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Abstract
Tuberculosis (TB) is the worldwide leading cause of death among HIV-infected individuals,
accounting for more than half of AIDS-related deaths. A high risk of tuberculosis (TB) has been
shown in early stages of the HIV disease, even in the presence of normal CD4+ cell counts.
Moreover, the factors that determine protective immunity vs. susceptibility to M. tuberculosis
cannot be fully explained by simple changes in IFNγ levels or a shift from Th1 to Th2 cytokines.
This work investigated the relationship between cytokine expression profiles in peripheral blood
mononuclear cells (PBMC) and susceptibility to M. tuberculosis in ten HIV+ women who went on
to develop TB. RNA transcripts for IL-4, IL-4δ2, IL-10, IL-12(p35), IL-13, IL-17A, IFNγ and
TNFα were measured by real-time quantitative PCR in unstimulated or TB peptide antigen-
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stimulated PBMCs from ten HIV+ women with positive tuberculin skin tests (TST) and compared
with HIV-seropositive and seronegative women without previous TB and negative TST.
Stimulated PBMC cultures showed significantly lower expression of IL-12p35 (p=0.004) and
IL-10 (p=0.026) in the HIV+TB+ group six to twelve months before onset of TB compared to
HIV+TB− women. Unstimulated PBMC from HIV+TB+ women also had lower expression of
Th2 cytokines [IL-4 (p=0.056) and IL-13 (p=0.050)] compared to HIV+TB− women. These
results suggest that lower IL-12 production by PBMC in response to TB antigens and lower levels
of both Th1 and Th2 cytokines by PBMC correlate with future development of TB in HIV-
infected women and may be responsible for their increased susceptibility.
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1. INTRODUCTION
Tuberculosis (TB) is the worldwide leading cause of death among HIV-infected individuals
[1,2], in fact, it is estimated that TB is the cause of as many half of AIDS-related deaths [3].
In the absence of anti-retroviral therapy, HIV-infected individuals with latent tuberculosis
infection have 5–10% annual risk of TB in contrast to 10% during the life-time in HIV
negative individuals [4,5]. A high risk of TB has been shown in early stages of the HIV
disease, even in the presence of normal CD4+ cell counts [6,7]. The factors contributing to
this increased risk are not clear, but may include a compromised response by CD4+ T cells,
defective innate immunity and/or other elements of the host response against M. tuberculosis
[8,9]. Because of the increased susceptibility to TB in infected individuals, HIV infection is
a unique model to investigate factors and mechanisms facilitating the progression of TB
disease.

Many studies have examined the roles of Th1 (IFNγ and IL-12) and Th2 (IL-4 and IL-10)-
related cytokines in the immunity against M. tuberculosis infection [9–11] and protective
immunity has been generally associated with strong Th1 responses [8,9]. Indeed, their key
role in protective immunity against M. tuberculosis is supported by observations in
genetically-modified mice or in humans affected by genetic defects. For example, mutations
in the genes that encode IFNγ, IL-12 (subunits p40 or p35) or the receptors for these two
cytokines greatly increase the susceptibility to infections by M. tuberculosis and other
mycobacteria [8,12]. Consistently, HIV-infected individuals have been reported to have
impaired production of IFNγ by mycobacteria-specific CD4+ T cells despite long-term
highly-active antiretroviral therapy [4].

The role of Th2 responses in immunity against M. tuberculosis is more controversial [9].
Because of their ability to antagonize many of the effects of IFNγ, Th2 cytokines such as
IL-4 and IL-10 have been generally regarded as contributing factors [10,11]. Many studies
have found a relationship between increased production of these cytokines and disease
progression or susceptibility to TB [10,13,14]. For example, increased IL-4 levels have been
associated to a poor outcome to anti-TB treatment [15] or to development of overt TB in a
group of healthcare workers [16]. The role of IL-4 may involve inhibition of bactericidal
functions of macrophages, increased toxicity by TNFα and pulmonary fibrosis [10]. Some
of the confusion about the role of IL-4 in TB has been due to the existence of an
alternatively-spliced variant, IL-4δ2, which acts as a natural IL-4-antagonist [17]. There is
evidence that IL-4δ2 expression is increased in patients with TB [18] and that elevated
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IL-4δ2 levels, in addition to Th1 cytokines, is associated with the ability of infected
individuals to control latent M. tuberculosis infection [19].

