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Abstract

IFN-g mRNA expression was evaluated in nonstimulated peripheral
blood mononuclear cells (PBMC) of HIV-infected and seronegative
individuals using quantitative competitive and semiquantitative RT-
PCR and the sensitivity of these methods was compared. A significant
correlation was found between quantitative competitive and semi-
quantitative RT-PCR in samples of both HIV-seronegative (P = 0.004)
and HIV-infected individuals (P = 0.0004). PBMC from HIV-infected
individuals presented a remarkable increase of IFN-g mRNA expres-
sion, as determined by both types of RT-PCR methods. Semiquantita-
tive RT-PCR even without an internal standard is also acceptable for
measuring cytokine mRNA expression, but less reliable if small
amounts are quantified. Moreover, we found that increased IFN-g
mRNA expression is independent of CD4+ cell count in AIDS-free
HIV-infected patients.
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Cytokines are important regulators of
immune responses. It has been suggested
that a change in cytokine production occurs
in HIV infection (1,2). Most of these studies
measured cytokine levels after stimulation of
peripheral blood mononuclear cells (PBMC)
in vitro due to the low concentration of cyto-
kines under nonstimulated conditions (3). In
contrast, determination of cytokine mRNA
expression in nonstimulated PBMC would
provide information about alterations in the
cytokine network as a direct consequence of
HIV (2-9).

IFN-g has an important role in the course
of HIV infection (1-9), although its signifi-

cance is not well understood. Both defi-
ciency (1,2) and overproduction (4-9) of IFN-
g have been reported in different studies.

Exact amounts of expressed cytokines
can be quantified by means of highly sensi-
tive methods. In the present study we deter-
mined IFN-g:ß-actin mRNA ratios by quanti-
tative competitive reverse transcriptase poly-
merase chain reaction (QC RT-PCR) in non-
stimulated PBMC from HIV-infected patients
and healthy controls. The results were com-
pared to those obtained by semiquantitative
RT-PCR (SQ RT-PCR).

Twenty-five HIV-seropositive patients
were selected at the HIV outpatient clinic of

Brazilian Journal of Medical and Biological Research (2001) 34: 1271-1275
ISSN 0100-879X Short Communication



1272

Braz J Med Biol Res 34(10) 2001

É. Barabás et al.

the National Institute of Dermato-Venereol-
ogy, Budapest, Hungary. Six subjects with a
CD4+ cell count <200/µl (HIV <200), 12
patients with a CD4+ cell count 300-400/µl
(HIV = 300), and 7 subjects with a CD4+ cell
count >500/µl (HIV >500) were included.
Clinical examination showed no evidence of
malignancies or rapid progression of the dis-
ease. None of them received antiretroviral
therapy. Eleven HIV-seronegative healthy
volunteers served as controls.

PBMC were separated from blood by
Ficoll (Amersham Pharmacia Biotech, Upp-
sala, Sweden) density gradient centrifuga-
tion. Cells were suspended in cell membrane
lysing solution (guanidine isothiocyanate-ß-
mercaptoethanol, Sigma, St. Louis, MO,
USA). Total cellular RNA was purified (10).
RT of RNA was performed according to the
Perkin-Elmer protocol (Perkin-Elmer, Branch-
burg, NJ, USA). A thermocycler (PDR-91,
BLS) was used for RT reaction (20 min at
42ºC, then 10 min at 99ºC). Two RT samples
from each PBMC extract were used for RT-
PCR methods.

