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Abstract

Introduction: Multidrug-resistant tuberculosis (WDR-TB) is a hard-to-treat
disease with a poor outcome of chemotherapy. In the present study, the
efficacy and safety of recombinant human interleukin-2 (rhiL-2) were inves-
tigated in patients with MDR-TB.

Material and methods: Fifty culture-confirmed patients with MDR-TB were
included. Twenty-five patients were randomly assigned to the trial group (in-
jection of 500 000 IU of rhIL-2 once every other day at the first, third, fifth
and seventh months in addition to standard multidrug therapy) and another
25 patients to the control group with standard multidrug therapy. All patients
were monitored clinically, and T-cell subsets were analyzed by flow cytometry.
Results: The rates of sputum negative conversion and X-ray resolution in
the trial group were higher than those of the control, and the improvements
were significant by completion of treatment. In addition, CD4*CD25* T cells
in the controls rose gradually during treatment. The levels at the end of
the seventh month were significantly higher than before, which were also
significantly different when compared with those from the trial group at the
same time. However, there were no such changes associated with treatment
in the trial group. No significant differences appeared in other T cell subsets.
Conclusions: Exogenous IL-2 in the present regimen improves immunity sta-
tus. Adjunctive immunotherapy with a long period of rhiL-2 is a promising
treatment modality for MDR-TB.

Key words: multidrug-resistant tuberculosis, immunotherapy, interleukin-2,
CD4+*CD25* T cells.

Introduction

Multidrug-resistant tuberculosis (MDR-TB) is a growing problem that
poses a major threat to global tuberculosis (TB) control, especially in de-
veloped countries. Nearly 440 thousand people are infected with MDR-TB
worldwide every year. As a high burden country, about 100 thousand
MDR-TB cases appear in China annually [1]. Treatment of MDR-TB re-
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quires the use of toxic, expensive, and less effec-
tive second-line drugs for 2 years or more, leading
to low patient compliance and poor treatment
outcomes with high mortality. The recent situa-
tion demonstrates the urgent need to search for
novel strategies to treat MDR-TB. Adjunctive im-
munotherapy, together with chemotherapy, has
the potential to improve treatment outcomes of
drug-resistant tuberculosis [2-4].

Protective immunity against Mycobacterium tu-
berculosis (Mtb) is based on cell-mediated immu-
nity involving CD4* and CD8&*T cells [5, 6]. Interleu-
kin-2 (IL-2), mainly secreted by activated T cells, is
central to the development of an adaptive immune
response to infection, promoting differentiation
and proliferation of lymphoid cells. The systemic
immune response in peripheral blood is character-
ized by enhanced Th2 function and decreased Th1
function in TB pathogenesis [7]. These disturbanc-
es were remarkable in MDR-TB [8-10]. Recovery
from TB depends, in part, on the generation of an
effective cell-mediated immune response against
the pathogen. Therefore, IL-2 injection has been
deemed to be a natural adjunctive therapy for TB.
Several studies have shown recombinant human
interleukin-2 (rhiL-2) to be safe and well tolerated
[11-13]. However, the only large-scale randomized
trial evidenced that intradermal therapy with rhiL-2
did not produce an improvement in clinical symp-
toms and sputum bacillary clearance [13]. There
has been a lack of more recent such clinical studies.
Changes of T cell subsets in response to treatment
were especially scarce in MDR-TB patients.

To further elucidate this issue, we conducted
a randomized trial to examine the effects of rhiL-2
plus standard chemotherapy by following up the
whole duration of therapy in MDR-TB patients. We
also evaluated the frequencies of T cell subsets
and CD4*CD25* T cells at several time points in
the peripheral blood of patients throughout the
course of rhlL-2 administration, and aimed to ex-
plore the correlation between alterations in im-
mune cells and treatment outcomes.

