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A MODIFIED ASSAY FOR MEASURING THYMOCYTE CO-STIMULATORY ACTIVITY
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The observation that murine thymocytes increase their proliferation to interleukin I (IL-1)
in the presence of phytohemagglutinin (PHA) when pre-incubated with interleukin 2 (IL-2)
allowed the introduction of a modified assay for the measurement of IL-1 or the search of
thymocyte-inducing proliferative activities in biological samples. Pre-incubation of thymocytes
Jor 24 hr with 50 u/ml IL-2, followed by washings, elicited their maximal response to IL-1 in
the usual lymphocyte activating factor (LAF) assay. This suggests that sequential events lead to
thymocyte activation. The responsiveness is three o five fold greater than, and the fotal time
of assay is the same as that of the LAI" assay. Interestingly, pre-incubation with IL-2 renders
thymocytes more sensitive than responsive o crude monocyte conditioned media. The use of the
MTT colorimetric method for the assessment of thymocyte proliferation, and of the lectin jacalin

as a co-mitogen are suggested as alternatives to be used in co-stimulatory assays.
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The lymphocyte activating factor (LAF)
assay was 1nitially introduced to measure
interleukin 1 (IL-1) activity in biological
samples (Gery et al., 1972). It exploits the
ability of IL-1 in co-inducing, with an appro-
priatc amount of lectin, the proliferation of
murine thymocytes at high densities (2.5-7.5 x
10° cells/ml). A modification of this assay was
later proposed, for determining interleukin 2
activity (Shaw et al., 1978). Such “thymocyte
co-stimulatory assay” employed a ten fold lower
number of thymocytes than the LAF assay, a
condition where IL-1 1s not active. Both co-
mitogenic assays are now known to be posi-
tively affected by other cytokines such as
murine tumor necrosis factor alpha (TNF-a)
(Ranges et al.,, 1988), interleukin 4 (IL-4)
(Conlon et al., 1989), interleukin 6 (IL-6) (Helle
et al,, 1988), and interleukin 7 (Conlon et al.,
1989; Okasaki et al., 1989). Synergism of TNF-
a with IL-1, IL-2 or IL-4 (Ranges et al., 1988),
1L-2 with IL-4 (Carding & Bottomly, 1988),
and IL-1 with IL-6 (Ehas ¢t al., 1989) has
been also reported in the LAF assay. [t was
absent in combinations of 1L-4 with interferon
gamma, granulocyte-monocyte colony stimu-
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thymocyte — co-stimulatory assays — inferleukin 1 — interteukin 2 — MTT — lJacalin

lating factor, interleukin 3, or IL-1 (Carding &
Bottomly, 1988).

The mitogen-dependent proliferative re- -
sponse of bulk thymocyte suspensions to ex-
ogenous IL-1 has been essentially ascribed to
mature (ready to leave the thymus) meduliary
peanut agglutinin-negative lymphocytes. It
would correspond both to this subpopulation
capabilities of producing IL-2 in response to
tectins (Conlon et al., 1982; Hanson et al.,
1983) and of enhancing IL-2 receptor (IL-2R)
expression under the synergistic action of IL-
] and IL-2, in a lcctin-independent way
(Mannel ct al., 1985; Falk et al., 1989). The
later observation prompted Falk et al. (1987)
to devise a co-stimulatory assay, in the ab-
sence of lectins, 1n which I[L-2R-inducing ca-
pability of IL-1 is the only activity titered, in
the presence of a saturating amount of IL-2,
This assay has the advantage of allowing the
measurement of IL-1 activity in samples con-
taining IL-2. However, it remains the disad-
vantage of being putatively affected by other
cytokines such as IL-6 or TNF-a, that also
increase bulk thymocyte proliferation in satu-
rating amounts of IL-2, 1n the absence of lectins
(duda et al., 1990), Actually, TNF-a 1s also
known to induce 1L-2R expression on thymo-
cytes {(Lowenthal et al., 1989).
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Although lacking in specificity, murine thy-
mocyte comitogenic assays remain as simple
and reliable systems for the initial screening
of the above mentioned or even other yet
unknown factors in biological fluids and cul-
ture supernatants. Using the thymocyte co-
stimulatory assay, for example, Ehas et al.
(1989) demonstrated the modulation of IL-6
secretion by IL-1 in cultured fibroblasts, while
we and others observed a spontaneous IL-1
release by peripheral blood mononuclear ad-
herent cells derived from rheumatoid arthritis
patients (Sabino et al., 1989; Goto et al., 1990).

