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Enumeration of Interleukin 2-
Producing Cells from Rat Spleen 

Sanit Makonkawkeyoon, Chakrit Hirunpetcharat*, Watchara Kasinrerk and Vicharn Vithayasal* 

When stimulated by recall 
antigens, lectins or bacterial SUMMARY A raethod for the enumeration of IL2 - rroduclng cells from rat .plaen
products, mono:.,,tes and lymphocytes has been developed. Rat spleen cells were stimulated with concanavalln A(Con A),release biologically hhl' tive washed, then mixed with IL2-dependent 	cells (3day Con A blasts) and plated Insoft agar. Clusters of 112-dependent cells formec around IL2-producing cells, 
solublc mediators ierried nionokines giving colonies which were easy to count unde: a dissecting microscope. All 
and Ivimphokincs respectively. One experimental factors influenciag development of colonies of IL2 - oroducing cells 
of thc monokijics is a non-antigen surrounded by lL2 - dependent cells were evaluated and set up. Optimum number of 
specific peptidc, originally designated effector cel!s was 2.5 ;a 105 cel..culture, while optimum numberof 1L2-dependont 
lvmphcvtc ;'.tivaing factor (LAF) cellswas6 x 106 cells/culture. Optimum concentration of Cln A lor L2stlmulatlon 

was 40 lg/ml with an optimal stlmulatioi time of 10 hours. Optimum Incubation timend now cal,.d interleukin 1 (ILl). for development of IL2-pioduclng cell colonies was 5acys. The number of IL2-
One f lh. most inportant lympho- producing coils by this technique had a good correlation vilth the level of 1L2 In the 
kine pceviously designated T-cell cell culture fluid (r = 0.885). When colonles were aspirated from eCa,'and stained by 
gro , th factor (TCGF), is now called Wright stain, a big purplo stained cell at the center was surrounJed by small cells In 
i=:tcrleikin (1L2).' The monokine][.erleakisc s 22t -ee nifotoine almost all colonies examined. All cells from colonlis were fluoresed with antimouse Thy 1.2- fluorescein conjugate. However, they were negative with anti -mouseIg- fl'jorescein conjugate. The number of IL.2- producing cells was 816- 2080 cells/ 

immune responses by inducing 106 of rat spleen cells with mean ± S.E.M. = 1404 ± 1541106 ce!ls. 
putative 11.2-producing cell to 
differentiate to the point where sub
sequent ligand activar'o'i triggers in a number of cinical conditions. IL2 in the t-ssue culture fluid from a 
the production and release o," IL2. Many investigators have successfully cell source has only measured the 
Such a scheme truly separates the worked on the production, isolation, amount of IL2 per unit of cells, and 
effect of the monokine ILl from and purification of human 112, rat has not determined the number of 
that of the lymphokinc IL2. 2, 3 112 ld niurine IL2.t -3 The molecular, cells producing 1L2. Accurate 

biological and biochemical charac- enumeration of the number of 
After the discovery of lL2, this tcristics of IL2 from these three 1L2-producing cells is essential to 

lymphokine has attracted considerable species have also been investi,ated. 4 the understanding of immune 
scientific attention because of its 
ability to stilulate continuous growth Although tile production of I2 	 From the Department of Clinical Immunology, Fa.ulty 
of T lymlphocytes. 1L2 is not only a from human peripheral blood 	 ofAssociatedMedicalSciences, SectlonofMlcmbilo'gy 
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responses both in humoral-mediated 
immunity (HMI) and cell-mediated 
immunity (CMI). We have developed 
a simple technique which can quan-
titate the number of IL2-producing 
ceils from spleen cells of rats. 
Whe, IL:-producing cells are 
cultu.ed with 11.2-dcependent cells in 
semisolid agar medium. .olonies of 
1L2-.dependent cells form around 
1L2-producing cells. All colonies 
formed in the semisolid agar can be 
enumerated directly under a 
dissecting microscope. 