Given the central importance of cytokines in the immunity against TB, it is very likely that
HIV-associated defects or alterations in cytokine responses may contribute to increased
susceptibility or non-protective immunity against M. tuberculosis. There are, however,
multiple factors involved in the immunity to M. tuberculosis and thus it is not surprising that
protection vs. susceptibility hasn’t been fully explained by simple changes in IFNγ levels or
a shift from Th1 to Th2 cytokine patterns [8,9]. Thus, further study of cytokine responses/
profiles preceding onset of the disease in HIV-infected patients may enhance our
understanding of the factors that determine protective immunity or susceptibility to TB. The
aim of this study was to examine the cytokine expression profiles in PBMC from HIV-
infected patients both preceding and following TB, and to compare such profiles with those
of HIV-infected patients without TB and a control group without HIV or TB.

2. MATERIAL AND METHODS
2.1 Study Design

The work described in this article was approved by the University of Louisville Institutional
Review Board (08.0355). Informed consent was obtained from all participants and human
experimentation guidelines followed those of the U.S. Department of Health and Human
Services. This was a retrospective longitudinal study to investigate cytokine profiles in
plasma and peripheral blood mononuclear cells (PBMCs) in the context of tuberculosis in
HIV-seropositive (HIV+) women enrolled in the Women Interagency HIV Study (WIHS).
WIHS is a multicenter prospective cohort study established in 1994 to investigate the natural
history of HIV infection and effects of therapy in women. Details of study methodology
have been previously described [20,21]. Participant women visit WIHS sites every 6 months
for extraction of information related to HIV infection and collection of blood. HIV-infected
women receive anti-retroviral therapy according to guideline indications [21]. Ten HIV-
infected women with TB were identified upon searching the WIHS database for cases with
proven TB. These women received standard anti-tuberculous drug therapy for six months
following diagnosis. Dates of diagnosis and anti-TB treatment were confirmed from at least
one of the following: medical record abstractions, registry matches and death certificates.
There were no records indicating that these women had been diagnosed with LTBI and/or
had received treatment for LTBI. Plasma and PBMC specimens collected from these women
during their two visits previous (≤ 1 year) to the diagnosis of TB, corresponding to the stage
of latent M. tuberculosis infection (LTBI), and their two visits after (≤ 1 year) diagnosis and
treatment of TB were obtained from the WIHS repository. Because reactivation of LTBI in
HIV+ patients is common and the selected samples studied in our HIV+TB+ population
were taken less than 6 and 12 months previous to their development of active TB, our
studies assume that these patients already had LTBI. This group was designated as [HIV
+TB+]. Figure 1 depicts the sample collection strategy for the study.

2.2 Study Controls
Control group 1 included 10 WIHS-participant HIV-seropositive women without previous
TB and negative skin tuberculin test (TST). This group was designated as [HIV+TB-].
Control group 2 included 10 WIHS-participant HIV-seronegative women without previous
TB and negative TST. This group was designated as [HIV−TB−]. Specimens taken on two
consecutive visits were obtained from the WIHS repository for each control participant in
order to match the HIV+TB+ cases as close as possible. Case and Controls were matched for
age, race, CD4+ cell counts, plasma HIV-viral load, and approximate date of collection. In
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the case of race and ethnicity, individual cases were matched as Caucasian, African
American or Hispanic. Table 1 shows a summary of the characteristics of the patient groups.

2.3 RNA isolation and Reverse Transcription
After thawing, PBMCs were either immediately lysed or cultured in the presence of a
mixture of M. tuberculosis peptide antigens (ESAT-6 and CFP-10 peptides; QuantiFERON-
TB Gold, Cellestis, Australia) before lysis. Total RNA was isolated using a RNAqueous kit
(Ambion, Austin, TX) and purity and quantity assessed spectrophotometrically using a
Nanodrop 2000 apparatus (Thermo Scientific, Wilmington, DE). The reverse-transcription
step was carried out using a High capacity RNA-to-cDNA kit according to manufacturer’s
protocol (Applied Biosystems, San Diego, CA).