In the present work we show that pre-incu-
bation of thymocytes with IL-2 increases both
their responsiveness to IL-1 and their sensitiv-
ity to human monocyte conditioned media in
the classical LAF assay. These observations,
while raising additional questions concerning
the relationship among cytokines and thymo-
cyte subpopulations, provide an alternative
assay for the measurement of IL-1 or other
thymocyte proliferative activities. A few
changes 1n the LAF assay are also proposed,
namely the use of the MTT colorimetric method
{Mosmann, 1983) in substitution to the radio-
active uptake method for the assessment of
celular proliferation, and of the lectin jacalin
as the co-mitogenic lectin,

MATERIALS AND METHODS

Animals — Thymuses were obtained from
male C3H/Hel or Balb/c mice aging 4 to 10
weeks, bred in the animal facilities of the
National Cancer Institute (Rio de Janeiro, Bra-
z1l).

Reagents — Culture medium, antibiotics, 2-
mercaptoethanol (2-Me), L-glutamine, dime-
thyithiazol-diphenyltetrazolium bromide
(MTT), phytohemagglutinins M (PHA-M, L-
3887) P (PHA-P, L-8754), and P (PHA-P*, L-
9017), and concanavalin A (Con A, C-2010),
were purchased from Sigma Co., St. Louis,
MO, Fetal calf serum (FCS) was obtained from
Cultilab, Campinas, SP. [°H]-thymidine (°H
TdR, 2 Ci/mmole) was purchased from Dupont,
Boston, MA. Jacalin was prepared as previ-
ously described (Dalmau et al.,, 1989). IL-1
containing conditioned media were prepared
by stimulating human mononuclear adhcrent
cclls with lipopolysaccharide in a nylon wool
column {CM) or in a plastic culture flask (CM1)
(Dalmau & Freitas, 1990b). Recombinant hu-
man interleukin 18 (sp. act. 10% units/mg of
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protein) and recombinant human interleukin 2
(sp. act. 10° units/mg of protein), both from
Hoftfman-LaRoche, Nutley, were kindly pro-
vided by Dr, Richard Peck, Basel Institute for

immunology, SW.

Pre-incubation of thymocytes — Thymocytes
were adjusted to a final concentration of 3 x
107 viable cetls/ml in RPMI 1640 medium plus
2 mM freshly added glutamine, 5% FCS, 5 x
107> M 2-Me (culture medium), with or with-
out IL-2 and incubated in 25 cm? plastic bottles
for 24 hr at 37 °C under a humidified atmo-
sphere containing 5% CO,. Cells were then
pelleted by centrifugation, washed four times
and once suspended in culture medium as in
the onginal volume.

Thymocyte mitogenic assays — Thymocytes
(1.5 x 10%well) were plated on 96 well flat
bottom plates in final volumes of 0.2 ml (for
the radioactive method) or 0.1 ml (for the MTT
method) of culture medium. Cultures were run
i triplicates for 48 to 96 hr, as indicated for
each cxperiment, Tritiated thymidine (0.5 uCi/
25 pl/well) was added for the last 18-24 hr of
culture, and incorporation measured by liquid
scintillation counting in a toluene-PPO-POPQOP
cocktail. The MTT method was carried out
according to Mosmann (1983), in a 2 hr incu-
bation with the substrate (3-(4,5-dimethyl-
thiazol-2-yl)- 2,5-diphenyltetrazolium bromide;
Sigma Chem. Corp.} in 10 ul of a 5 mg/ml
stock solution in PBS, and the reaction stopped
by the addition of 0.15 mi of 0.04 N HCI in
1Isopropanol. Solubilization of formazan was
accelerated by floating the plates for 1 min on
an ultrasound water bath (Chubby, 25 mega-
hertz, 900 watts; Thornton-Inpec Eletron, SA,
SP).

RESULTS

Pre-incubation with IL-2 renders thymo-
cyies more responsive to [L-1 and more sensi-
five to CM — In experiments performed to test
the participation of different cytokines in thy-
mocyte prohiferation, we observed that the pre-
incubation with IL-2 rendered murine thymo-
cytes more responsive to 1L-1 (unpublished).
Thymocytes pre-incubated with IL-2 (50 u/ml)
for 24 hr proliferated three to five fold more
to IL-1 1n the presence of PHA than did fresh
or medium pre-mcubated ones (Figs 1, 2, A,
B). Interestingly, IL-2 pre-incubated thymo-
cytes were found to be more sensitive (i.e.
respond to lower amounts of IL-1 or CM) rather
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Fig. 1: effcet of pre-incubation of C3H/Hel thymocytes with IL-2 on their response to [L-1 or CM. Freshly prepared
thymocytes (O} were seeded in microtiter plates and incubated for 72 (A and C) or 96 hr (B) in the presence of
PHA-M (20 pg/ml) plus IL-1 (A and B) or plus CM (C), as in the classical LAF assay. Thymocytes from the same
suspension were incubated without (A) or wath () 50 u/ml IL-2 Inr 24 hr, and then seeded 1n microtiter plates for
additional 48 hr (A and C) or 72 hr (B) with PHA-M and IL-1. The 311 TdR uptake time (last 24 hr of culturc) was
run simultaneously for the three conditions (O, A. ). with equal total periods of culture.
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Fig. 2: cffect of pre-incubation of murine 3alb/c thymocytes with JL-2

