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Abstract

Regulatory T cells (Tregs), which could be down-regulated by IL-28B, were reported to suppress
T-cell-mediated immunity. The aim of this study was to investigate the role of IL-28B on the immune
responses and protective efficacy of a tuberculosis (TB) subunit vaccine. First, a recombinant
adenoviral vector expressing mouse IL-28B (rAd-miL-28B) was constructed; then C57BL/6 mice were
immunized with subunit vaccine ESAT6-A985B-Mpt64(190_198)-Mtb8.4-Hst (EAMMH) and rAd-miL-28B
together thrice or primed with Mycobacterium bovis bacillus Calmette—Gue rin (BCG) and boosted
by EAMMH and rAd-mIL-28B twice. At last the immune responses were evaluated, and the mice
primed with BCG and boosted by subunit vaccines were challenged with virulent Mycobacterium
tuberculosis H37Rv to evaluate the protective efficacy. The results showed that rAd-miL-28B
treatment significantly down-regulated the frequency of Tregs at 4 weeks after the last immunization
but did not increase the T, 1-type immune responses. Moreover, in the regimen of BCG priming and
EAMMH boosting, rAd-mIL-28B treatment did not increase the antigen-specific cellular and humoral
immune responses, and consequently did not reduce the bacteria load following H37Rv challenge.

Instead, it induced more serious pathology reaction. In conclusion, IL-28B down-regulates Tregs
following EAMMH vaccination but does not improve the protective immune responses.
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Introduction

Tuberculosis (TB) remains a threat to humans’ health in the
world. The current vaccine, attenuated Mycobacterium bovis
bacillus Calmette-Gue rin (BCG) does not limit the spread of
the disease (1, 2), although it has a proven capacity to pre-
vent severe and disseminated forms of TB in children (3, 4).
Subunit vaccines were widely investigated due to their good
efficiency against TB (5-7). Moreover, the strategy of BCG
prime and subunit vaccine boost is regarded as a practical
way to provide protection in adults (8). The vaccine-induced
immune responses are being investigated to find a way to
improve the protective efficacy of TB vaccines. T, 1-type cel-
lular immune responses are the key host protective responses
against TB (9). It was reported that T, 1-type immunity could
be down-regulated by a distinct subset of CD4* T cells highly
expressing CD4, CD25 and Foxp3, referred to as regulatory

T cells (Tregs) (10, 11). Tregs suppressed both T cells and
antigen-presenting cells (12, 13), thus they might dampen the
immune responses against Mycobacterium tuberculosis (14)
and benefit the persistent infection.

The effects of Tregs on the immunization of TB vaccines
received great attention in the past several years. It was
reported that BCG-mediated protection against M. tubercu-
losis was diminished concomitantly with the emergence of
Tregs (15). Fletcher et al. (16) found that a recombinant MVA
expressing antigen 85A vaccination reduced TGF-f1 and
Tregs, and enhanced IFN-y responses to the recall antigen
in BCG-primed subjects. Fedatto et al. (17) observed that a
stronger protection conferred by heterologous vaccination
against TB correlated with lower numbers of CD4* Foxp3* cells
in lung tissue. However, it was also reported that depletion
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of Tregs via injection of anti-CD25 antibody during TB vac-
cine immunization did not enhance the protective effect (18).
Therefore, the role of Tregs during TB vaccine immunization is
still controversial and needs further investigation.

IL-28B, a cytokine recently discovered, is a member of
the family of type-Ill IFNs (19). Having a similar signal trans-
duction cascade with type-I IFNs (IFN-a and IFN-B), IL-28B
induces antiviral and anti-tumor effects (20). Morrow et al.
reported that IL-28B down-regulated Tregs, drove strong T, 1-
biased cellular immune responses and induced protection in
some vaccine immunizations (21, 22).