Material and methods
Patients

A total of 50 MDR-TB patients aged 18 to 70
years were recruited from six multicenter organi-
zations: the Third Hospital of Zhenjiang City, the
Fourth People’s Hospital of Lianyungang, Taizhou
People’s Hospital, Nanjing Chest Hospital, the
Sixth People’s Hospital of Nantong, and Taixing
Municipal Center for Disease Control and Preven-
tion. Patients were identified according to guide-
lines for pulmonary TB diagnosis and therapy pub-
lished by the Tuberculosis Branch Association of
the Chinese Medical Association. All patients were

HIV seronegative and had pulmonary MDR-TB, de-
fined as culture-confirmed Mtb resistant to iso-
niazid and rifampicin. We excluded patients with
serious medical comorbidities.

Approval was granted by the Hospital Ethics
Committee of Jiangsu Province Hospital, and all
participants provided informed consent.

Treatment allocation and anti-TB therapy

After screening, study participants were ad-
mitted to hospital, 25 MDR-TB patients were
randomly assigned to standard chemotherapy
(control), and another 25 MDR-TB patients were
randomly assigned to standard chemotherapy
plus intradermal injection of 500 000 IU rhiL-2
(Yuance, China) once every other day starting
at the first, third, fifth and seventh months during
the course of anti-TB treatment (rhiL-2 group).
All patients received drug susceptibility testing,
and were given 24 months of multidrug chemother-
apy (6 months daily of pyrazinamide, kanamycin
(amikacin or capreomycin), levofloxacin, protion-
amide, and p-aminosalicylic acid (ethambutol) and
18 months daily of pyrazinamide, levofloxacin,
protionamide, and p-aminosalicylic acid (etham-
butol)). The drugs in the brackets are the substi-
tute for the prior medicine that cannot be applied
for some reasons. The dosage of above drugs was
adjusted for body weight. Treatment assignments
were masked to clinical and laboratory staff.

Follow-up assessment
Bacteriology

Morning sputum specimens were collected
monthly from patients for qualitative acid-fast ba-
cilli smears and culture in improved Lowenstein
Jensen (L-)) plates and p-nitrobenzoic acid (PNB)
L-) media respectively. The rates of sputum smear
and culture conversion were assessed at the time
points of the third, sixth, twelfth, eighteenth, and
twenty-fourth months during anti-TB treatment.

Radiology

Chest radiographs were read by two indepen-
dent physicians who were blinded to the treat-
ment assignation. Radiographic changes were
evaluated by comparing baseline and follow-up
chest X-rays after the end of the third, sixth,
twelfth, eighteenth, and twenty-fourth months of
anti-TB treatment. Changes were rated to the fol-
lowing four grades: marked absorption (meaning
significant improvement of more than half of ini-
tial abnormalities), absorption (meaning definite
improvement better than initial abnormalities but
less than a half), no changes (no certain difference
in films compared with original lesion), and dete-
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rioration (being worse than initial abnormalities
or spreading to another area). Simultaneously, the
cavity closure was observed.

Immunologic measurement of peripheral
blood

Five milliliters of venous blood were obtained
from patients on an empty stomach in the morn-
ing prior to study and after the first, third, and sev-
enth months of treatment. Whole blood was col-
lected in plastic tubes containing anticoagulant.
One hundred ul of fresh blood was incubated in
the dark at room temperature with 10 pl of anti-
bodies conjugated with fluorescence for 15 min,
including anti-human CD4-fluorescein isothiocya-
nate (FITC)/CD8-phycoerythrin (PE)/CD3-peridinin
chlorophyll protein (PerCP) (BD company, USA),
and anti-human CD4-FITC/CD25-PE (Immunotech,
French). Ten pl of 1gG-FITC/IgG-PE/IgG-Percy5 was
placed into one tube as an isotype control. After
incubating for 10 min, erythrocytes were removed
using 1 ml of diluted lysing solution. Subsequent-
ly, the cells were washed with 1 ml of PBS, centri-
fuging at 1000 rpm for 5 min, and supernatant
was removed. Then, the cells were resuspended in
500 pl of PBS, and run on the BD FACSCalibur (BD,
USA). The samples were counted at 50,000 events,
setting the lymphocyte gate using the CellQuest
program. Finally, the percentage value of all the
markers was calculated.