simultaneously for the three conditions (O, A, ), with equal total periods of culture.
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ah their response to IL-1 or CM. Freshly
prepared thymocytes () were seeded in microtiter plates and incubated for 72 (A and C) or 96 hr (B and ) n
the presence of PHA-M plus IL-1 (A and 13) or plus CM (C and 1)), as1n the classical LAF assay. Thymﬂcytea from
the same suspension were incubated without (A) or with () i(J u/ml IL-2 for 24 hr, and then seeded in microtiter
plates for additional 48 (A and C) or 72 hr (B and D). The 3H TdR uptake time (last 24 hr of culture) was run
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Fig. 3: effect of pre-incubating thymocytes with different
doses of IL-2 on their response to [L-1. Thymocytes from
C3H/Hel mice were pre-incubated in the absence (Q) or
in the presence of 1 (A), 10 (A) or 100 w/ml IL-2 () for
24 hr and then assayed for additional 48 hr to their
- .uliferative response to 1L.-1 in the presence of PHA-M.
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Fig. 4: mitogenic and co-mitogenic activities of differ-
ent lectins in the LAF assay. C3H/Hel thymocytes were
stimulated with diverse lectins in multiple amounts in

the absence (dashed bars) or in the presence (open bars)
of CM (1/27 dilution) for 72 hr.

than more responsive (i.e. present a higher ’H
TdR uptake} to human monocyte CM (Figs
1C, 2C, 2D). Maximal enhancing effect on
thymocyte responstveness to IL-1 could already
be reached with IL-2 doses near 10 w/mt! (Fig.
3). Pre-incubation with IL-2 did not change
the thymocyte sensitivity to PHA (not shown).
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Fig. 5: use of jacalin in substitution to PHA in the LAF
assay. C3H/Hel thymocytes were layered over a titered
conditoned medium (CM1) in the presence of 20 pug/ml
PHA-M (O} or 2 pg/ml jacalin (A) and incubated for 72
hr,
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Fig. 6: correlation between *H TdR incorporation and
MTT reduction in the measurement to thymocyte pro-
liferation. C3H/HeJ thymocytes were stimulated with
serial dilutions of CMI in the presence of PHA-M for
72 hr. *H TdR and MTT were added respectively 24 hr

and 2 hr prior to the end of cultures.



Mem. Inst. Oswaldo Cruz, R1o de Janeiro, Vol. 88 (3), jul./set. 1993 423

TABLE

Comparative data between the tritiated thymidine and
the MTT colorimetric methods in the LAF assay

: Controls Conditioned C/CM
Lectin ~ Method () medium (CM) x100
PHA-P S3HTdR 2.730 {(1032) 35.535(1464) 7.7

MTT 010 (.002) A453(.016) 2.3
PHA-M “*HTdR 1.055( 64) 25445( 403) 4.1
MTT —-.004( O} 380 (013 O
PHA? 3H TdR 905 ( 35) 13.190( 85) 6.9
MTT 044 ( .003) 253 (.011) 174
ConA “*HTdR 6.300( 933) 28.480(4398) 22.0
MTT 070 (.004) 350(.015) 20.0

a: PHA, phytohemagglutinin Wellcome, Dartford, UK.
Thymocytes were co-stimulated with the indicated
lectins in the absence (controls) or the presence of CM
(1/10) for 72 hr. For the radioactive method, *H TdR
was added 24 hr before the end of culture and the
results are shown in cpm. For the enzymatic method,
the methyl tetrazolium was added 2 hr prior to the end
of culture (the stop of reaction) and the results are
shown as As70pm, Obtained by the use of an ELISA
reader. Numbers between parenthesis represent the SD

of the means of triplicates.

The use of jacalin and the MTT method in
the LAF assay — A critical feature in the LAF
assay 18 the choice of the lectin and 1ts con-
centration. A suitable lectin should induce, at
suboptimal or optimal amounts, satisfactory co-
mitogenic response while keeping at low val-
ues its intrinsic mitogenic effect. Fig. 4 shows
comparative results obtained with PHA-M,
PHA-P, Con A, or jacalin, when tested for
thymocyte co-stimulation with a CM diluted
1/27. As can be seen, jacalin 1s as good as
PHA 1n its co-mitogenic capacity and exerts a
similarly low mitogenic activity on thymocytes,
conversely to Con A, that has a high mito-
genic activity even at suboptimal doses. The
suitabality of using jacalin 1n this assay is shown
in Fig. 5, which shows the titration curves of
a conditioned medium (CM1) 1n the presence
of either PHA (20 pg/ml) or jacalin (2 ug/
ml).