In our previous study, we found that immunizing mice
with TB fusion protein ESAT6-Ag8SB-MPT64(1907198)-Mtb8.4
(EAMM) and Mtb10.4-HspX (MH) exhibited significant protec-
tion against M. tuberculosis (23). Therefore, we linked EAMM
and HspX to construct a new fusion protein EAMMH which
included ESAT6, Ag85B, the peptide 190-198 of Mpt64,
Mtb8.4 and HspX. EAMMH was mixed with an adjuvant com-
posed of dimo-thylidioctyl ammonium bromide (DDA) and
polyriboinosinic-polyribocytidilic acid (Poly I:C) to construct a
novel subunit vaccine candidate. As expected, the vaccine
EAMMH induced stronger T, 1 responses and higher protec-
tion against M. tuberculosis infection than BCG and EAMM
plus MH in mice (24). In this study, we constructed an adeno-
viral vector encoding mouse IL-28B (rAd-mlL-28B). Mice were
immunized with TB subunit vaccine EAMMH with or without
additional treatment of rAd-mIL-28B. Then, the percentage
of Tregs, antigen-specific immune responses and protective
efficacy were examined. The results showed that rAd-mlL-
28B reduced the frequency of Tregs in mice vaccinated with
EAMMH, but did not enhance the vaccine-induced immunity.

Methods

Animals

Special pathogen-free female C57BL/6 mice were purchased
from Sibeifu Experimental Animal Technology Co., Ltd (Beijing,
China) and maintained in the Animal Center of Gansu University
of Chinese Medicine (Lanzhou, China). All animals were
female and 6-8 weeks old at the start of the experiments. For
M. tuberculosis H37Rv challenge, animals were maintained in
ABSL-3 laboratory at Wuhan University, China. Mice received
free access to food and water throughout the study. All experi-
ments were carried out according to the protocols approved
by the Institutional Animal Caring and Using Committee.

Fusion protein and mycobacterial antigen preparation

The fusion protein EAMMH was constructed and purified
as previously reported (24). Briefly, the plasmid encoding
EAMMH was inserted into the multiple cloning sites of the
expression vector pET30a (+). The plasmid was transformed
into the Escherichia coli strain BL21 (DE3) and the fusion
protein was obtained from supernatant. Single recombinant
protein Ag85B, ESAT6 and HspX were purified by Ni-NTA His
column (Novagen) as previously described (23).

Construction and preparation of rAd-mlIL-28B and
rAd-EGFP

The mouse IL-28B gene sequence was sub-cloned into shuttle
plasmid pYr-adshuttle-1. Then the pYr-adshuttle-1-mIL-28B

was constructed into the E3 region of pAd/PL-DEST adeno-
virus expression vector by homologous recombination in
vitro. At last, the plasmid DNA was linearized with Pacl, and
rAd-mlL-28B was packaged in HEK293 cells. Adenoviral titer
was determined by the method of Reed and Muench (25) fol-
lowing by verification of rAd-mIL-28B with PCR analysis. The
recombined adenoviral vector encoding enhanced green flu-
orescent protein (rAd-EGFP), as control of rAd-mIL-28B, was
prepared with the same method.

Vaccine immunization and rAd-mlL-28B treatment

The EAMMH protein 10 pg mixed in adjuvant of DDA (Sigma-—
Aldrich, Poole, UK) 250 pg and Poly I:C (Kaiping Qianniu
Biochemical Pharmaceutical Company Limited, Guangdong,
China) 50 pg, with PBS in a volume of 200 pl was injected
subcutaneously on one side of the groin of mice. At 30min
after protein vaccine immunization, 100 ul (containing 5 x 108
PFU of viruses) of rAd-mIL-28B or rAd-EGFP was injected
at the same site. BCG (Danish 1331; 5x 105 colony forming
units, CFUs) was immunized subcutaneously.

Flow cytometry analysis of Tregs

Spleens from vaccine-immunized mice were aseptically
removed and forced through a 200-mesh nylon strainer. Then
single-cell suspensions were prepared with Lymphocyte-M
(Dakewe Biotech Company Limited, Shenzhen, China) den-
sity gradient centrifugation. After washing with flow cytometry
(FCM) staining buffer, the cells were stained with fluorescein
isothiocyanate (FITC)-conjugated anti-CD4 (RM4-5) and allo-
phycocyanin (APC)-conjugated anti-CD25 (PC61.5) for 30 min
at 4°C away from light. Then after fixation and permeabiliza-
tion, intracellular molecules were stained with PE-conjugated
anti-Foxp3 (FJK-16S). All of the antibodies and reagents for
FCM staining were purchased from eBioscience (San Diego,
CA, USA). FCM was performed by a BD FACS Calibur and
the results were analyzed with FlowJo 7.6.1.

