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A New Method to Detect Response of
Lymphocytes to Allo-antigens
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ABSTRACT

The mixed lymphocyte reaction (MLR) is the most commonly used method of investigating
the immunological response of lymphocytes. However, this conventional technique requires the
use of a radioisotope and is time consuming. Furthermore, there is a possibility that MLR
does not reflect the response of each lymphocyte subset individually. The purpose of this study
is to determine whether detection of IL-2 mRNA by reverse transcription polymerase chain
reaction (RT-PCR) can be used as a new method of studying a precise response of PBL to
allo-antigens. The study was conducted using lymphocytes from healthy volunteers, a renal
transplant recipient who exhibited donor specific MLR unresponsiveness, the donor and the
recipient’s father. A kinetics study revealed that the expression of IL-2 mRNA in the MLC
reached its maximum at 24-48 h. Lymphocytes from a renal transplant recipient also exhib-
ited the same IL-2 mRNA expression pattern in response to stimulation with PBL from a
non-related 3rd party but not to that from the donor. These data suggest that the expression
level of IL-2 mRNA in MLC measured by RT-PCR at 24-48 h provides accurate response of
PBL to allo-antigens.
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Very few methods are currently available for
studying immunological response of peripheral
blood lymphocytes (PBL) to allo-antigens. The
mixed lymphocyte reaction (MLR) and cell-me-
diated lympholysis (CML) are the most popular
methods of estimating the activity of PBL follow-
ing stimulation with allo-antigens. MLR involves
the measurement of the uptake of [H]-TdR by
responder cells in response to stimulation with
inactivated PBL by irradiation or mitomycin C,
while CML measures °1Cr release from target
cells injured by primed responder cells. MLR and
CML have both been studied as the methods of
detecting HLA antigens® and to monitor or pre-
dict the rejection during transplantation thera-
pyl?. However, as a method of predicting the
course of transplantation therapy, MLR has been
reported to be less reliable than CML?Y, since
MLR indicates the total response of all subsets of
PBL or total DNA synthesis by the whole re-
sponder cell population. MLR and CML also re-
quire the wuse of radioisotopes and involve
complex procedure. Furthermore, MLR and CML
take 6 days and 5 days, respectively, before the
results are obtained.

In contrast to these conventional methods, sim-
pler and less time consuming methods of investi-
gating the activity of lymphocytes stimulated by
mitogens, such as PHA and Con A, have been
reported. These methods measure the expression
of cytokine mRNAs and include northern blot-
ting® which requires the use of radioisotope and
an even simpler method known as the reverse
transcription polymerase chain reaction (RT-
PCR)?, which can be performed without a radio-
isotope. However, the method of studying the
reaction of lymphocytes to allo-antigens using RT-
PCR has not been reported. The purpose of this
study is to determine whether RT-PCR can be
used to measure lymphocyte responses following
stimulation with inactivated lymphocytes by ob-
serving IL-2 mRNA in mixed lymphocyte culture
(MLC) in a simple and time-saving manner. An
initial MLC was performed using lymphocytes
from five healthy adult volunteers, a renal trans-
plant recipient who exhibited donor specific MLR
hyporesponsiveness, the donor (the recipient’s
mother), the recipient’s father and a healthy
third party. The expression of IL-2 mRNA in re-
sponder cells in MLC was then measured by RT-
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PCR. IL-2 is known to play the most significant
role in lymphocyte proliferation out of 15 cyto-
kines now officially recognized!V. It can be con-
sidered that measuring the expression of IL-2
mRNA is equivalent to measuring the prolifera-
tive activity of lymphocytes. The kinetics study
presented here shows that the expression of IL-2
mRNA by PBL in response to the stimulation
with inactivated allo-PBL at 24-48 h can be used
as a method of examining the precise response of
PBL to allo-antigens.

MATERIALS AND METHODS

Cells and medium:

Peripheral blood lymphocytes (PBL) were ob-
tained from the venous blood of five healthy adult
volunteers, a renal transplant recipient, the
kidney donor (the recipient’s mother), the recipi-
ent’s father and a healthy third party by the Fi-
coll gradient method. The recipient had been
transplanted with his mother’s kidney 5 years
previously and had no history of rejection. PBL
were frozen and thawed before each assay. The
medium was RPMI1640 (GIBCO BRL) supple-
mented with 20% human AB serum and 100
U/ml penicillin (GIBCO BRL).