Semiquantitative reverse RT-PCR. cDNA
equivalent to 500 ng total RNA was ampli-
fied. PCR was performed in a final volume
of 50 µl containing 10 µl RT transcript, 2 µl
MgCl2 (25 mM), 4 µl 10-fold buffer II (500
mM KCl, 100 mM Tris-HCl, pH 8.3), 15 pM
of each primer, and 0.25 µl Taq polymerase
(5 U/µl, Perkin-Elmer). The following prim-
ers were used: ß-actin sense, 5' GTGGGG
CGCCCCAGGCACCA 3'; antisense, 5'
CTCCTTAATGTCACGCACGATTTC 3';
IFN-g sense, 5' AGTTATATCTTGGCTTT
TCA 3'; antisense, 5' ACCGAATAATTA
GTCAGCTT 3' (Promega, Madison, WI,
USA). Samples were amplified using differ-
ent cycle numbers: ß-actin, 25 cycles (an-
nealing at 65ºC) and IFN-g, 30 cycles (an-
nealing at 52ºC) each. PCR products (18 µl)
were electrophoresed on 2.5% agarose gel
and visualized under ultraviolet light after
ethidium bromide staining. Fragment sizes
were 540 bp for ß-actin and 356 bp for IFN-g.

mRNA expression of ß-actin and IFN-g was
determined with a video-densitometry sys-
tem (Eagleeye II, Amersham). Subsequently
the IFN-g:ß-actin ratio (mRNAs were de-
tected in the same RT sample) in densitomet-
ric units was calculated in the analytical
process (2-4,6,8).

Quantitative competitive RT-PCR. cDNA
equivalent to 400 ng total RNA was quanti-
fied by coamplification with nonhomologous
internal standard fragments. Internal stan-
dard fragments for ß-actin and IFN-g were
prepared as previously described (11). A
composite primer was used for the first
reamplification step. 5' CTCCTTAATGTCA
CGCACGATTTCCGTAGATGGGCACA
GTGTGG 3' (annealing 60ºC) was used for
ß-actin and 5' ACCGAATAATTAGTCAGC
TTGAGAACAATTTGGCTCTGC 3' (an-
nealing 48ºC) (Promega) was used for IFN-
g. Fragment size of the internal standards
was 397 bp for ß-actin and 227 bp for IFN-g.
Concentrations of internal standard stock
solutions were determined by absorbance
measurement at 260 nm. Molar concentra-
tions (mol/l = M) of stock solutions were
10-7 M for ß-actin and 10-8 M for IFN-g.
Competitor stocks were diluted on a 0.5-log
scale. PCR was performed in a final volume
of 50 µl containing 8 µl RT transcript and 1
µl diluted internal standard. Thirty cycles
were used for ß-actin and 35 for IFN-g. PCR
products were amplified and detected as de-
scribed in the previous section. The IFN-g:
ß-actin ratio (M/M) was used for the subse-
quent analysis.

Data were analyzed using the Statistica
for Windows 5.1 software (12). Compari-
sons between groups were made by the Mann-
Whitney U-test. Comparisons between QC
RT-PCR and SQ RT-PCR results were per-
formed by Pearson product-moment correla-
tion and by Spearman rank correlation. Sig-
nificance was defined as P<0.05.

IFN-g mRNA expression determined by
the IFN-g :ß-actin ratio showed a definite
increase in both QC RT-PCR and SQ RT-PCR
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reactions. Quantitative competitive IFN-g:
ß-actin mRNA ratios (M/M) were signifi-
cantly higher in all HIV-infected groups than
in the HIV-seronegative group. There was
no difference among HIV-positive groups
with different CD4+ cell counts. Most IFN-g:
ß-actin mRNA ratios were below 10-4 (M/M)
among seronegative individuals, while they
were above 10-4 (M/M) among HIV-infected
patients (Figure 1A).

Semiquantitative analysis showed signifi-
cantly increased IFN-g:ß-actin values in HIV
<200 and HIV >500 patients compared to
the seronegative group. The IFN-g:ß-actin
ratio was higher in the HIV = 300 group than
in the control group, but this difference was
not statistically significant. There was no
difference in IFN-g:ß-actin values among

the HIV-positive groups (Figure 1B).
A correlation between QC RT-PCR and

SQ RT-PCR ratios could be found in both
the HIV-negative (Figure 1C) and HIV-posi-
tive groups (Figure 1D).