Safety

During anti-TB treatment, the adverse events
were counted. Complete blood count, blood
chemistry, serum electrolyte, and urinalysis were
repeated monthly during treatment. Serum thy-
roid stimulating hormone was checked before the
study and after 1 month of treatment. Subjects
were followed for 2 years after the beginning of
chemotherapy.

Table I. Baseline characteristics of study subjects
in each group

Characteristic rhiL-2 (n = 25)  Control (n = 25)
Age [years] 44,1 13 46.4 +14
Male, n (%) 20 (80) 21 (84)
Relapse patients 24 23
Treatment times 3.1+1.1 3.1 £1.7
Resistant drugs 3.2+0.9 3.3+1.2
Cavity number 1.3 +0.9 1.5 +0.9
Disease lobe 3.7+1.8 39+1.4

Values are presented as mean + SD. rhiL-2 — recombinant human
interleukin-2.

Statistical analysis

All results were analyzed using SPSS 11.1
(SPSS Inc, Chicago IL, USA). Numeric values were
presented as mean + standard deviation (SD). Ba-
cillus negative and chest X-ray results were eval-
uated by the y? test. Differences between means
of two groups were tested by the t test. Differ-
ences among multiple groups were evaluated by
one-way analysis of variance (ANOVA). Pearson’s
test was used to analyze the correlation. Values of
p less than 0.05 were considered significant.

Results
Patient clinical characteristics

Table | shows the characteristics of all subjects
at the time of entry to the study. As can be seen in
the Table, the base condition of participants was
closely matched; the majority of patients were
middle aged men, who had been treated many
times, and were resistant to three or more drugs.
One patient in the control group died of severe
pneumonia at the 11 month of treatment, and
there was loss of contact with 1 patient in the
rhiL-2 group at the 10" month.

Microbiologic outcomes

After initiation of treatment, patients from the
rhiL-2 group demonstrated a trend in sputum
increasingly converting to negative, the sputum
smear negative rates changing from 52% at the
third month to 75% at the end of therapy, and
negative sputum cultures increased from 52% to
67%. By contrast, in the control group, the pro-
portion of subjects who had their sputum change
to negative was lower compared with the rhiL-2
group at each time point; the differences were sig-
nificant by completion of the study (p = 0.019 for
sputum smear rates; p = 0.043 for sputum culture
rates) (Figure 1 A, B).

Radiographic outcomes

The rates of X-ray lesion absorption between
the control and rhIL-2 group are shown in Figure 1.
For patients comparing baseline and follow-up
chest radiographs, individuals in the rhIL-2 group
demonstrated more lesion absorption than those
from the control group throughout the course of
TB therapy. By the 24™ month, the lesion absorp-
tion rate was 54% for the rhiL-2 arm, and only
25% for the control; the difference was significant
(p = 0.039) (Figure 1 C). Next, increased cavity clo-
sure rates were observed among rhiL-2 immuno-
therapy patients. At the end of treatment, these
rates were 17% for the control and 23% for the
IL-2 group; there were no statistically significant
differences between the two groups.
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Immunologic changes during anti-MDR-TB
treatment

To determine whether T cell subsets have a role
in the immunological response to antituberculous
treatment, we measured the percentage of CD3",
CD4+, and CD8* T cells at several pre- and post-
study time points. As shown in Table II, there were
no differences in T cells; the levels of CD4* and
CD4+/CD8* T cells tended to be decreased during
MDR-TB treatment.