2.4 Stimulation of PBMC
Aliquots of PBMC (~1–2 × 106 cells) were cultured in 24-well plates using complete
medium (RPMI 1640 supplemented with 10% FCS, 100 U/ml penicillin, 100 mg/ml
streptomycin, 2mM L-glutamine, 1 mM sodium pyruvate and 0.1 mM non-essential amino
acids) in the presence of a mixture of M. tuberculosis ESAT-6 and CFP-10 peptides (10 mg/
ml; Cellestis, Australia), for 48 hours at 37° C/5% CO2. The cells were then harvested and
immediately lysed using RNAqueous lysis reagent.

2.5 Real-time PCR analysis of cytokine-specific transcripts
Expression of transcripts specific for IL-4, IL-4δ2, IL-10, IL-12(p35), IL-13, IL-17A, IFNγ
and TNFα in unstimulated and stimulated PBMCs was measured by real-time quantitative
polymerase chain reaction (PCR). Following the reverse-transcription step, cDNA aliquots
were amplified in an ABI prism 7300 sequence detection system (Applied Biosystems,
Foster City, CA) using TaqMan Gene expression assays and Master mix (Applied
Biosystems). The expression of the different cytokine transcripts was normalized to that of
the housekeeping gene control, β-actin, in all the experiments (ΔCt). The levels of the
different cytokine transcripts were also expressed as Arbitrary Units, calculated by
multiplying the ratio of the expression of each cytokine transcript to that of β-actin by 106.

2.6 Measurement of cytokine levels in plasma samples
Levels of eight different cytokines (IL-4, IL-6, IL-10, IL-12 (p70), IL-17, IFNγ and TNFα)
in plasma were measured using a Bioplex-Pro multianalyte assay (Bio-Rad, Hercules, CA)
according to the manufacturer’s protocol. Readings were done in a Luminex 100 system
(Luminex, Austin, TX).

2.7 Statistical Methods
Due to the longitudinal nature of the data, the repeated measures ANOVA model was
utilized to evaluate the differences in 8 cytokine profile measures (IL-4, IL-4δ2, IL-10,
IL-17, IL-12, IL-13, IFNγ and TNFα) and 4 ratios (IL-4δ2/IL-4, IFNγ/IL-4, IFNγ/IL-10
and IL-12/IL-10). This type of modeling takes into account both within repeated measures
and between study groups subject variability. Initially, we calculated summary statistics for
each of the cytokines by HIV-TB group and TB status using the ΔCt data. Then, we
examined the differences in cytokine profiles (pre-TB and post-TB) in the group that
developed TB. Next, we ran the repeated measures one-way ANOVA with HIV-TB group to
examine the differences in group means between HIV+TB− vs. HIV+TB+ (pre-TB) and
HIV−TB− vs. HIV+TB+ (pre-TB) groups. Finally, an ANCOVA model was fit with
possible predictors of cytokine outcomes, CD4+ cell count and/or HIV-RNA load as
covariates. Analysis of cytokine expression in stimulated PBMC cultures was done in
similar fashion. All statistical tests were based on 5% significance level.
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3. RESULTS
3.1 Cytokine Profiles in Unstimulated PBMC