MATERIAI.S AND METHODS 

Preparation and stimulation of rat 
spleen cells 

l.e\is strain of albino rats 
from our own animal colony at the 
agc of 6-8 week., were killed by 
dticlhylet her vapor illa closed jar. 
Spleen was renloved aseptically, cut 
into ortall pieces, crushed, and 
passed througti a 40-gauge stainless 
steel mesh screen in RPMI 1640 
medium. The contaminating rat 
erythrocytc, in the spleen cell 
suspension were lysed by 0.155 M, 
pH 7.2 hypotonic amionium chloride 
solution. The isolated spleen cells 
were washcd twice and adjusted to 
I x 106/ml with RPMI 1640 
supplemented with 10 o heat-
inactivated fetal calf serum (FCS, 
6 13CCO), 10 mM HIEPES, 100 units/ 
ml pcnicilliti G, 100 jig/nil strep-
tomycin, I mM sodiutm pyruvate 
2;,t5 X 10 5M 2-mercaptoethanol 
(2-NI E). Ten milliliters of rat spleen 
cell suspension containing 40 jig/nl 
concanavalin A (Con A, Sigma) was 
added to a 60-mam diameter tissue 
culture plate (Falcon). All culture 
plates were incubated at 37°C, 511o 
CO, ill air With hutnidilfid atmosphere 
for 10 hours. Cultured cells were 
harvested from plates and washed 
twice \\ith RPMI 1640 medium by 
centrifuging at 600xg 10 inn at room 
temperature. Spleen cells were adjusted 
to 2.5 x 106/ml with supplemented 
R1NIl 1640 medium. 

Three-day Con A blasts 

Three-day Con A blasts were 
prepared from inbred strains of BALB/c 
mice with some modification of the 
method of Granelli-Piperno et al.8 
Briefly, 6-8 weeks old animals were 
killed by cervical dislocation; spleens 
were removed aseptically and crushed 
through a stainless steel mesh irto 
RPMI 1640 medium. After erythro-
cytes were lysed and the mouse spleen 
cells washed twice, the cell suspension 
was adjusted !o I x 10(/nil with 
supplemented RPMI 1640 medium. 
Twenty milliliters of spleen cell 
suspension, containing 5 pg/ml Con 
A, was cullured in a I0)-mmn diameter 
tissue culture plate (Falcon). After 3 
days, the nonadherent cells were 
resuspended bv gentle pipetting, 
collected, and washed iwice with 
RPM I 1640 medium. Cell suspension 
was adjusted to 3 x I0/ml with 
supplemented RPMI 1640mediun. 

Preparation and seeding of culture 
plates 

The culture method used was 
the soft agar gel system for culturing 
bone marrow cells 9 with some 
modiflication using 35 x 10-nm tissue 
cul Lrc plates (Falcon). The lower agar 
layer of each culture plate contained 
1.0 ml of a mixture composed of 0.5 
ml of' double strength RPMI 1640 
wilh supplements and 0.5 ml of 100 
agarosc in distilled water (Ag:.ose 
Indubi )se A45, Accurate Chemical, 
Hicksville, NY). The uppe- layer, 
with a volume of I nil, was 
composed of 0.28 ml of ITo agarose 
in distilled water, 0.28 nil of double 
strengh RPMI medium, 0.14 ml of 
RPM I medium, 0.2 ml of responder 
cell suspension (3-day Con A blasts), 
and 0.1 ml effector cell suspension 
(Con A-stimulated rat spleen cells), 
The mixture was permitted to gel at 
room temperature for 15 minutes. 
For controls, cultures were set up in 
which the upper agar layer consisted 
of only effector cells or only 
responder cells. All culture plates 
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were ncubated in a CO 2 incubator 
at 37°C 5076 CO 2 for 5 days. All 
colonies were enumerated under a 
dissecting microscope with x 30 
magnification. 

Experimental factors influencing 
development of colonies of IL2
producing cells 

1. F.fect of number of 
respondercells. Various cell numbers 
of 3-day Con A blasts, 0, 
3.0 x 106, 4.5 × 106, 6.0 x 106 
7.5 x 106, 9.0 x 106, 10.5 x 106 
and 12.0 x 106 cells were plated 
with 2.5 x 105 ofeffector cells (Con
A-stimulated rat spleen cells). Colonies 
developed in tile agar plates were 
counted after 5 days of incubation. 

2. Effect of numberof effector 
cells. Various cell numbers of Con 
A st imulated rat spleen cells, i.e., 
1.25 x 105, 2.5 x 105, 5.0 : 105, 
7.5 x 105 and 1.0 x 106 cells were 
plated with 6.0 x 106 responder
cells (3-day Con A blasts). Colonies 
in the agar plates were counted after 
5 days of incubation. 

3. Effect of Con A conceutra
tions for stimulation of rat spleen 
cells. Rat spleen cell suspension, 
I X 106/1nl was stimulated with 0, 
10, 20, J0 and 80ug/ml Con A for i0 
hurs. The cell cultures were washed 
twice and rcsuspended in RPNi 
1640 with supplements. The effector 
cells, 2.5 x 105 cells in 100 jil, were 
mixed with 6.0 x 106 cells in 200 11 
of responder cells. Colonies in the 
ag~tr pla,-s were counted after 5 
days of incubation. 