Mixed Lymphocyte Reaction (MLR):

PBL was obtained from healthy volunteers: a
renal transplant recipient, the donor (the recipi-
ent’s mother), the recipient’s father and third
party. MLR was performed with PBL in a 96 well
flat bottomed plate (Falcon 3072) in triplicate.
Responder cells (1 X 105/100u1) and stimulator
cells (1x105/100ul, irradiated with 2000 cGy)
were cultured for 6 days in 5% COg humidified
atmosphere. 0.5uCi tritiated thymidine ([3H1-
TdR, Amersham) was then added to each well
during the last 16 h and the cells were harvested
on day 6. Cellular incorporation of [*H]-TdR was
assessed using liquid scintillation counter (Aloka).

Reverse transcription polymerase chain
reaction after MLC:

Responder cells (5><105/100,u1) and stimulator
cells (5x 105/100,u1, irradiated with 2000 cGy)
were cultured in 5% COg humidified atmosphere.
Cells were harvested every 24 h from the begin-
ning of the experiment up to 72 h. Whole mRNA
was obtained by the acid guanidinium thiocya-
nate phenol chloroform extraction method®.
Briefly, sample PBL were centrifuged in
10000rpm for 5 min after washing with PBS (-).
0.5ml of solution D (4M guanidinium thiocyanate,
25mM sodium citrate; pH7.0, 0.5% sarcosyl, 0.1M
2-mercaptoethanol), 50ul of 2M Na-acetate, 0.5ml
of phenol and 100ul chloroform/isoamyl alcohol
(49/1) were added successively to the pellet. Sam-
ples were vortexed and placed on ice for 15 min.

The upper layer was collected after centrifugation
at 10000rpm for 20 min. 0.5ml of Isopropanol
was added to collected samples. RNA was precipi-
tated by cooling for 1 h in —20°C and centrifuga-
tion at 10000rpm for 10 min. Sample RNA was
washed with 80% ethanol three times. To prevent
DNA contamination, sample RNA was treated
with 5U of RQ1 DNAse (Promega). Each mRNA
was dissolved in 20ul of DEPEC water. 3ul of
each sample was transcribed to ¢cDNA in a
THERMAL SEQUENCER TSR-300 (Iwaki Glass
Co.). The RT reaction buffer was composed of
50mM of KCl, 20mM of Tris-HCl (pH 8.4 at
25°C), 0.1mg/ml of BSA, 2.5uM of oligo d(T)g,
20U of RNasin (Promega), 200U of RTase (GIBCO
BRL) and 1mM of dANTP in a reaction volume of
20ul. The MgCls concentration was 1.5mM.
2x 108 copies of pAW 109 RNA1? were added to
RT buffer as an internal standard for IL-2
mRNA. Reverse transcription was performed at
42°C for 16 min and reverse transcriptase was
inactivated at 99°C for 6 min. The primer sequences
for 112 were (GAATGGAATTAATAATTACAAG-
AATCCC, TGTTTCAGATCCCTTTAGTTCCAG)™.
The size of PCR products of IL-2 was 222 base
pair and that of pAW109 was 305 base pair, re-
spectively. The PCR reaction buffer was composed
of 26mM of Tris-HCl (pH 8.5 at 25°C), 0.01%
(w/v) of gelatin, 2.5U of Tag DNA polymerase
(PERKIN ELMER CETUS) and 50pmol of each
primer in a reaction volume of 80ul. PCR buffer
was added to the RT products and 100ul of each
solution was subjected to 35 cycles of PCR. Each
cycle consisted of 85 sec denaturation at 94°C, 2
min annealing at 57°C and 45 sec extension at
72°C. Ten microliters of each product were then
analyzed by electrophoresis in a 2% agarose gel
run in 1xTBE buffer.