Longitudinal study of six representative
individuals showed that the QC RT-PCR
IFN-g:ß-actin ratio was below 10-4 (M/M)
regarding HIV-negative  individuals (Figure
2A-C) and above 10-4 (M/M) regarding HIV-
positive patients (Figure 2D-F) at most time
points. Variation of IFN-g levels was rather
high in HIV-positive patients. QC RT-PCR
and SQ RT-PCR showed a similar tendency
in all longitudinal studies.

QC RT-PCR was shown to be more sen-
sitive than SQ RT-PCR. Based on our find-
ings, the QC RT-PCR system identified

Figure 1. Elevated interferon-g mRNA levels in AIDS-free HIV-infected individuals. A, IFN-g :ß-actin mRNA ratios (ratio of molar concentrations = M/M)
in HIV-seronegative (healthy controls, HC) and HIV-infected patients by quantitative competitive RT-PCR. B, IFN-g :ß-actin mRNA ratios (ratio in
densitometric units = RDU) for HC and HIV-infected patients evaluated by semiquantitative RT-PCR. HIV-seropositive patients are divided into three
groups based on CD4+ cell counts. The Mann-Whitney U-test was used for group comparisons. Significant differences between HIV-infected and HC
groups are indicated. Correlation between quantitative competitive RT-PCR and semiquantitative RT-PCR IFN-g :ß-actin mRNA ratios for HC samples (C)
and HIV-infected samples (D). Pearson product-moment (*) and Spearman rank (**) correlations were used for the calculations (C,D). Each individual is
indicated as a single point (A-D).
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IFN-g expression in HIV-infected samples
(4-9), others in HIV-negative samples (1,2),
and still others could not find any differ-
ences (3). We found significantly elevated
IFN-g expression in AIDS-free HIV-posi-
tive patients by a less sensitive as well as a
highly sensitive RT-PCR method. Independ-
ently of the duration of HIV infection and
total CD4+ cell count, a marked increase of
IFN-g mRNA expression could be observed
by both methods.

Recently, it was reported that the major
source of IFN-g in both HIV-seronegative
and HIV-infected individuals is represented
by CD8+ T cells (7,9). Our results support
the idea that permanent presentation of HIV-
1 antigens causes a strong CD8+ response in
the asymptomatic phase, which also mani-
fests as a permanent IFN-g activity. IFN-g
has a role in the activation of some antiviral
killing mechanisms. However, there are other

smaller differences between samples than
the SQ RT-PCR method. Correlation analy-
sis revealed weaker significance between
QC RT-PCR and SQ RT-PCR results in
healthy control than in HIV-positive samples,
indicating that SQ RT-PCR was less reliable
for smaller amounts of IFN-g.

Correlation between results obtained by
RT-PCR methods with different sensitivity
showed that SQ RT-PCR, even without an
internal standard, is also a reliable method
for quantifying cytokine mRNA activity.
Measuring a sample of large size is simple
and fast. Using only SQ RT-PCR to measure
cytokines, which are expressed at low levels,
however, requires caution since the reliabil-
ity of this method is lower when small
amounts of mRNA are quantified.

Results of earlier studies on IFN-g ex-
pression measured by RT-PCR were contro-
versial. Some studies reported a stronger

Figure 2. Longitudinal study of the IFN-g :ß-actin mRNA ratio evaluated by quantitative competitive RT-PCR (ratio of molar concentrations = M/M)
(lozenges) and semiquantitative RT-PCR (ratio of densitometric units = RDU) (squares): A-C, three HIV-seronegative individuals; D-F, three HIV-infected
patients.
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deficiencies in the immune system which
can counteract the effective antiviral activ-
ity. It may be suggested that IFN-g mRNA
activity in the AIDS-free phase may be cor-
related with the activation of the immune
system, which contributes to virus replica-
tion and spread in the human body (7).
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