4,Optimal stimulation period 
of Con A for effector cells. Rat 
spleen cell suspension of l x 106/ml 
was stimulated with 40 jig/mIl Con 
A for a period of 5, 10, 18 and 24 
hours respectively. After each sti
mulation period, cultured cells were 
washed twice and resuspended in 
RPMI 1040 medium with supplements, 

http:cultu.ed
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and 2.5 x 105 cells of Con A stimu- Thy 1.2. fluorescein conjugate (Becton shows that the optimal stimulation 
lated iat 'nleen cells were agar Dickinson, Mountain View, CA.) time was 10 hrs using 40 pg/ml con 
plated with 6.0 x 106 of responder for detection of mouse B and T A (5 rats). Figure 5 shows optimum 
cells. Colonies were counted after 5 lymphocytes respectively. Individual incubation time for 1L2 colony de
days of incubation, colonies were also stained and velopment in 2 rats was 5 days. The 

examined by light microscope. relationship between the number of 
5. Optimum incubationperiod IL2-producing cells and the level of 

for development of colonies. After IL2 in 4 rats is shown in Figure 6. 
stimulation with 40 pg/ml Con A RESULTS There is a significant correlation 
for 10 hours, the rat spleen suspension between the number of IL2-producing 
of I x 106 /mi was washed twice Experimental factors influencing cells and the level of IL2 in the culture 
and 2.5 x 105 cells/100 pll were development of colonies of IL2- supernatant fluid (r = 0.885) 
mixed with 6.0 x 106/200 Id of producing cells 
responder cells. Colonies developed 
in agar plates were counted every Figure I shows the influence of Figure 7 shows the IL2 depen
day for 7 days. the number of responder cell on the dent properties of 3-day Con A 

development of colonies of IL2- blasts and CTLL-2. After rat factor 
Correlation belween number of 11.2- secreting cells in 4 rat spleens. The (containing IL2) 'vas adsorbed with 
producing cells and level of 11.2 optimum cell concentration of res- 3-day Con A blasts or CTLL-2, the 

ponder cells was 6 x 106 cells/ adsorbed rat factor was assayed for 
Various numbers of Con culture. The appropriate concentration IL2 with 3-day Con A blasts (Fig. 7A)

A-stimulated rat spleen cells, of effector cells from 5 rats was 2.5 or with CTLL-2 (Fig. 7B). All IL2 
0.625 x 1) 5 , 1.25 × 105, and X 105 cells/culture as shown in was adsorbed out by 3-day Con A 
2.5 x 105/ml, were mixed with 6.0 Figure 2. Figure 3 shows the optimal blasts or CTLL-2. Figure 8 shows 
X 10)6 responder cells and agarose. concentration of Con A for stimula- tile morphology of an IL2-producing 

Colonies of IL2-producing cells were tion of IL2-producing cells was 40 colony JA, x 301 and IL2-producing 
enumerated after an incubation pg/mIl in 3 rats, while Figure 4 and non-1L2-producing cells [B, x 200j. 
period of 5 days. The level of I[-2 
in each supernatant fluid was 
determined by microassay using 
('1" 1 .- 2 as the indicator cellsti) (C71. -2
 
\wa,, kindly piovided by Professor 20
 
\Vard F. 13ullock, l)iVision of Infectious "
 
l)iseases, Department of Interna * 

Medicine, University of Cincinnati, X 16 
Ohio, USA). The level of IL 2 pro-

U) 

producing cells \sere plotted to see ,
C * 

the correlation. 

Morphological and cell surface W 
0.0 

markers studies 0 

Colonies ill each culture were C.L / 
punched out using a capillary pipette 2 

and the contents were blown into o 

1.0 nil RPM I medium (37°C). In Q
each experiment, 10 colonies from 

0 a.0 4.5 8,.0 7.5 9,0 10.5one plate of culture were pooled. 12.0 

Thlie morphology of cells was i a 
examined by phase contrast micros- Concentration of Responder Cells (X10 

copy and by staining with Wright's 
stain. Cells from colonies were also Fig. 1 Optimal concentration of responder cell (3- day Con A blasts) for 
stained with goat anti-mouse Ig- development of colonies of IL2 - producing -tlls (4 experiments). 
fluorescein conjugate and anti-mouse 