RESULTS

1. MLR measured by thymidine uptake
Among PBL from five volunteers, PBL from
K.O yielded 3176 +893cpm and 79=+18cpm after
the stimulation by irradiated PBL from K.S and
auto-PBL, respectively. PBL from H.Y yielded
4587 +1406cpm and 112=+59cpm in response to
the stimulation with irradiated PBL from T.O
and auto-PBL, respectivelyy PBL from YM
vielded 4398 = 771cpm and 192+ 17cpm following
the stimulation by irradiated PBL from T.O and
auto-PBL, respectively (Table 1). These data sug-
gest that the PBL used as responder cells react
with irradiated allo-PBL but not with auto-PBL.
PBL from the renal transplant recipient yielded
798 +=753cpm in response to PBL from the donor,
9663 +6029cpm in response to PBL from the re-
cipient’s father and 19987 +3470cpm in response
to PBL from the third party, respectively (Table
2). PBL from this renal transplant recipient thus
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Table 1. MLR between healthy volunteers

Stimulator cells

Responder cells

allo* auto
K.O 3176 = 893 79+18
HY 4587 +1406 11259
YM 4398+ 771 192+17

All results are presented as the mean = SD cpm of thy-
midine uptake.
* allo: PBL form T.O or K.S.

Table 2. MLR of a renal transplant recipient

Stimulator cells thymidine uptake (cpm)

donor (mother) 798+ 753
father 9663 +6029
third party 19987 3470

All results are presented as the mean = SD cpm of thy-
midine uptake.

showed a low response only to PBL from the do-
nor.

2. MLL.C measured by RT-PCR

MLC was performed between PBL from three
healthy adult volunteers and a renal transplant
recipient who showed donor specific hyporespon-
siveness during conventional MLR as responder
cells and allo- or auto-PBL as stimulator cells.
Each set of cells was harvested at 24 h intervals
from the beginning of the experiment, up to 72 h,
mRNA was extracted and the expression of IL-2

mRNA was evaluated by RT-PCR. The expression

of IL-2 mRNA by PBL from K.O in response to
the stimulation with PBL from K.S was observed
from 24 h to 48 h and almost disappeared at 72
h (Fig. 1-a). Expression of IL-2 mRNA by PBL
from H.Y in response to PBL from T.O was seen
at 24 h and disappeared after 48 h (Fig. 1-b).
PBL from Y.M expressed IL-2 mRNA from 24 h
to 48 h but not at 72 h after the stimulation with
PBL from T.O (Fig. 1-c). When assessed by RT-
PCR, PBL from the renal transplant recipient
showed almost the same IL-2 mRNA expression
pattern after the stimulation with PBL from non-
related third party as was observed in RT-PCR
between PBL from healthy volunteers. However,
when stimulated by PBL from the donor, PBL
from the transplant recipient expressed a little
IL-2 mRNA only at 72 h. Furthermore, after the
stimulation with the PBL obtained from his fa-
ther, the PBL from the renal transplant recipient
showed a pattern of IL-2 mRNA expression be-
tween that observed after the stimulation with
PBL from the donor and the third party (Fig. 2).
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Kinetic study of IL-2 mRNA after MLC was per-

formed by RT-PCR in three cell combinations using

PBL from five healthy volunteers. The upper and

lower bands indicate PCR products of pAW 109 and

IL-2, respectively.

a: Responder to stimulator cell combination was
K.O to K.S. Expression of IL-2 mRNA was ob-
served from 24 h up to 48 h clearly and almost
disappeared at 72 h.

b: Responder to stimulator cell combination was
H.Y to T.O. Expression of IL-2 mRNA was ob-
served at 24 h and disappeared after 48 h.

c: Responder to stimulator cell combination was
Y.M to T.O. Expression of IL-2 mRNA was ob-
served from 24 h to 48 h but not at 72 h.
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Fig. 2. MLC measured by RT-PCR

Kinetic study of IL-2 mRNA after MLC was per-
formed by RT-PCR using PBL from a renal trans-
plant recipient who exhibited donor specific MLR
hyporesponsiveness. The upper and lower bands in-
dicate PCR products of pAW 109 and IL-2, respec-
tively. IL-2 mRNA also reached its maximum before
48 h in response to PBL from non-related third
party. In response to PBL from donor, however,
little expression of IL-2 mRNA was observed only
at 72 h.

