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Sequential gene expression of two type 1 cytokines (interleukin 2 [IL-2] and gamma interferon), one type 2
cytokine (IL-10), two monokines (IL-6 and tumor necrosis factor alpha), and one cytokine receptor (IL-2
receptor [IL-2R]) in normal human peripheral blood mononuclear cells (PBMC) following in vitro stimulation
was investigated by reverse transcription-PCR methods. Two stimuli were utilized: phytohemagglutinin (PHA),
which acts on the CD2 molecule and T-cell receptors, and anti-CD3 monoclonal antibody, which acts on the
CD3 molecule and on T-cell receptors. Increased expression of all studied genes occurred between 1 and 4
hours after stimulation, except for that of the gene encoding IL-10, which was delayed. Expression of all but
one of the genes was transient, with a maximal mRNA accumulation at about 8 h on average. IL-2R mRNA
expression was an exception, showing a prolonged increase (72 h). The general profiles of expression of the five
cytokine genes were similar but not identical, suggesting some shared regulatory mechanisms. When responses
to four additional stimuli (pokeweed mitogen, Candida albicans, and IL-2 at high and low doses) were
compared, similar profiles of cytokine gene expression were found. Thus, the various stimuli caused induction
of all cytokines with quantitative, not qualitative, differences. Altogether, the present data are useful for
defining the kinetics of gene expression for key cytokines in response to standard immune-cell stimuli.

T-cell activation can be initiated by diverse agents such as
antigens, plant mitogens, cytokines, and monoclonal antibod-
ies (29, 30, 42). These stimuli cause complex series of ordered
interactions and events, including activation of transmembrane
signaling pathways, cytokine gene expression, transcription,
and translation. Upon stimulation, properties like stability and
rate of synthesis of existing RNA and proteins are altered, and
synthesis of new RNA and proteins is initiated. The outcomes
of the activation process are T-cell proliferation and differen-
tiation and cytokine production.

Cytokines are important mediators in the regulation of the
immune response. The kinetics of gene expression and the
production of several cytokines following stimulation have
been studied (3, 11, 14, 16, 26, 41, 42). Most data available
concern the expression of and the relationship between inter-
leukin 2 (IL-2), IL-2 receptor (IL-2R), and gamma interferon
(IFN-g) (13, 14, 18–20, 26). The production of cytokines
and/or cytokine receptors in stimulated T cells might be regu-
lated either by common mechanisms or by independent path-
ways. Conflicting data exist in the literature in support of both
options. Such disparate data might be due to the fact that the
different stimuli used resulted in different patterns of cytokine
and/or cytokine receptor mRNA production. Furthermore, the
temporal relationship of the expression of different cytokine
genes after stimulation with a variety of stimuli has not been
well established.

In previous reports, cytokine mRNA expression in stimu-
lated peripheral blood mononuclear cells (PBMC) has been
studied by using Northern blots or nuclear transcription assays
that are now recognized as moderately sensitive. Since most

cytokine genes are expressed transiently and at low levels, in
our present study we used reverse transcription (RT)-PCR,
which provides the most sensitive method for quantitation of
mRNA. In our study, cytokine gene expression for two Th1
cytokines (IL-2 and IFN-g), one Th2 cytokine (IL-10), two
monokines (IL-6 and tumor necrosis factor alpha [TNF-a]),
and one cytokine receptor (IL-2R) were compared. Since dif-
ferent stimuli act on different cell types and via different re-
ceptors, two stimuli were studied in detail—phytohemaggluti-
nin (PHA), which acts on the CD2 molecule and T-cell
receptors, and anti-CD3 monoclonal antibody, which acts on
the CD3 molecule and on T-cell receptors. Additional stimuli,
including another mitogen, a microbial antigen, and the cyto-
kine IL-2, were also evaluated. The kinetics of response were
determined by sequential testing of cytokine gene expression.