We next assessed whether both groups were
different in frequencies of CD4*CD25* T cells. The
levels of CD4*CD25* T cells from the control were
found to be elevated after treatment, and were
significantly higher at the 7" month as compared
with the levels of pretreatment and after one month
of anti-TB treatment (p = 0.017). When compared
with patients from the rhIL-2 group, the levels of
CD4+CD25* T cells from the control were also signifi-
cantly higher (p = 0.017). In contrast, the adminis-
tered rhiL-2 regimen did not induce obvious chang-
es in the number of CD4*CD25* T cells (Figure 2).

We then tried to investigate the interaction of
CD4+*CD25* T cells with other T cells using Spear-
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Figure 1. Clinical outcomes in control and rhiL-2
trial group. A — Sputum smear conversion rates.
B — Sputum culture conversion rates. C — Lesion
absorption rates

*P < 0.05, significances determined by y? test. MDR-TB —
multidrug-resistant tuberculosis, IL-2 — interleukin-2.

man’s nonparametric test. CD4*CD25* T cells were
negatively correlated with CD8* and CD4*CD25™ T
cells (r = -0.214, p = 0.007; r = -0.192, p = 0.016
respectively).

Safety

Adjunct immunotherapy with rhiL-2 was safe
and generally well tolerated. The systemic adverse
events between the control and rhIL-2 group were
similar (p > 0.05, Table ). No subjects required
dose reduction or discontinuation of rhiL-2 due to
its side effects. Adverse events were usually mild
and local, such as local pain and tenderness on
palpation, erythema, hyperpigmentation, etc.

Discussion

Interleukin-2 has been a standard option for
treatment of some malignant tumors; therefore,
it could be moved rapidly into a clinical setting for
treatment of TB if benefits could be demonstrat-
ed. Indeed, we found that adjunctive immunother-
apy with rhiL-2 enhanced sputum conversion neg-
ative rates, and improved the chest radiograph.
Although rhIL-2 administration only lasted for
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Table I1. Proportions of T cell subsets in two groups with MDR-TB over the course of treatment (x + SD)

Study point n CD3* (%) CD4+ (%) CD8* (%) CD4+/CD8*
Control 0 month 24 62.67 +14.58 34.64 +11.05 24.26 £11.00 1.73 £0.92
1 month 21 61.55 £13.94 33.32 £9.70 25.99 £12.70 1.52 +0.58
3 month 22 62.74 £13.77 34.15 +£11.89 25.00 £10.11 1.43 +0.67
7 month 21 63.07 £14.16 35.22 #11.33 24.58 +9.83 1.61 +0.76
rhiL-2 0 month 22 59.85 +16.09 35.41 £9.99 23.48 £7.20 1.66 +0.77
1 month 21 63.93 +11.15 36.13 £8.66 2447 £7.72 1.63 +0.70
3 month 22 57.04 £15.94 31.01 £9.90 24.63 +8.42 1.47 £0.87
7 month 22 58.82 +12.29 31.58 +9.28 24.27 £7.49 1.41 £0.61

Data are expressed as mean + standard deviation. The proportions of CD3*, CD4*, CD8", and CD4*/CD8* are assessed in different numbers of
patients prior to the study and during TB treatment. MDR-TB — multidrug-resistant tuberculosis. rhiL-2 — recombinant human interleukin-2.

7 months, the successful effects from rhIL-2 were
maintained during the whole duration of antitu-
berculosis treatment, suggesting that the immune
regulatory effects were sustained long term. Intra-
dermal therapy with rhiL-2 was generally safe and
well tolerated.