ELISPOT detecting the number of cells secreting IFN-y

IFN-y ELISPOT kits (Dakewe Biotech Company Limited,
Shenzhen, China) were used according to the manufacturer’s
protocol. In brief, freshly isolated spleen cells were seeded
in duplicate at 5x 10° cells per well in 100 pl of RPMI 1640
(HyClone, Logan, UT, USA) supplemented with penicillin,
streptomycin, and 10% fetal calf serum (HyClone) and stimu-
lated with ESAT-6 (10 ng ml-"), Ag85B (5 ng ml-"), and HspX
(10 ng mi~") respectively for 36 h at 37°C, 5% CO,. PHA (1 pg
ml-') was used as a positive control. To assess background
levels of IFN-y secretion, the cells without any stimuli were
used as a negative control. After the cells were removed,
biotinylated antibody solution and streptavidin-HRP solution
were added. At last, 3-amino-9-ethylcarbazole (AEC) sub-
strate solution was added to each well, and the spots were
counted by an ELISPOT reader (Bio-sys, GmbH, Karben,
Germany).

ELISA assay for Ag85B-specific antibodies

After immunization, the Ag85B-specific IgG subclasses IgG1
and IgG2c were measured by ELISA. After being coated with
5 ng ml-" of Ag85B (containing 0.05M buffer bicarbonate, pH

220z 1snBny 9| uo Jasn sansnr Jo Juswedaq ‘S'N Aq 0Z11192///2/82/2101HE/WWIUI/WOS"dNO"OlWaPED.//:SANY WO} PAPEOjUMOQ



9.6) overnight at 4°C, the plates were washed five times with
PBST (PBS containing 0.05% Tween 20). Then the plates were
blocked with 1% BSA (MPBiomedicals, CA, USA) for 1h at
37°C. The BSA was removed and plates were then incubated
with the mouse sera (diluted as 1:100, 1:200, 1:400, 1:800,
1:1600, 1:3200, 1:6400, 1:12800, 1:25600, respectively) for
1h at 37°C. Subsequently, the plates were incubated with the
polyclonal HRP-conjugated second antibodies rabbit anti-
mouse IgG1 (Rockland, PA, USA) or goat anti-mouse IgG2c
(Bethyl, AL, USA) for 1h at 37°C. Color was developed in
tetramethylbenzidine solution for 15min at 37°C away from
light and then was terminated by 50 pl of 2M sulphuric acid
and quantified at 4560nm using a microplate reader (BioTek,
VT, USA).

Protective efficacy assay

Mycobacterium tuberculosis H37Rv was used to challenge
vaccine-immunized mice to analyze the protective efficacy.
The mice were challenged with 50-100 CFUs of virulent
strain H37Rv by aerosol. Ten weeks later, the animals were
sacrificed and the right lobes of the lungs were removed
and homogenized. Serial dilutions of lung homogenates
were plated on 7H11 agar plates (BD, NJ, USA) enriched
with 10% OADC (oleic acid- albumin-dextrose-catalase)
(BD) and supplemented with ampicillin (10 pg ml-*), poly-
myxin B (41 ng ml-') and amphotericin B (4.1 pg ml-") to
avoid contamination. 7H11 plates were incubated at 37°C
and 5% CO, for 3 weeks, and CFUs were counted. The left
lobes of the lungs from infected mice were fixed in 10%
neutral-buffered formalin and processed routinely for his-
topathology. Sections were prepared and stained with
haematoxylin and eosin. The average percentage of granu-
loma area in a section was evaluated from five views distrib-
uted in its center and four corners under low magnification
by a skilled pathologist. This work was performed at the
ABSL-3 Laboratory of Wuhan University.

Statistical analysis

Statistical analysis was done with SPSS 11.5 software. One-
way ANOVA was used. Data were showed as means + SD
of the mean. P-value < 0.05 was considered statistically
significant.

Results

rAd-miL-28B down-regulated Tregs when used with TB
subunit vaccine EAMMH vaccination

We detected the percentage of Tregs in mice immunized with
TB subunit vaccine EAMMH with or without the treatment
of rAd-mIL-28B at 4 weeks after the final immunization via
FCM analysis (Fig. 1A). The results showed that EAMMH vac-
cination did not change the frequency of Tregs comparing
with the group of PBS and BCG immunized mice. However,
with the additional treatment of rAd-mlL-28B, the frequency
of CD4+*CD25*Foxp3* Tregs significantly decreased from
0.69+0.22% t0 0.17+0.17% (P < 0.05; Fig. 2A and B). These
results demonstrated that rAd-mlIL-28B treatment down-regu-
lated Tregs in the spleen after TB vaccine immunization.
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rAd-miL-28B treatment did not enhance the T, 1-type
immune responses induced by EAMMH vaccination