MATERIALS AND METHODS

Preparation of PBMC. Fresh blood was obtained from healthy adult volun-
teers under a protocol approved by the Human Subject Protection Committee of
UCLA School of Medicine. After Lymphoprep (Nyegaard and Co., Oslo, Nor-
way) density gradient centrifugation, interface mononuclear cells were collected
and washed three times with Dulbecco’s phosphate-buffered saline (Gibco,
Grand Island, N.Y.). The PBMC were suspended in RPMI 1640 (Gibco) with
10% human AB serum at 2 3 106 cells/ml in endotoxin-free tubes.

Cell cultures and proliferation assays. Proliferation assays were performed in
12 by 75-mm sterile tubes (Fisher) in triplicate. In general, PBMC at 106 cells/
tube in a total volume of 500 ml of RPMI 1640 supplemented with 10% human
AB serum, 100 U of penicillin per ml, 100 mg of streptomycin per ml, and 0.3 mg
of glutamine per ml were incubated with stimuli in 5% CO2 at 37°C. Stimuli were
added to cultures after 1 h of cell resting. Cultures with 5 mg of PHA (Sigma) per
ml, 200 ng of anti-CD3 antibody (NEN Research Products, Boston, Mass.) per
ml, or pokeweed mitogen (PWM; Gibco) at a 1:500 dilution were incubated for
3 days. Cultures with Candida albicans (Greer Laboratories, Lenoir, N.C.) at 8
mg/ml or recombinant IL-2 (rIL-2; DuPont) at 10 or 1,000 U/ml were incubated
for 6 days. During the last 6 h of the appropriate incubation time, cultures were
pulsed with 1 mCi of [3H]thymidine (ICN, Irvine, Calif.) per tube. Cells were
harvested on glass fiber filters with an automatic harvester (Cambridge Tech-
nology, Watertown, Mass.), and the incorporated radioactivity was measured in
a liquid scintillation counter (Beckman) after the addition of 3 ml of scintillation
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fluid. Proliferation data were expressed as a stimulation index: (counts per
minute of stimulated cells)/(counts per minute of nonstimulated cells).

For time course studies of cytokine and/or cytokine receptor gene expression,
aliquots of PBMC were cultured in the same way as for the proliferation assay
but without pulsing with tritiated thymidine. Cultures were centrifuged after
various stimulation times, and cells were collected. At the end of the culturing
period, no significant changes in cell viability were observed when the cultures
were tested by the trypan blue exclusion method.

RNA isolation and cytokine and/or cytokine receptor mRNA quantitation in
cultured cells. The procedures for RNA isolation and RT-PCR quantitation,
including data on linearity, reproducibility, sensitivity, etc., and an optimal assay
performance were described in detail previously (15). Briefly, for RNA isolation
and reverse transcription, cells were lysed by guanidinium isothiocyanate (4 M)
in sodium citrate (25 mM) buffer, pH 7.0, with 0.5% sarcosyl and 0.1 M b-2-
mercaptoethanol. For RNA isolation, 0.1 volume of 2 M sodium acetate was
added together with 1 volume of water-saturated phenol and 0.2 volume of 49:1
chloroform-isoamyl alcohol. After centrifugation, RNA was extracted in the
aqueous phase and the phenol-chloroform extraction was repeated once more.
The RNA was then precipitated with isopropanol at 220°C for 1 h. After
centrifugation, the pellet was washed with 70% ethanol twice and dissolved in
diethyl pyrocarbonate-treated water containing 20 mmol of RNase inhibitor (9).
Ten nanograms of total RNA was used for each RT-PCR.

cDNA was synthesized from oligo(dT)-primed RNA by incubation at 42°C for
15 min, and then at 99°C for 5 min and a soak at 5°C for 5 min with Moloney
murine leukemia virus reverse transcriptase (GIBCO, Bethesda Research Lab-
oratories) and 1 mM deoxynucleoside triphosphate. For the semiquantitative
PCR, the reaction mixture contained 10 mM Tris-HCl, 2 mM MgCl2, 0.2 mM
deoxynucleoside triphosphate, 0.2 mM 59 and 39 oligonucleotide primers, and 2.5
mmol of AmpliTaq DNA polymerase (Perkin-Elmer Cetus). Trace amounts
(0.01 mM) of [a-32P]dATP were added. Aliquots were then amplified by 35 cycles
(cytokines and cytokine receptor) or 25 cycles (b-actin) of denaturation at 95°C
for 1 min and annealing and extension at 60°C for 1 min. The sequences of the
primers used with cytokine-encoding genes are shown in Table 1.