Our results are consistent with the serial stud-
ies of Johnson et al. In 1995, they firstly reported
the beneficial results of rhiL-2 for TB of 20 pa-
tients with drug-sensitive tuberculosis (DS-TB),
or MDR-TB with optimal multidrug chemotherapy
[14]. Subsequently, in 1997, a clinical trial in 35 pa-
tients with MDR-TB comparing daily or pulsed IL-2
therapy with placebo identified improved sputum
clearance with daily treatment, and it was also
noted that there were strikingly different results
with variation in the rhIL-2 treatment schedule
[11]. However, the earlier studies followed up only
short term, and not the full course of treatment.
Furthermore, there are three different changes
in our long period of rhiL-2 treatment protocol:
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Figure 2. Quantities of CD4*CD25*T cells in differ-
ent groups before and after treatment

*P < 0.05, Significances determined by t test. MDR-TB —
multidrug-resistant tuberculosis, IL-2 — interleukin-2.

1) single dose: 500 000 IU per time in our study,
225 000 IU used by Johnson; 2) dosing sched-
ule: once every other day scheme, compared to
twice daily rhiL-2 treatment regimen; 3) dura-
tion: a total of four courses applied at the first,
third, fifth and seventh month of treatment vs.
the first month of anti-TB treatment. The reason
for novel treatment modalities in our study could
be described as follows. The MDR-TB patients in-
cluded in our study mostly belonged to the form
of relapse, having experienced over three times
multidrug therapy due to chronic and severe in-
fection. Because of the gravity and refractory
profile, we made the treatment program of rhiL-
2 prolonged to cover the enhancement period of
MDR-TB therapy. Our results extended previously
published reports, and further supported findings

Table 1. Number of systemic adverse events in

control and rhiL-2 trial group
Systemic adverse events  Control (n) rhiL-2 (n)
Hepatic injury 4 2
Kidney injury 3 3
Gastrointestinal reaction 4 2
Blood system influence 0 3
Auditory nerve damage 0 0
Optic nerve damage 0 0
Drug allergy 0 0
Nervous-mental system 0 0
Muscle and joint pain 4 2
Electrolyte abnormalities 2 3
Thyroid dysfunction 1 0
Total 18 15

Fisher’s exact test comparing rhiL-2 and control group. rhiL-2 —
recombinant human interleukin-2.
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that a long period of rhIL-2 had favorable effects
on MDR-TB patients [15].

These improvements were undoubtedly asso-
ciated with rhiL-2-induced changes of immune
status. Interleukin-2 signals influence the differen-
tiation of effector CD4* T cells, promoting the gen-
eration of Th1, Th2, and regulatory T (Treg) cells
[16]. Recent insight into the crucial role of IL-2 is
not only for protective immunity but also necessary
for the development and homeostasis of Treg cells
[16, 17]. Experimental studies found that IL-2 was
needed to efficiently activate Treg cells, and also
demonstrated that Treg cells, which did not pro-
duce IL-2, competed for IL-2 secreted by responder
T cells [18, 19]. These findings indicated that IL-2
designed to enhance the immune response could
induce suppressive activity, which might explain
the detrimental effects of rhiL-2 reported by John-
son [13]. To understand when and how IL-2 plays
its distinct function is crucial for the development
of safe and efficient therapeutic approaches for
protective immunity. A recent review indicated
that the dichotomous role of IL-2 depended on dif-
ferent doses of IL-2 [16, 18]. Interleukin-2 at low
doses may be used to expand Treg cell numbers
in conditions of autoimmune diseases [19], while
high-dose IL-2 administration can abolish Treg sup-
pression of responder T cells, having a therapeutic
role in some kinds of cancer [16, 18].

Profound immune suppression was shown in
MDR-TB [8, 20], whereas different studies present-
ed various performances. Our findings disagreed
with the results of Chu et al. [12], who found that
there were higher levels of CD4* and CD4+*/CD8*
ratio in the rhiL-2 group after treatment, but
agreed with the study by Johnson et al. [11], who
found no significant changes in the size of leuko-
cyte subpopulations during the study in any pa-
tient group. Moreover, in our study, while not sta-
tistically significant, the value of CD4* and CD4+/
CD8* ratio declined with rhIL-2 administered. The
mechanism involved might be related to the suc-
cessful control of inflammation and down-regula-
tion of the immune response after rhiL-2 therapy.
Alternatively, there is increasing evidence for the
importance of CD8* T cytotoxic cells, which play
a major role in the late phases of TB disease [21,
22]. It was further proposed that efficient immu-
notherapy might seek to increase CD8* activity
[22]. Thus, it could be speculated that the underly-
ing clinical response to rhiL-2 was not only simply
associated with boosting Th1 protective immunity,
but might be linked to an additional mechanism.