At the fourth week after the last immunization, with the stim-
ulation of ESAT-6, Ag85B or HspX, the frequency of IFN-y-
producing T cells from spleens of the EAMMH/rAd-mIL-28B
immunized mice decreased obviously (Fig. 3). As for the lev-
els of Ag85B-specific antibody, the level of IgG1 in EAMMH/
rAd-mlL-28B group showed a trend of increasing compar-
ing with EAMMH/rAd-EGFP group (Fig. 4A). However, addi-
tional rAd-mIL-28B treatment induced significantly lower
IgG2c than EAMMH alone (P < 0.05; Fig. 4B), and the ratio
of 1gG2¢/IgG1 therefore tended to decrease, although there
was no significant difference (Fig. 4C). These data indicated
that rAd-mlL-28B did not enhance the T, 1-type cell-mediated
immune responses at 4 weeks after treatment.

rAd-miL-28B impaired vaccine-induced immune memory
responses in the BCG-prime and subunit vaccine-boost
strategy

Most people in the world have been vaccinated with BCG,
and the BCG-prime and subunit vaccine-boosting strategy is
believed to be a potential practical way to improve the protec-
tion against TB in adults. Thus, we investigated the effect of
IL-28B in the BCG-prime and subunit vaccine-boost strategy.
Mice were primed with BCG and boosted with the EAMMH with
or without rAd-mIL-28B at the 18th and 21st weeks after BCG
priming (Fig. 1B). To observe the long-term immune memory
induced by vaccination, antigen-specific immune responses
including IFN-y production and serum antibodies were ana-
lyzed 10 weeks after the last immunization. The results showed
that there were lower numbers of IFN-y-producing cells in BCG/
EAMMH/rAd-mIL-28B immunized mice compared to BCG/
EAMMH immunized mice, although the difference was not sig-
nificant (Fig. 5). Meanwhile, the level of Ag85B-specific IgG1
did not increase following rAd-mlIL-28B treatment (Fig. 6A).
The level of Ag85B-specific IgG2c in the BCG/EAMMH-rAd-
mlL-28B group was lower than that of the BCG/EAMMH-rAd-
EGFP group (P = 0.194 at the dilution of 1:100; Fig. 6B), which
led to the decrease of the ratio of IgG2c/IgG1 in mice treated
with rAd-mIL-28B (P = 0.004; Fig. 6C). Taken together, the
results showed that application of rAd-mlIL-28B during vacci-
nation might impair the TB vaccine-induced immune memory.

rAd-mliL-28B treatment did not improve the protective
efficacy of BCG-prime and EAMMH-boost strategy

In the strategy of BCG-prime and EAMMH-boosting, the
mice were challenged with M. tuberculosis H37Rv 13 weeks
after the last EAMMH immunization. The results showed that
there were no differences in the bacteria loads at lung tissues
among all groups immunized with the subunit vaccine when
compared with the BCG group, although BCG-prime and
EAMMH-boost with or without rAd-mlIL-28B obviously reduced
the bacteria loads compared to the PBS group (P < 0.05;
Fig. 7A). Additional rAd-mIL-28B treatment did not induce
lower bacteria loads than the BCG/EAMMH-rAd-EGFP group
or other controls (P> 0.05; Fig. 7A). Moreover, the pathological
analysis showed that following M. tuberculosis challenge the
granuloma area in the lungs of BCG, BCG/EAMMH or BCG/
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Fig. 1. Experimental procedures. As the subunit vaccine is supposed to be a booster of BCG, two immunization strategies were used in the
experiments. (A) The schedule of EAMMH immunization. C57BL/6 mice were immunized subcutaneously with the EAMMH vaccine with or
without rAd-mIL-28B thrice at week 0, 3 and 6. Control mice were just injected with PBS or BCG at week 0. rAd-EGFP was used as a control for
rAd-mlIL-28B. Four weeks after last immunization, the percentage of CD4+*CD25*Foxp3* Tregs, levels of specific antibodies and the number of
spleen lymph cells secreting IFN-y were analyzed. (B) The strategy of BCG-prime and EAMMH-boost. Mice were primed with BCG at week 0
and boosted by the EAMMH vaccine with or without rAd-mIL-28B twice at week18 and 21. Ten weeks after the last vaccination when immune
memory developed, all mice underwent immune assays as above. At week 34, mice were challenged with M. tuberculosis H37Rv by aerosol.