132 MAKONKAWKEYOON, ET AL. 

Table I shows numbers of 
20 colonies when effector cells were/* 	 mixed with responder cells. The 

resulting number of IL2-producing 
cells is 816-2080 cell/106 spleen

;o 
 cells with a mean ± S.E.M. =1404 

. ± 154,1106 cells. When responder or 
17 • effector cells were cultured alone in 
"* 
,- 12 	 agar, the numbers, of spontaneouscolonies were 0-79 colonies/6 x 106 

CL 
_" •(Mea +S..M.= 21 + 10 colonies) 

, / 	 or 0 colony/2.5 x 1(5, respectively. 

o+)DISCUSSION 

Z 
o 	 4 T cells and their secretory 

products, lymphokines, are the 
*, 
 major regulators of the immune 

system. IL2, one of lymphokines, 
1,.5 2 .5 7.5 

has been shown to act in a variety of.0 10.0 immune responses. Purified 	IL2 has 

Concentration of Effector Cells x to) 	 shown, in vitro, a wide variety of 
activities such as to trigger theFig. 2 Titration of effector cells (Con A- stimulated rat spleen cells) for proliferative expansion of activated

development of colonies of IL2 - producing cells (5experiments). T cell clones, enhance lhymocyte 

milogenesis, provide T cell help for 
the generation )I' nude spleen-cell 
plaque-forming cell responses to 
htcrologous erythrocytes, and 

20 induce alloantigeri-specific thymocyte
* 	 and nude spleen cytolytic T cell 

* reactivity. The in vivo administra
* tion of purified IL2 results in the 

-
16* 

/16, 	 augmentation of two distinct cytolytic 
responses, alloantigen-specific CTL 
activitv and resident NK-cell res

c:12. 	 4ponses. These findings confirm
* 	 ,that IL2 may be an important 

0 	
* regulator of immune function and, 

as such, warrants examination as an 
8 * active therapeutic agent against 

e, clinically deficient, aberrant immune 
a2

responses. Therefore, IL2 has o 
 attracted considerable scientific 
attention, not only as a useful 
reagent for the maintenance of large
11nbers of' effector T lymphocytes, 

0 10 20 40 	 but also as a potentially potent80 immunoregulatory molecule, which 

Concentiation of Con A (ug/ml) could be of therapeutic usefulness in 
a number of clinical conditions.Fig. 3 Titration for the optimal concentration of Con A for stimulation of
 

IL2 - producing colonies (3experIments). 
 There ate many methods used 
to detect the IL2 level in cell culture 
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fluid, and the ability of T lymphocytes 
to produce IL2 in various diseases 
has been evaluated using these 

21 procedures."1 The unit amount of 
IL2 per amount of cell culture could/ sbe determined by these IL2 assays. 
However, the number of T lympho
cytes that can produce and secrete 
IL2 cannot be determined by these 
assays. Therefore, we have developed 
a simple and reliable technique which 
can enumerate 1L2-secreting. cells 

CL 	 using a soft agar system.9 
'0 9 

0 	 *All experimental factors in

,a. 	 fluencing development of colonies 
of IL2-secreting cells were evaluated 

E- and set up. The optimal number of 
0 rat spleen ceil: (effector cells) which 

was stimulated to secrete IL2 was 
2.5 x 105 cells/culture, while the 

.0 18 24 optimal number of responder cells 
(3-days Con A-blasts) was 6 x 106 

Stimulation Time (Hours) cells/culture. The optimal concen
tration of Con A was 40 pg/ml withFig. 4 Optimal stimulation time of 40 pg/ml Con A for development of the optimal stimulation time 10colonies of IL2 - producing cells (5 experiments), 	 hours. When the number of IL2

producing cells was compared with 
the level of 1L2 in the cell culture 
fluid, there was a significant correlation between the two (r=0.885). 

* The optimal incubation time for 

development of IL2-producing cell 
colonies was 5 days. It was noted 
that after 5 days of incubation, the2 28 iL2-producing cell colonies disin

tegrated and dissolved after 6 ,'" 
C days. When 1L2-producing cell_* colonies were examined under a 
.0 light microscope, they showed one 
S,,big purple stained cell surrounded 

by smaller 1L2-dependent mouse 
a. 3-day Con A blasts. When IL2
..2 	 producing cell colonies were

smeared and stained with anti-Thy 
0 /Z 	 1.2-flUorescein conjugate (specific 

for T cells of mice), all cells were 
positive like the 3-day Con A blasts. 
However, Con A-treated rat spleen 

3 4 a .7 	 cells gave negative reaction to the 
anli-Thy 1.2 antiserum. IL2-producing 