PCR products were analyzed by electrophoresis on a Tris-borate-EDTA acryl-
amide gel and autoradiographed with a Hyperfilm-HP (Amersham). The radio-
active product bands were cut from the dried gel and quantified by beta scintil-
lation counting, and results were recorded as counts per minute. All of the data
regarding cytokine and cytokine receptor PCR products in a sample were nor-
malized according to the amount of b-actin detected in the same sample. The
size (measured as adenosine content) of the amplicons and the levels of maxi-
mum mRNA production for different cytokines were not correlated. Thus, the
measured radioactivity levels (in counts per minute) generally represented the
cytokine mRNA concentrations without further corrections. For more reliable
comparison, in the time course experiments the quantitation of cytokine and
cytokine receptor mRNA induced by each of the two stimuli used was performed
in one set of experiments.

Statistical analysis. Linear regression analysis was used to evaluate the cor-
relation between the proliferative stimulation index and (i) the time when the
first measurable change in the amount of cytokine or cytokine receptor mRNA
was found, (ii) the time when the maximum amount of mRNA was reached and
(iii) the maximum amount of induced mRNA. The Kendall rank correlation

method was used to assess the correlation between the proliferation stimulation
index and the cytokine or cytokine receptor level.

RESULTS

Cytokine and cytokine receptor mRNA production in un-
stimulated PBMC. Low levels of all cytokine genes were de-
monstrable by the RT-PCR method in PBMC before culturing
(Fig. 1). This production of mRNA could reflect in vivo gene
production or some activation during cell separation. To ex-
amine these possibilities, PBMC from two subjects were cul-
tured for 4, 8, 24, and 72 h without any stimuli added, and
cytokine mRNA production was measured. As shown in Table
2, the level of mRNA encoding all cytokines in PBMC after
resting (i.e., in a culture without added stimuli) was signifi-
cantly lower than the mRNA level immediately after cell sep-
aration (with the exception of IL-2R mRNA from one subject).
Variations between amounts of different cytokine mRNA are
evident, but none of the mRNA amounts declined to zero
(Table 2). Furthermore, within 72 h, none of the cultures of
unstimulated PBMC demonstrated the maximum of cytokine
gene expression at 8 h that we consistently observed for PBMC
stimulated with five different stimuli, including IL-2 at two
doses (one low and one high). Thus, low but detectable mRNA
levels, different for each cytokine and each individual, were
consistently found for all six cytokine mRNAs examined.

Time course of cytokine and cytokine receptor mRNA ex-
pression following stimulation. In order to define and compare
the kinetics of IL-2, IL-2R, IL-6, IL-10, TNF-a, and IFN-g
gene expression following in vitro stimulation, time course
experiments were carried out with PBMC from four healthy
donors. Semiquantitative RT-PCR analyses were used to de-
termine the level of each cytokine mRNA at each time point
for each stimulus. The experimental results (in counts per
minute) from each sample were adjusted for radioisotope de-
cay and by normalizing them to the sample’s b-actin amount.
The time course of changes in mRNA levels for four healthy
donors is presented as a mean percent of the maximal mRNA
level for each cytokine after stimulation with PHA (Fig. 1A).
Stimulation with anti-CD3 monoclonal antibody is shown sep-
arately in Fig. 1B. Four features of the response were evalu-