A Gated on small Lymphocytes  Gated on CD4" cells
A ; A
* {CD4 FITC 16.4% L 4.62%
800 1o -
600
PBS 400 o g i
0 : 00
®1cD4 FITC17.1% L 4.66%
800 100 -
BCG 600 .
aec 10
2004 e B
K{cD4 FITC17.3% ot 4.77%
800+ : 2
T L <0.05
Eu 600 B 15-
MMH w
EA E :ZE - w § | :
: o o 2
a|" E b
T | ®|co4FITC18.6% ot 480 &= G
O laoo- x
i) o o
w &00 U
EAMMH-rAd-EGFP i 1o 0.5
400 - g
0 ; 100 3 -
®{CD4 FITC 20.0% ' 0.431% o P Q
200 - = Q& & & & N
600 4 &
EAMMH-rAd-miL-288 a00. R
. & @
— & &
0 M i E (J“
o L v woo i W

CD4 FITC CD25 APC

Fig. 2. rAd-mlIL-28B treatment reduced the percentage of CD4*CD25*Foxp3* cells within splenocytes in the mice vaccinated with EAMMH.
Mice were immunized as the procedure in Fig. 1A. At week 10, isolated spleen cells from immunized mice were stained with FITC-conjugated
anti-CD4, APC-conjugated anti-CD25 and PE-conjugated anti-Foxp3. CD4+*CD25*Foxp3* Tregs were detected via FCM. (A) Three mice per
group were analyzed and the representative results out of three were depicted. (B) Data collected from three mice per group were expressed
as means + SD.

EAMMH-rAd-EGFP groups decreased significantly compared PBS group (P > 0.05; Fig. 7B and C), which indicated that the
with PBS control (P < 0.05), but there was no obvious decrease application of rAd-mIL-28B was detrimental to the protection
in the BCG/EAMMH-rAd-mIL-28B group compared with the induced by the BCG-prime and EAMMH-boost strategy.
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Fig. 3. rAd-mIL-28B treatment did not induce more IFN-y-producing spleen lymphocytes. The procedure of immunization and immunity assay
was shown in Fig. 1A. Isolated spleen cells were plated in duplicate at 5x 10° cells per well and stimulated with ESAT-6 (10 ng ml~'), Ag85B
(5 ng ml") or HspX (10 pg ml-"), respectively. IFN-y-secreting cells were determined by ELISPOT per 5x 10° cells. Data were expressed as
means = SD. n= 3.
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Fig. 4. rAd-mlIL-28B treatment increased Ag85B-specific IgG1 and decreased Ag85B-specific IgG2c following EAMMH vaccination. The pro-
cedure of immunization was performed according to Fig. 1A. At week 10, mice were bled to detect serum antibodies with indirect ELISA. (A)
The level of the Ag85B-specific IgG1. (B) The level of the Ag85B-specific IgG2c. (C) The ratio of IgG2¢/IgG1 when serum was diluted at 1:100.
Data were expressed as means + SD. n = 3.

Discussion adenovirus rAd-mlL-28B and investigated the immune
responses and protective efficacy induced by TB subu-
nit vaccine EAMMH with or without additional rAd-miL-
28B treatment. The results indicated that rAd-mlL-28B

To evaluate the impacts of IL-28B and Tregs on TB vaccine-
induced immunization, we constructed the recombinant
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Fig. 5. The capability to produce IFN-y decreased following the treatment of rAd-mIL-28B in mice primed with BCG and boosted with subunit
vaccine. Mice were immunized according to Fig. 1B. At week 31, 10 weeks after the final immunization, isolated spleen cells from immunized
mice were plated in duplicate at 5 x 10° cells per well and stimulated with ESAT-6 (10 ng ml-"), Ag85B (5 ng ml-") or HspX (10 ng ml-"), respec-
tively. IFN-y-secreting cells were determined by ELISPOT per 5x 10° cells. Data were expressed as means + SD. n = 3.
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Fig. 6. rAd-mIL-28B induced the reduction of anti-Ag85B antibodies in mice primed with BCG and boosted with subunit vaccine. Mice were
immunized according to Fig. 1B. At week 31, the mice were bled to confirm levels of the anti-Ag85B antibodies IgG2c and IgG1 by ELISA. (A)
The level of the Ag85B-specific IgG1. (B) The level of the Ag85B-specific IgG2c. (C) The ratio of IgG2¢/IgG1 when serum was diluted at 1:100.
Data were expressed as means + SD. n = 3.