The cytokine expression profiles for unstimulated PBMC are shown in Figure 2 (raw ΔCt
data is summarized in the Supplemental Data, Table SD-1). Because of their wide range of
expression, Figure 2 divides cytokines in three different groups based on expression levels
(2A: <10; 2B: 10–500; and 2C: 500–5000 units). The expression levels were compared in
HIV+TB+ patients, both before and after development of TB, and then with the HIV+TB−
and HIV−TB− control groups. Analysis of the levels of cytokine expression in HIV+TB+
patients showed moderate increases in the expression of both Th1 and Th2 cytokines in
samples taken after development and treatment of TB. The expression of IL-4 transcripts
increased approximately 2.57-fold in comparison to levels before TB (p<0.05). The
expression of transcripts for IL-4δ2 (1.41-fold), IFNγ(1.72-fold) and IL-10 (1.37-fold) also
showed a tendency to increase after TB, but the differences did not reach statistically
significance. There were no significant changes observed in the expression of IL-12(p35),
IL-13, IL-17A or TNFα. When compared with the control groups, the expression of IFNγ in
both HIV+ groups was considerably higher than in HIV− controls (p<0.05), suggesting that
HIV infection leads to an enhanced production of this cytokine. The levels in HIV+TB+
patients before developing TB were lower compared with HIV+TB− patients (2.5- vs. 4.2-
fold over HIV−TB− controls), although this difference did not reach statistical significance.
Interestingly, differences in the expression levels of the Th2 cytokines, IL-4 and IL-13,
between the HIV+TB+ (before TB) group and the HIV+TB− group were statistically
significant (p<0.05). In both cases, transcripts for these two cytokines were lower in HIV+
patients that went on to develop TB compared to HIV+ patients without TB.

3.2 Cytokine Profiles in Stimulated PBMC
The cytokine expression profiles for stimulated PBMC are shown in Figure 3 (raw ΔCt data
is summarized in the Supplemental Data, Table SD-2). This figure is also divides in three
different groups based on expression levels (3A: <100; 3B: 100–1500; and 3C: >1500 units).
Transcripts for IL-4δ2, IL-13 and IL-17A were not consistently detected in these samples
and were not included in the analyses. Similarly to the unstimulated PBMCs, the relative
levels of expression for most cytokines were higher in the HIV+TB+ samples taken after
development of TB, particularly in the cases of IL-12(p35) and TNFα, which showed
increases of 3.71- and 2.83-fold compared to levels before TB. In the case of TNFα, this
difference was statistically significant (p<0.05). Comparison of HIV+TB+ (before TB) with
the HIV+TB− group showed that cytokine expression levels were consistently lower in the
HIV+ group that went on to develop TB. As shown in Figure 3B, the most dramatic
difference observed was that for the expression of IL-12(p35), which was much lower in
HIV+TB+ patients (p<0.01). Expression of IL-10 was also significantly lower in the HIV
+TB+ compared with the HIV+TB− group (p<0.05). Although expression of IFNγ followed
the same pattern (lower in the HIV+ group before TB), differences with the HIV+TB−
group were not statistically significant. Likewise, expression of IL-4 and TNFα, tended to
be lower in the HIV+TB+ group, but the differences with the HIV+TB− group were not
significant.

3.3 Comparison of cytokine expression ratios
In order to investigate whether differences in expression ratios rather than absolute
expression existed in HIV+ patients before or after TB or between HIV+ patients that went
on to develop TB vs. those without TB, we also calculated and compared the relative
expression ratios of IL-4δ2/IL-4, IFNγIL-4, IFNγ/IL-10 and IL-12/IL-10 (Table 2). We did
not detect any significant changes in IL-4δ2/IL-4 expression ratios among the different
groups in unstimulated PBMCs. However, because of the lower expression levels of IFNγ
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in HIV−TB− controls, the IFNγ/IL-4 ratio in this group was significantly different from that
of the HIV+TB+ patients before development of TB. Moreover, the IFNγ/IL-10 ratio in the
HIV−TB− control groups was significantly smaller compared with the other groups. No
significant differences were observed in IL-12/IL-10 ratios in unstimulated PBMCs.
However, in the case of TB peptide-stimulated PBMCs, the IL-12/IL-10 ratios were
significantly lower (p<0.05) compared to those of HIV+TB− and HIV−TB− controls, most
likely the result of the lower levels of IL-12p35 expression.