TABLE 1. Cytokine primers used for PCR

Gene product
(direction of strand) Fragment size (bases) Primer sequence

IL-2 (59) 222 59-GAATGGAATTAATAATTACAAGAATCCC-39
IL-2 (39) 222 59-TGTTTCAGACCCTTTAGTTCAG-39

TNF-a (59) 325 59-CAGAGGGAAGAGTTLCCCAG-39
TNF-a (39) 325 59-CCTTGGTCTGGATAGGAGACG-39

IL-10 (59) 352 59-ATGCCCCAAGCTGAGAACCAAGACCCA-39
IL-10 (39) 352 59-TCTCAAGGGGCTGGGTCAGCTATCCCA-3

IFN-g (59) 520 59-ATGAAATATACAAGTTATAGC-39
IFN-g (39) 520 59-TTACTGGGATGCTCTTCGACCTCGAAACAGCAT-39

IL-6 (39) 190 59-ATGTAGCCGCCCCACACAGA-39
IL-6 (39) 190 59-CATCCATCTTTTTCAGCCAT-39

IL-2R (59) 398 59-GAATTTATCATTTCGTGGTGGGGCA-39
IL-2R (39) 398 59-TCTTCTACTCTTCCTCTGTCTCCG-39

b-Actin (59) 1,126 59-ATGGATGATGATATCGCCGCC-39
b-Actin (39) 1,126 59-CTAGAAGCATTTGCGGTGGACGATGGAGGGGCC-39
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ated: the time of induction, the time and the level of maximal
mRNA accumulation, and the rate of subsidence. The patterns
of mRNA production induced by PHA and by anti-CD3 were
compared as well.

The initial increase is the first measurable response to stim-
ulation and is defined here by the earliest point in time, within

the time frame utilized in this study, that a 25% or greater
increase in levels of specific gene production compared to
levels at time zero was found. Genes encoding IFN-g, TNF-a,
and IL-2 were the earliest induced (within 1 h of incubation),
regardless of the stimuli. The time of induction of IL-6, IL-2R,
and IL-10 mRNA ranged from 1 to 4 h.

Maximum expression was observed for all five cytokine
genes at 8 h (Fig. 1). However, the IL-2R gene was maximally
expressed at 72 h upon stimulation with anti-CD3.

The mean maximal level of mRNA production observed
upon PHA and anti-CD3 stimulation of the six genes studies is
presented in Fig. 2. IL-2 and IFN-g mRNAs show much higher
absolute maximum levels than IL-10, TNF-a, and IL-6 mRNAs
after PHA or anti-CD3 stimulation. When the four individuals
are compared, there are some differences in the times of max-
imum production of specific genes (Table 3), but the general
pattern is similar in most subjects.

The profile of the accumulation of mRNA encoding IL-2R is
different from that of the other genes studied. Within the time
period (72 h) and time intervals examined, IL-2R mRNA,
regardless of the stimulus, demonstrated continued expression

FIG. 1. Time course of cytokine mRNA production and accumulation after
stimulation. PBMC were stimulated with PHA (A) and with anti-CD3 monoclo-
nal antibody (B). Total cellular RNA was isolated at the indicated times after
activation. mRNA encoding IL-2 (}), IL-2R (■), IL-6 (Œ), IL-10 (3), TNF-a
(*), and IFN-g (F) was measured by the semiquantitative RT-PCR method.
Data for samples from four healthy donors are presented as mean proportions of
the maximal amounts of each specific mRNA.

FIG. 2. Patterns of maximal cytokine mRNA production after stimulation.
The mean (standard error) values of the maximum levels of each category of
mRNA are presented for samples from four donors after stimulation with PHA
(open bars) and anti-CD3 monoclonal antibody (filled bars).

TABLE 2. Cytokine mRNA levels in unstimulated PBMC

mRNA

mRNA level in PBMC from subjecta

DC-A DC-B

Immediately after
cell separation

After
restingb

Immediately after
cell separation

After
restingb

IL-2 14.6 5.7 0.4 0.1
IL-2R 13.5 18.9 3.3 2.7
IL-6 26.0 21.8 30.0 13.2
IL-10 4.9 3.0 2.0 0.8
TNF-a 25.7 13.2 3.2 2.9
IFN-g 23.3 7.7 5.0 0.3

a Percentage of the maximum mRNA expression upon stimulation with PHA
shown in Fig. 1.

b Minimum mRNA levels in unstimulated PBMC found within 4 to 72 h of
culture.