DISCUSSION

A conventional 6 days MLR was initially per-
formed to examine the proliferative activity of
lymphocytes. Three cell combinations were set
using PBL from five healthy volunteers. PBL
from these volunteers revealed a normal response
to PBL from the other volunteers. PBL from a
renal transplant recipient with a well functioning
kidney also revealed a normal response to PBL
from a non-related third party, but hyporespon-
siveness specific to PBL from the donor.

A kinetic study of IL-2 mRNA was then per-
formed using RT-PCR after MLC in the same cell
combinations as in MLR.

The expression of IL-2 mRNA in PBL from vari-
ous volunteers in response to the stimulation
with irradiated PBL from other volunteers was
observed 24—48 h after the beginning of ML.C and
disappeared at 72 h. In this experiment, the ex-
pression of IL-2 mRNA was not observed in auto-
logous responder-stimulator cell combinations.
These data suggest that the expression of IL-2
mRNA after ML.C as measured by RT-PCR can be
used to estimate the proliferative activity of lym-
phocytes stimulated by allo-antigens, and that
the expression of IL-2 mRNA after stimulation
with allo-antigens occurs between 24 and 48 h
after the stimulation. Yamamoto et al studied the
kinetics of IL-2 mRNA expressed in lymphocytes
after the stimulation by PHA using dot hybrid-
ization!®. They concluded that the peak IL-2
mRNA expression occurred 12 h after PHA stim-
ulation and that the high expression level contin-

ued up to 48 h. The different kinetics for IL-2
mRNA expression in the current study and that
of Yamamoto et al might be explained by the dif-
ferent stimulators, PHA and irradiated allo-lym-
phocytes used in the experiments.

RT-PCR is generally considered to be a less reli-
able method for quantitative analysis. In this
study, however, the author devised some points to
increase the reliability of RT-PCR for quantifying
IL-2 mRNA. First, the sample RNA was treated
with RQ1 DNAse, which digested DNA in a ran-
dom manner and removed any contaminating
DNA. Second, the PCR machine used in this
study was equipped with three oil baths. This
system has been reported to provide excellent
quantification of PCR products because the tem-
perature of the samples subjected to PCR can be
changed instantly by dipping them automatically
in each temperature-controlled bath®). Third, the
peak time of expression of IL-2 mRNA in PBL
was easily detectable because it declines rapidly
after 48-72 h of stimulation!®,

In clinical renal transplantation therapy, it is
well known that some recipients with well func-
tioning kidneys exhibit donor specific immunolog-
ical unresponsiveness. Clonal deletion®, the
presence of anti-idiotypic antibody®, donor specif-
ic anergy and donor specific suppressor cells!®
have been considered to be responsible for this
phenomenon. We have previously reported that
specific suppression of IL-2 synthesis in response
to donor cells was one of the causes of this phe-
nomenon”. In the present study, the process of
IL-2 synthesis at the mRNA level in PBL from a
renal transplant recipient who exhibited donor
specific MLR hyporesponsiveness at the mRNA
level was examined using RT-PCR. PBL from the
renal transplant recipient showed almost the
same pattern of IL-2 mRNA expression in re-
sponse to the stimulation with PBL from a non-
related third party as was observed in the MLC
between PBL from healthy volunteers. In these
cases, expression of IL-2 mRNA was detectable at
24 h. It reached its peak at 48 h and disappeared
at 72 h. However, after stimulation of PBL from
the donor, the recipient’s mother, no expression of
1L-2 mRNA was observed before 48 h and slight
expression only was observed at 72 h. When
stimulated by PBL from recipient’s father, the ex-
pression pattern of IL-2 mRNA in PBL from the
recipient was between those observed after the
stimulation with PBL from the donor and the
third party. These data indicate that PBL from
the renal transplant recipient failed to express
IL-2 mRNA in response to stimulation with PBL
from the donor and showed donor specific MLR
hyporesponsiveness by a consequent lack of IL-2
synthesis during the initial stage of the MLC.

In conclusion, this study showed, for the first
time, that the reactivity of PBL to allo-antigens,
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including that from a renal transplant recipient
who exhibited donor specific MLR hyporespon-
siveness, could be investigated for the detection
of the mRNA expression of IL-2 using RT-PCR,
which is a key cytokine in the proliferation of
Ilymphocytes. I want to end by emphasizing that
this method can be applied to other general ex-
aminations that require analysis of proliferative
activity of PBL.
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