3.4 Cytokine levels in Plasma
In order to investigate potential differences in circulating cytokine levels, the concentrations
of IL-4, IL-6, IL-10, IL-12 (p70), IL-13, IL-17A, IFNγ and TNFα in plasma samples of the
same subjects were also investigated. However, for many of these cytokines, most of the
samples had levels at or below the detectable range, as can be appreciated in Figure 4, which
shows the distribution of plasma concentrations of the different cytokines. Even for those
cytokines that were more consistently detected (e.g., IL-6, IL-10, IL-12, IFNγ and TNFα)
no statistically significant differences were observed when comparing the different groups.

4. DISCUSSION
These studies, although preliminary, were able to identify differences in cytokine expression
patterns in HIV+ patients that may potentially play a role in their development of TB. Main
among these findings, was the significantly lower expression of IL-12(p35) transcripts by
PBMCs stimulated with M. tuberculosis peptides in HIV+ patients before development of
TB, when compared to those of HIV+ women without TB. The significance of this
observation was maintained even after controlling for CD4+ T cell counts and HIV-RNA
load. The weak IL-12 response seen in our study correlates with reports of defective IL-12
being a major factor contributing to the development of TB in the setting of HIV infection
[7,8]. In this regard, a major role for IL-12 function in the immune response to M.
tuberculosis is supported by reports that IL-12 receptor deficiency was found in otherwise
healthy individuals with mycobacterial infections [22]. Moreover, IL-12 receptor-induced
IFNγ production has been shown to correlate with a protective Th1 response in TB and
other mycobacterial infections [23,24] and IL-12 has been described to be a successful
adjuvant in the treatment of TB [25]. Thus, considering that HIV-infected individuals have
been reported to have impairments in the IL-12/IFNγ axis [26,27] coupled with the key role
of IL-12 in protective immunity against M. tuberculosis, it is not then surprising that their
risk to develop TB is greatly enhanced.

The reasons for the compromised ability to produce IL-12 in response to M. tuberculosis
peptide antigens in the HIV-infected patients that developed TB (6–12 months before) are
not clear. IL-12 is a key component of the innate immune response and produced by
macrophages stimulated by bacteria and other pathogens or their components [28].
However, M. tuberculosis and derived products, including ESAT-6, have been shown to be
able to reduce secretion of both IL-12 and IL-15 in macrophages [29,30], which could be a
strategy to circumvent a strong Th1 immunity.

Although the largest difference occurred in terms of IL-12(p35) expression, it is significant
that the expression of IL-10 transcripts by stimulated PBMCs was also reduced in HIV+
patients before development of TB. Because the levels of IL-12 and IL-10 in HIV+TB+
individuals were not different from the HIV−TB− controls, it would appear that HIV
infection lead to dysregulated production of both IL-12 and IL-10. In the presence of TB
infection, however, the production of both cytokines was reduced. Because macrophages are
also important sources of IL-10 [31], this finding suggests that the defect in HIV-infected
individuals who later developed TB may not be restricted to reduced IL-12 (a cytokine
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promoting Th1 responses), but may also include other macrophage-derived cytokines and
even macrophage function. Understanding the mechanisms responsible for this defect in
IL-12 expression would help explain the greater susceptibility of HIV+ patients for TB.

It appeared from results of Figure 3, that although TNFα production was increased in HIV-
infected individuals in comparison with the HIV−TB− group, latent TB infection may have
also affected the ability of PBMCs to produce this cytokine, a defect that was mitigated after
treatment for TB. We believe that these results point out to a defect of APCs related to the
TB infection which may lead to dysregulation of cytokine production, resulting in a
weakened IL-12/IFNγ/TNFα axis and perhaps other macrophage-related functions, thus
facilitating the development of TB.

Although not statistically-significant, our results showed a tendency for reduced expression
of IFNγ among HIV-infected patients who went on to develop TB, which would be
consistent with a compromised IL-12/IFNγ axis. However, our results also showed that
expression of two Th2 cytokines (IL-4 and IL-13) were also lower in PBMC from HIV+
women before development of TB. Interestingly, production of these three cytokines
increased after TB to levels that were similar to those of the HIV+TB− group. These results
suggest that potential alterations to the cytokine profiles of the HIV+ patients before
development of TB cannot be simply explained by an inversion of the Th1/Th2 ratio. In fact,
rather than an alteration of the Th1/Th2 balance, the results are more consistent with a
general lower reactivity of PBMC. It is interesting to note that IL-4 and IL-13 have been
reported to potentiate the transcription of the genes encoding both p40 and p35 subunits of
IL-12, and that in mononuclear cells of HIV-infected patients, priming with these two
cytokines potentiated in vitro IL-12 production [32,33].