TABLE 3. Maximum level of induced cytokine mRNA and time of
maximal response

Stimulus
and subject

mRNA ratioa

IL-2 IL-2R IL-6 IL-10 TNF-a IFN-g

PHA
DC-1 29 (8) 51 (72) 15 (24) 2 (8) 34 (8) 78 (8)
DC-2 3 (8) 18 (8) 115 (8) 7 (8) 52 (8) 22 (24)
DC-A 7 (4) 7 (4) 4 (4) 21 (4) 4 (8) 4 (4)
DC-B 265 (8) 30 (8) 3 (8) 49 (8) 31 (8) 20 (8)

Anti-CD3
DC-1 12 (8) 54 (72) 5 (8) 3 (8) 19 (8) 91 (8)
DC-2 3 (4) 12 (72) 69 (8) 15 (8) 50 (8) 20 (24)
DC-A 10 (4) 6 (72) 3 (8) 43 (8) 6 (4) 6 (4)
DC-B 277 (4) 13 (72) 3 (4) 58 (8) 11 (8) 41 (8)

a In samples from four healthy donors, the ratio of the maximum amount of
mRNA (in counts per minute) upon stimulation with PHA or anti-CD3 to the
amount of mRNA (in counts per minute) in unstimulated cells was determined.
The time (in hours) after stimulation when the maximum level of mRNA was
reached is indicated in parentheses.
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rather than transient expression (Fig. 1). After anti-CD3 stim-
ulation, three of four subjects showed continuous increases in
IL-2R mRNA levels and maximum IL-2R mRNA levels at
72 h. Cultures from all four subjects after PHA stimulation and
one of four subjects after anti-CD3 clearly demonstrated a
decrease in IL-2R mRNA levels at 24 h, followed by an in-
crease to the maximum level at 72 h (data not shown). As it has
been reported that IL-2 can regulate the expression of its own
receptor, such prolonged and “double peak” production of
IL-2R mRNA could be a result of induction by IL-2 during the
preceding 24-h period of PHA or anti-CD3 stimulation.

PBMC from two donors were used for pilot characterization
of cytokine genes’ responses to additional stimuli. A microbial
antigen (C. albicans), a T-cell and B-cell stimulus (PWM) and
IL-2 at high (1,000-U/ml) and low (10-U/ml) doses were used
in addition to PHA and anti-CD3. A measurable increase in
the expression of all six genes examined was induced by each of
the six stimuli except C. albicans which was not able to induce
detectable IL-10 mRNA production (data not shown). The
peak responses were observed at 8 h, and the kinetic patterns
for the four additional stimuli were generally parallel to the
patterns of responses to PHA and anti-CD3.

Relationship between cytokine and/or cytokine receptor
mRNA expression and cell proliferation. Lymphocyte prolif-
eration is an important aspect of the cellular immune response.
In parallel experiments, cell proliferation and induction of
maximal levels of mRNA encoding IL-2, IL-2R, IFN-g, IL-10,
TNF-a and IL-6 with each of the six stimuli were measured.
Proliferative stimulation indices were 139.1 (PHA), 13.3 (anti-
CD3), 33.4 (PWM), 1.3 (C. albicans), 23.0 (rIL-2, 1,000 U/ml),
and 3.3 (rIL-2, 10 U/ml). The maximum levels of IL-2 and
TNF-a mRNA correlated significantly with levels of cell pro-
liferation (Table 4). However, by linear regression analysis, no
significant correlation was found between the proliferative
stimulation index and the time of cytokine induction. PHA had
a 10-fold-higher stimulation index than anti-CD3. This effect of
PHA was associated with higher expression of IL-10 mRNA
(Table 3) in all samples, which may have contributed to the
reduced proliferative response to anti-CD3.

