEM non-essential amino acids
 

*100 mM MEM sodium pyruvate
 
*10 mM IIEPES pit7.2
 

*100 u/ml penicillin
 
*100 pg/ml streptomycin
 
*40 pg/ml gentamycin
 
*5 x 10-5 M 2-mercaptoethanol
 
*2% fetal calf serum, heat inactivated
 

*5 pg/ml nystatin
 

2. 7.5 M guanidine lIC (MW 95.53) Ultrapure grade (131) 

guanidine IICI 500g
 

Sterile distilled water up to 700 ml
 

3. 2M Potassium acetate (KOAc) pli5.1-5.2
 

KOAc (Signa, M&B) 9.82 j, 

Sterile water
 

adjust pil with acetic acid, with final volume of 50 ml. 

4. Deionization of formaldehyde 
Formaldehyde (37%) (Merck) mixed with AG 501-x8(D) resin (Bio-rad) at a ratio 

of I gin per 10 ml formaldehyde solution. The mixture is stirred on a magnetic 

stirrer for 30 min at room temperature. The mixture is then filtered with Whatman 

#;3 filter paper, aliquoted and kept at -20'C. 

5. 20x SSC (0.015M Sodium citrate, 0.15M Sodium chloride solution) 

Na citrate 88.2 g
 

NaCI 175.3 g
 

Sttrile Double distilled water 1 liter
 

6. PIIA-P (Difco) 
5 distilledReconstitute PIIA-P (in lyophilized form) with ml sterile double 

water per bottle. The reconstituted solution is then kept at 4*C, ready for use. 

7. Cycloheximide(lO mag/mil) (Sigma) 
pl per 1 ml
Cyclohexinide 10 mg in i ml sterile distilled water, then use at 2 

cell culture to obtain 20 pg/ml final concentration. 
8. PBS
 

NaCl 8 g KCI 0.2 g
 

Na 2 11PO4 71120 1.93 g Sterile distilled water I liter
 

9. Ficoll-Hypaque solution (Pharmacia) 
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