Incubation Time (Days) colonies, 3-day Con A blasts and 
Fig. 5 Determination of optimal incubation time for development of Con A-stimulated rat spleen cells 

colonies of IL2 - producing cells (2 experiments). were negative when stained with 
... anti-mouse Ig-fluorescein conjugate. 
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The possible mechanism of 
1L2-producing cell and subsequent 
IL2-dependent cell colony occurs 

oo. . oIml when the 1L2-producing cell secretes 
o o~0 x/I IL2 by the stimulation of Con A. 
, 1.25 x omI IL2-dependent cells around the 1L2

400 *2.50 X I0ml 	 producing cell will respond to the 
IL2 secretion by dividing and 
forming a colony around the 

0 that all but one cell in each colony 
will be I1L2-dependent (mouse T) cells. 

"" ".Our results, showing that all cells 
200. ,_ examined fim the colony were 

positive to anti-Thy 1.2-fluorescein 
E ".conjugate, confirm this possibility. 
Z 	 too. The 1L2-dependent cells (3-day Con 

tooZ 
A blasts) used in our study are truly 

0" 	 IL2-dependent cells because when 
rat factor (containing IL2) is 
adsorbed with CTLL-2, the 3-day

1 2 Con A blasts is not able to grow in 

Units of IL 2 Per MI 	 the adsorbed supernatant fluid. 

F'. . , Relationship between number of IL2 - producing cells and level of Some researchers have tried to 
IL2 production from rat spleen cells, 0.625 x 105, 1.25 x 105 and 2.5 x 105 enumerate 1L2-secreting T cells. 
per ml (4 experiments). Miller and Stutman 1 2 tried to 

enumerate 1L2-secreting T helper 

__, 

Co 

20 

-*8-

.-. fresh RF (A) 

*-* unadsorbed R F 

CTLL 2 adsorbed RF 

o-# blast adsorbed RF 

(B) 

C 

0 

12 
'I 6 

1 2 1:4 1:8 1:16l 1:2 1:4 1:8 1:16 

Dilution ol IL 2 (RF) Dilution of 	 IL2 ( R F 9 , 'II 

Fig. 7 Adsorption of IL2 (Rat Factor) with CTLL - 2 or 3 - day Con A blasts; supernate assayed for IL2 activity after 
adsorption by 3 -day Con A blasts (A) or CTLL - 2 (B). 
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Fig. 8 fL2 - producing cell colony; one whole colony under light dissecting microscope (A,x 30); one big cell at the 
center of colony surrounded by smaller cells of 3-day Con A blasts (B arrow 1, x 200) (B arrow 2 Non -lL2
producing cell). 

cells in spleen cell fpopu,lations of i1m1unoperoxidase staining. They and Miller 14 presented a culture 
mice by limiting dil1tion analysis. identified a T cell subpopulation in method for estimating the number 
Alfter alloantigen stimulation, there P1HA-stimulated hiuman PBM L of human blood lymphocytes 
was about one T cell in every 30 to cultures which lhey believed to be producing 11.2 when responding to
300 that cou ld generate detectable Hl.2 producer ' lylmphocytes. Their nilogen. Their method was also 
levels of 112. H oever, Ihcir interpretation was supported by a based on limiling dilution analysis
procedturc depends on :statistical similar staining pattern Of' .urkat and estirnation. Our procedure, on 
analysis and estimation. Gillis eq(l. 13 I:l]'R( cell line known to be a fhe other hand, determines tile 
tried to identilv interleukin 2 hiuman 112 producer. Their 12 actual lnumber of IL2-producing
producr and responder T lymphocyte producer cells also had intense cells which are surrounded by 112 
subpopulations using tuonoclonal cytoplasntic staining surrounding dependent cells, providing a simple,
antibody specific to 11-2 and the 11.2 deposit-free niluclels. Vie accurale and straight forward means 

to enumerate IL2-fproducing cells in 
a variety of immunologic disorders. 
This technique should be used as a 

Table 1 Number of colonies from different cell cultures potential procedture to evaluate the 

Cell types Number of colonies abuonnality of' inmnlunoregulation 
..............--- . i various diseases concerning aberrant
Responder Effector Range Mean- S.E.M. immune responses. 

a

+ 0 0 

+ - 0-79 21 ±10b ACKNOW,EI)(;IMi:iTS 
+ + 816-2080 1404_154c 

aCo onies per 2 5 , 105 Research supported by USAID/of effector cells 
bColonies per 6.0 x 106 of responder cellscCoionies per v0 x 106 of effector ceiib 5542-G-00-5056-00 to Chiang Mai 

Universily. 
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