DISCUSSION

The coordinated production of cytokines following lympho-
cyte activation controls proliferation, differentiation, and func-
tion of cells and is crucial for regulation of the immune re-
sponse (16). Detailed knowledge of these processes in normal
lymphocytes provides a basis for discerning abnormalities in
T-cell activation and functions of lymphocytes in disease. In-
deed, the normal baseline resting levels of cytokine gene pro-
duction are only now being defined. Several investigators have

reported that unstimulated cells do not express cytokine
mRNA (8, 23, 26). In those studies, Northern blot analyses
were used. In contrast, in our present study with the highly
sensitive RT-PCR method, we observed that unstimulated and
resting PBMC from normal individuals express low levels of all
six cytokine mRNAs. Our findings are consistent with obser-
vations for IFN-g mRNA production in unstimulated spleen
cells (24) and IL-2 and IFN-g mRNA production in rat T-cell
clones that had rested (45). In humans, spontaneous produc-
tion of IL-6 and IL-2R mRNA in T cells (19, 22) and of IL-2R
mRNA in monocytes (36) has been reported as well. Our
results (Table 2) are compatible with the suggestion (19, 22, 24,
36, 45) that low mRNA production is caused by low constitu-
tive expression of these genes in unstimulated PBMC that have
rested. However, there may be some activation during cell
separation.

We have examined the kinetics and sequence of the produc-
tion of five cytokine genes upon PBMC stimulation in vitro.
Our data are generally compatible with results of previous
reports regarding IL-2, IL-2R, and IFN-g (13, 14, 42). We
expanded on prior studies by including TNF-a, IL-6, and IL-10
genes. By using the highly sensitive RT-PCR method, we found
that gene induction occurs earlier than in previous studies. All
genes studied showed increases within 1 to 4 h after stimula-
tion. Thus, they all belong to the early gene group (41), al-
though IFN-g, IL-2, and TNF-a genes were the earliest to be
expressed (within 1 h), and IL-2R, IL-6, and IL-10 genes were
expressed later.

Maximal production of mRNA encoding IL-2, IL-6, IL-10,
TNF-a, and IFN-g occurred at nearly the same time (an aver-
age of 8 h) after PHA or anti-CD3 stimulation for all cytokine
groups. Maximal PHA-stimulated IL-2R mRNA production
occurred at 8 h, but production continued at an elevated level
for 72 h. Stimulation with anti-CD3 induced a continuous
increase in mRNA levels during the 72 h period examined.
These findings differ from the reported early IL-2R induction
that preceded IFN-g and IL-2 mRNA production (26). This is
most likely due to differences in stimuli used—PHA plus phor-
bol myristate acetate (26) versus PHA and anti-CD3 used
alone here. Several reports have implicated IL-2 in expression
of IL-2R and IFN-g genes (2, 12, 25, 38, 43), as well as in the
induction of IFN-g production (7, 21, 35, 40). Our results for
the time of induction and the time and level of maximal accu-
mulation of mRNA encoding IL-2, IL-2R, and IFN-g (Table 3)
do not indicate these relationships. Our data are instead com-
patible with the data of Krönke et al. (26), who have demon-
strated that the presence of IL-2 is not required for transcrip-
tional activation of IL-2R and IFN-g genes in fully stimulated
cells. However, our data do not exclude an IL-2 mediated
augmentation of IL-2R and IFN-g gene expression in subop-
timally stimulated cells (26) or a synergy between mitogen and
low doses of IL-2 affecting IFN-g gene expression during the
early phases of a cellular immune response (2).

Our data indicate that the maximum level of production of
different genes may vary when different stimuli are used (Fig.
2). Differences in these parameters were also noted when
PWM was used as the stimulus (39). With PHA or anti-CD3
stimulation, amounts of mRNA encoding IL-2 and IFN-g were
much higher than those of mRNA encoding IL-6, IL-10, or
TNF-a. This indicates that these two stimuli act primarily on T
cells, which make up the bulk of normal PBMC, and have
much less of an effect on monocytes, the major producers of
IL-6, TNF-a, and IL-10.