The MTT reaction represents the activa-
tion of reduction pathways mainly at the mi-
tochondrial level (Mosmann, 1983) what could
potentially occur with non-dividing thymocytes
exposed to lectins and/or cytokines, However,
under phase contrast microscopy, only enlarged
lymphocytes (blasts) and adherent thymic stro-
mal cells presented in their cytoplasim formazan

cristals (not shown). The suitability of the use
of the MTT method in the LAF assay, and
consequently in our proposed pre-IL-2 assay is
shown in Fig, 6, in which a CM was titered in
the presence of PHA and the résponse mea-
sured by both the MTT reduction and the *H
TdR uptake methods, Table shows the results
obtained when murine thymocytes were ex-
posed to the indicated doses of phytohemag-
glutinins or Con A in the presence of a 1/10
diluted CM, and the responses assessed by the
two methods,

DISCUSSION

The main advantage of the assay proposed
by Falk et al. (1987) (co-IL-2 assay) is to al-
low the measurement of IL-1, and probably
other cytokines, in samples carrying 1L-2. In
our hands this assay also proved to be more
responsive to pure IL-1 than the LAF assay
(not shown). However, one should be careful
when measuring IL-1 activity in samples con-
taining lectins, since n the presence of IL-2,
thymocytes strongly proliferate even to poorly
mitogenic lectins as PHA or jacalin (Carding
& Bottomly, 1988; our unpublished data). The
presently proposed pre-IL-2 assay increases the
responsiveness of thymocytes to IL-1 to a
magnitude similar to that of the co-IL-2 assay
(not shown). As the classical LAF assay, it has -
the disadvantage of being sensitive to exog-
enous [L-2. Nonetheless, it allows the mea-
surement of IL-1 in samples containing lectins
such as PHA or jacalin.

Occasional high backgrounds (i.e. prolif-
eration to lectin alene) when pre-1L-2 assay
was run for 72 hr (24 hr of IL-2 pre-incubation
plus 48 hr of incubation) can be overcome, as
in the LAF assay, by extending the total time
of the assay to 96 hr. This will increase the
slope of the curves, allowing a more accurate
umt determination, although decreasing the
sensitivity of these assays. The same proce-
dure 1s not effective when attempting to re-
duce the background in the co-IL-2 assay,

The mechanism{s) by which pre-incubation
with IL-2 increases the thymocyte responsive-
ness for [L-1 or the sensitivity to CM remains
to be determined. Interleukin 2 has been shown
to have a very poor ability of inducing its own
receptor on thymocytes 1n the absence of lectins
(Hanson et al., 1983). An etffect of [L.-2 on the
survival or expansion of IL-1 responsive cells
can not totally explain the observed results,
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since pre-incubation in the absence of IL-2
increases (although slightly) the responsiveness
of thymocytes to IL-1, and flow cytometry
analyses of CD4 and CD8 distribution on thy-
mocytes pre-incubated either with or without
[L-2 showed similar profiles (data not shown).
Experiments aiming to detect differences in
cytokine secretion by thymocytes after pre-
incubation in the presence or absence of IL-2
are presently being carried out,

The choice of poorly mitogenic lectins such
as PHA or jacalin, which can be used in the
LAF assay even at optimal or overoptimal
doses, 1s important to avoid significant changes
in free lectin, once erythrocytes can variably
contaminate the thymocyte preparations. More
reproducible assays can be obtained with those
lectins than with Con A, which should be used
In a narrow sub-optimal dose range (usually
0.25 to 1 ug/ml, depending on the thymocyte
preparation and mouse strain used (Dalmau &
Freitas, 1990a}, to achieve a good ce-stimula-
tory etfect with a poor background signal. The
murine thymocyte co-stimulatory assays ini-
tially proposed for the measurement of IL-1 or
IL-2 have already been substituted for more
specific biological or immunochemical assays.
However, they remain as useful tools for an
mitial cytokine search in biological samples.
They can be used for the detection of natural
cytokine inhibitors (Svenson & Bendtzen,
1988), immunostimulants (Dalmau et al., 1990),
and when assaying human monocyte culture
broths the LAF assay i1s quite specific for de-
tecting IL-1 activity (Dalmau et al., 1991). In
this context we think that the pre-IL-2 assay is
more responsive or sensitive than the classical
LAF assay in which the alterations herein sug-
gested can also be incorporated.
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