Although previous studies had associated high levels of IL-4 and low levels of IL-4δ2 at the
time of TB [2,14,16], such pattern was not found in our study. However, a study by Dheda
et al. [18], noted that expression of IL-4δ2 was restricted to the lungs but not the peripheral
blood of HIV-TB co-infected patients. Another potential explanation is that the previously
reported changes of IL-4 and IL-4δ2 may occur around the time of TB, and not 6–12 months
before, which is more consistent with our studies.

Despite some reports of the importance of IL-17 in M. tuberculosis infection, mostly in the
maintenance of the inflammatory response [34], we did not observe any significant changes
in the expression of this cytokine. Moreover, although we expected the samples from HIV
+TB+ patients to have higher levels of expression of T-cell-derived cytokines (such as
IFNγ) in response to TB peptides compared to HIV+TB− patients, this was not the case.
The reasons for this finding are not clear, but might have resulted from an overall lack of
responsiveness, to lower production of IL-12 by monocyte/macrophages, or the inhibitory
effects of ESAT-6 in vitro.

Recent studies by Berry et al. [35 and Maertzdorf et al. [36] have analyzed whole blood
gene expression profiles in patients with active and latent TB as well as uninfected controls.
The former study was able to identify a 393-transcript signature for active TB which
correlated with radiological extent of the disease and reverted to that of healthy controls
after treatment. The most over-represented pathway in patients with active TB was IFN-
signaling, including genes downstream of both IFNγ and type I IFN. In our study, we found
that expression of IFNγ was higher in both HIV+ groups compared to HIV− controls,
probably representing increased IFNγ production due to the viral infection. However, the
HIV+TB+ group tended to have comparatively lower levels of IFNγ. The second study
found unique expression profiles in active TB vs. LTBI, with a cluster of genes involved in
apoptosis regulation showing reduced expression in active TB and a cluster of genes
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involved in host defense responses and mainly active in granulocytes and macrophage
function and differentiation expressed at lower levels in LTBI compared to active TB or
even non-infected donors. Although none of the reported genes included the cytokines
analyzed in our study, the pattern observed in the HIV+TB+ patients, particularly before
development of TB (LTBI stage), appears consistent with compromised macrophage
function (e.g., reduced IL-12, TNFα, IL-10 production).

Among the limitations to our study are the lack of prospective study design and small patient
sample that may have limited an optimal evaluation of the cytokine profile in relation to TB
and HIV infection. Given the small numbers of patients, our findings need to be validated
with prospective studies with larger numbers of patients and including also HIV-
seropositive, TST-positive patients who do not develop TB to make sure that the abnormal
cytokine responses are indeed associated with increased susceptibility. Another potential
limitation is the working assumption that all of the HIV+TB+ cases were due to reactivation
of LTBI. Although we consider that based on epidemiological data [37] and the time at
which the PBMC samples were obtained prior to the development of TB, our assumption is
solid, we cannot completely rule out that some cases may have represented primary TB.
Finally, the relatively long storage period of some of the PBMC samples used in our studies,
may have affected cell viability upon thawing. In order to minimize such an effect and in
addition to matching samples for storage length, we chose to stimulate our cultures with M.
tuberculosis-derived peptide antigens based on reports that long-term storage affects T cell
responsiveness to peptides to a lesser extent than to whole proteins (antigens) [38].
Nevertheless, changes in cell viability and composition in the thawed/cultured PBMCs may
have been responsible for the lower arbitrary expression units when comparing stimulated
(Fig. 3) vs. unstimulated (Fig. 2) samples.