Generally, the profile of cytokine gene expression depends
at least partly on cell surface receptor binding of a ligand and
activation of intracellular signaling pathways (16). Different

TABLE 4. Correlation between lymphocyte proliferation and
cytokine gene expression

mRNA Proliferative
stimulation index P valuea

IL-2 0.73 0.028
IL-2R 0.26 0.298
IL-6 0.60 0.068
IL-10 20.07 0.500
TNF-a 0.73 0.028
IFN-g 20.07 0.500

a Data represent Kendall’s coefficient of rank correlation between proliferative
stimulation index and maximal value of cytokine gene expression upon stimula-
tion.
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stimuli can activate T cells in several ways: by antigen binding
to the T-cell receptor–CD3 complex in association with major
histocompatibility complexes (42), by modulation of other sur-
face molecules such as CD2 and CD4 (4), and by bypassing the
surface receptor signaling and directly activating protein ki-
nase C and intracellular pathways (33). Signals from separate
cell surface receptors are integrated at the level of the respon-
sive gene (11). Previous data for T-cell lines, T-cell clones, and
PBMC indicate that cells have the capacity to produce many
cytokines, and our data supports the idea that the way cells are
activated can alter the quantitative aspects of cytokine gene
expression and protein secretion (18, 19, 45).

In our present study, some variations between individuals in
the time course of cytokine mRNA production were observed.
Diversity between individuals in immune-cell functional prop-
erties like proliferative, cytotoxic, and cytokine responses is
well documented. Usually, such diversity within populations is
presented as a reference range and is often quite broad. It
should be taken into consideration when results are analyzed
and interpreted. In this regard, individual variations observed
in our study group do not justify the suggested classification of
patterns of cytokine gene expression into type 1 (IL-2), which
demonstrates rapid appearance and early maximal accumula-
tion of mRNA, and type 2 (IFN-g and TNF-a), which demon-
strates prolonged gene production and a late peak time, a
generalization based on data from a single donor (23).

Production of multiple cytokines in stimulated T-cell popu-
lations might be regulated either by a common mechanism or
by independent pathways. Conflicting data in the literature
support both options. Data indicating that various stimulations
lead to the synthesis of both IL-2 and IFN-g mRNA (13, 14,
20) support the option of common mechanisms. This option is
additionally supported by sequence data which show that IL-2
and IFN-g genes have sequence homology at their 59 end (17,
31). Our present data are compatible with this interpretation
and extend them by including TNF-a, IL-6, and IL-10 mRNA,
as our time course curves for the five cytokines are essentially
parallel (Fig. 1). Data in support of diverse modes of regula-
tion by independent pathways have included quantitative dif-
ferences among IFN-g, IL-2, and IL-2R produced by PBMC
stimulated by anti-CD3 or by PHA (18, 19). We also observed
quantitative differences in expression of genes for these cyto-
kines and those for IL-6, IL-10, and TNF-a using the RT-PCR
method. Each of the five stimuli were able to induce expression
of the six genes studied (with one exception—C. albicans did
not induce a detectable IL-10 response). Our observations
therefore suggest mechanisms whereby cytokines are regulated
independently but their transcriptions are induced simulta-
neously.

Several specifics should be considered when data from dif-
ferent studies are compared. PBMC populations are mixed
populations of cells. Various stimuli may cause preferential
stimulation of T cells or monocytes in PBMC. Quantitative
differences in gene expression in CD41 and CD81 T-cell sub-
sets have also been observed (6, 27), as has the interaction
between T-cell subsets which influence IL-2 and IFN-g gene
expression (1). Furthermore, three types of helper T-cell
clones are recognized, according to the pattern of lymphokine
production (3, 11, 32). Th1 cells but not Th2 cells produce IL-2
and IFN-g. In contrast, Th2 cells but not Th1 cells produce
IL-4. In addition, a Th0 cell subset that produces almost all
cytokines has been described (32). In humans, the majority of
CD41 T-cell clones obtained from healthy donors produce
IFN-g, IL-2, and IL-4 upon stimulation with various mitogens
(34). In addition, besides regulation at the transcriptional level,
a posttranscriptional regulation that controls the stability of

mRNA also exists and is considered important (28, 44). This
may depend on the mode of stimulation, and the IL-2 mRNA
degradation rate can vary, in contrast to IL-2R mRNA which
remains stable (5). IL-2R mRNA stability may contribute to
the prolonged presence of IL-2R mRNA seen in our studies.
In spite of this complexity, our data should be useful as a basis
for defining the change in cytokine gene expression in PBMC
responding to commonly used stimuli in normal and disease
states.
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