Here, we tested the overall frequencies of
CD4+*CD25* T cells. This subpopulation contains
Treg and effector T cells, as CD25* is also a mark-
er of activation of T cells [23, 24]. It is becoming
evident that CD4*CD25* Treg cells are expanded

in DS-TB and MDR-TB patients [10, 25-27], and
may contribute to inhibit effector functions of Th1
and CD8*T cells. We observed that CD4*CD25* T
cells were negatively correlated with CD4*CD25~T
and CD8* T cells, which indicated that CD4+*CD25*
T cells in the present study might include many
Treg cells, though we did not measure FOXP3 ex-
pression. Interestingly, we found an increase in
the proportion of CD4*CD25* T cells after standard
chemotherapy. One possible explanation was
that the immune reaction to mycobacterial anti-
gens was very strong due to the TB bacillary per-
sistence. Similar observations were made in ex-
tra-pulmonary TB patients [28]. Another possible
explanation might be the low level of IL-2. As evi-
denced in our previous study [8], MDR-TB patients
produced lower levels of IL-2 in their serum com-
pared to DS-TB and healthy controls. Such a low
level of IL-2 has been proved to drive expansion of
Treg cells, which by competition for IL-2 resulted
in further inhibition of responder T cells [18]. In
patients with active TB, frequencies of CD4*CD25*
Treg cells were increased, being maintained even
at completion of chemotherapy [29]. We did not
identify CD4*CD25*FoxP3* T cells; it would be of
great interest to measure this subpopulation us-
ing CD4, high expression of CD25 and low expres-
sion of CD127 antigen in our next investigation
[30]. Collectively, the increase of CD4*CD25* T cells
may represent an increase of both activated T cells
and Treg cells, which are associated with high lev-
el inflammatory status, plausibly correlating with
the fact that the clinical outcomes were subopti-
mal in the multidrug arm.

In contrast to previous reports [11, 13], the im-
portant finding was that rhiL-2 induced only slight
but no significant increase of CD4*CD25* T cells.
The reasons underlying the differing results be-
tween our studies and earlier studies might be re-
lated to the rhIL-2 treatment regimen. As we have
mentioned, in the current study, the single dosage
of each injection was higher, and the duration of
4 months of rhiL-2 application was a long period,
which might represent high-dose administration.
In the presence of high-dose IL-2, the function of
effector T cells was enhanced, and the expansion
of Treg cells was abrogated [16, 18]. It was probably
that the numbers of CD4*CD25* Treg cells were lim-
ited, caused by the IL-2 regimen used in the present
study, which contributed to the lack of significant
change of CD4*CD25* T cells in the rhiIL-2 group.
A recent review concluded that pathogen clearance
is achieved through a careful balance between ef-
fector and suppressor response [23]. The success of
rhiL-2 therapies might in part originate from such
a balance, thereby increasing clearance of TB.

In conclusion, we demonstrated that adjunc-
tive immunotherapy with rhiL-2 showed protec-
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tive efficacy in MDR-TB patients. Using rhIL-2 for
a long period did not induce significant expansion
of CD4*CD25* T cells. By contrast, persistence of
increased frequencies of CD4*CD25* T cells might
be related to infection progression in MDR-TB
patients receiving only multidrug chemotherapy.
However, TB immunology is considerably complex,
and further clinical and laboratory studies are
warranted to explore the interaction between IL-2
and T cells.
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