In summary, our study revealed lower levels of IL-12 production by PBMC in response to
TB antigens and lower levels of both Th1 and Th2 cytokine expression by T cells at 6 – 12
months in HIV+ women that went on to develop TB compared with a group of matched HIV
+ women without TB. Our data suggest that defective production of IL-12 may contribute to
the increased risk of developing TB in individuals with HIV infection. Prospective studies
are needed to validate our study results.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Design for sample collection for the HIV+TB+ group. Plasma and PBMC samples collected
during the two visits before and after development of active TB were obtained from the
WIHS repository. For the control groups, samples from two consecutive visits were obtained
from both HIV+TB− and HIV−TB− WIHS-participant women that closely matched the HIV
+TB+ samples in terms of age, race, date of collection, CD4+ T cell numbers and HIV viral
load.
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Figure 2.
Cytokine transcript expression in unstimulated PBMCs. Frozen PBMC samples were
obtained from the WIHS repository from a group of HIV+ women before and after diagnosis
and treatment of TB (HIV+TB+ before and HIV+TB+ after, respectively); a group of
matched HIV+TB− women and another control group consisting of matched HIV−TB−
women. Total RNA was isolated from PBMC samples following thawing as indicated in
Materials and Methods. Cytokine expression was estimated by quantitative real-time PCR.
Relative expression was calculated based on ΔCt values and expressed as Arbitrary Units,
calculated by multiplying the ratio of the expression of each cytokine transcript to that of β-
actin by 106. The three graphs (A-C) group different cytokines according to expression
levels (A: <10; B: 10–500; C: >500 Arbitrary Units). Bars represent the geometric mean of
expression each group (in Arbitrary Units) and error bars represent 95% C.I. (* p<0.05).
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Figure 3.
Cytokine transcript expression in PBMCs stimulated with ESAT-6 and CFP-10 peptides (10
µg/ml) for 48 hours, as indicated in Materials and Methods. Groups are the same as those
described under Figure 1. Total RNA was isolated from PBMC following culture and
cytokine expression was estimated by quantitative real-time PCR. Relative expression was
calculated based on ΔCt values and expressed as Arbitrary Units, calculated by multiplying
the ratio of the expression of each cytokine transcript to that of β-actin by 106. The three
graphs (A-C) group different cytokines according to expression levels (A: < 100; B: 100–
1,500; C: >1,500 Arbitrary Units). Bars represent the geometric mean of each group (in
Arbitrary Units) and error bars represent 95% C.I. (* p<0.05; ** p<0.01).
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Figure 4.
Distribution of cytokine levels in plasma samples of groups of HIV+ women before (A) and
after (B) reactivation of TB; HIV+ women without TB (C) and a control group of HIV−TB−
women (D). Cytokine levels were assayed using a Bioplex bead array and expressed as pg/
ml. Lower limits of detection for each of the assayed cytokines were: IL-4 (0.3 pg/ml); IL-6
(0.8 pg/ml); IL-10 (0.7 pg/ml); IL-12p70 (1.9 pg/ml); IL-13 (1.0 pg/ml); IL-17A (1.2 pg/
ml); IFNγ (4.0 pg/ml) and TNFα (20 pg/ml). Horizontal bars represent the geometric mean
of each group.
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TABLE 1

Characteristics of Study Groups

GROUP Age
(years)

CD4+ T cell counts
(cells/µl)

HIV viral load
(copies/µl)

HIV+ before TB 38.2 (23.9–49.3) 255 (184 –353) 3,654 (1,100 – 12,136)

HIV+ after TB 38.7 (24.4–50.3) 244 (180 – 329) 4,376 (1,145 – 16,720)

HIV+ TB− 38.2 (30.4–46.7) 281 (213 – 371) 3,272 (924 – 11,590)

HIV− TB− 36.5 (21.9–46.7) 596 (433 – 820) 0

Values denote the arithmetic mean and range (in parentheses) for age and geometric mean and 95% Confidence Interval (in parentheses) for CD4+
T cell counts and HIV viral loads. The HIV+ before and after TB groups include the same 10 subjects. Each subject included at least two samples
obtained at consecutive visits to a WIHS center.
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