treatment significantly down-regulated the frequency of IFN-y producing lymphocytes and IgG2c antibodies did
Tregs as expected. However, following rAd-mlIL-28B treat- not increase, but decreased to some degree. Moreover, in
ment, T, 1-type immune responses such as antigen-specific BCG-prime and subunit vaccine-boost strategy, rAd-mIL-28B
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Fig. 7. rAd-mIL-28B treatment did not improve the protective efficacy of BCG-prime and EAMMH-boost strategy following H37Rv challenge.
Mice were primed with BCG and boosted with subunit vaccine, then challenged with H37Rv. The procedure of experiments was shown in
Fig. 1B. (A) At 10 weeks after challenge, the right lobe of the lungs was homogenized and the serial dilutions of the homogenates were plated
on 7H11 agar. The CFUs were counted after incubation at 37°C for 3 weeks. CFUs in the lungs were expressed as means + SD. n>5. *P < 0.05,
**P < 0.01 versus PBS group. (B) At 10 weeks after challenge, the left lobe of the lungs was processed routinely for histopathology to detect
pathologic lesions induced by M. tuberculosis H37Rv challenge. The area ratio of granuloma in sections was expressed as means + SD. n= 5.

(C) The representative pathology lesions of the left lobe of the lungs.

treatment induced more severe pathologic lesions following
the virulent strain H37Rv challenge rather than increase the
protective efficacy.

IL-28B, a member of type-IIl IFNs, has received wide atten-
tionin recent years because of its type-I IFN-like anti-viral activ-
ity (26-29) and immune regulation role in some diseases (30,
31). IL-28B could reduce the number of Tregs and augment
antigen-specific immune response to a multi-clade HIV Gag
antigen in a T, 1-biased fashion and showed the increased
protective effect when used as an adjuvant in DNA vaccina-
tion (21). Therefore, we wondered if IL-28B could down-regu-
late Tregs and enhance the protective efficacy of TB subunit
vaccine. Our experiments showed that rAd-mlIL-28B down-
regulated the frequency of Tregs but did not enhance vaccine-
induced T, 1-type memory immunity. Moreover, rAd-mlIL-28B

treatment did not show any benefits to the protection against
M. tuberculosis in the BCG-prime and EAMMH-boost strategy.
IgG1 and IgG2c class switch are dependent on T 2-
produced IL-4 and T, 1-produced IFN-y in C57BL/6 mice
respectively (32, 33). Therefore, vaccine-induced antigen-
specific IgG1 and IgG2c isotypes could reflect characteris-
tics of immune responses (34). In this study, the IgG subclass
was determined to evaluate the T, 1/T,2 immune balance
regulated by rAd-mlL-28B. Compared to the control group,
additional IL-28B treatment led to a lower ratio of IgG2c¢/IgG1,
which suggested that mice treated with rAd-mIL-28B tended
to induce a T, 2-type rather than T, 1-type immune response.
Tregs could strongly suppress the antigen-specificimmune
responses induced by other T-cell subsets. Attenuation of
Tregs was reported to be a way to improve vaccine induced
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cell-mediated immunity (35). It was reported that depletion of
Tregs with the treatment of denileukindiftitox was associated
with enhanced immune responses to tumor antigen vaccina-
tion (36). Down-regulation of Tregs could enhance the viral
vaccine’s efficacy (37). Jaron et al. administrated anti-CD25
mADb thrice with an interval of 2 weeks to BCG-vaccinated
mice and then challenged the mice with M. tuberculosis.
They found that the mycobacterial load in the lung tissue
of the mice was reduced, compared to that in the control
mice (35). However, the inhibition of Tregs was also reported
to induce variable effects during vaccination. For example,
the similar strategy of Treg attenuation via injection of anti-
CD25 mADb thrice did not enhance the protection of hsp 65
DNA vaccine against M. tuberculosis (17). Quinn et al. (18)
also found that anti-CD25 mAb treatment once prior to vac-
cination with BCG increased the production of T 1 cytokines
but did not reduce the mycobacterial load in the lungs. In
this study, we used rAd-mlL-28B to reduce Tregs in mice
vaccinated with EAMMH and found that the down-regulation
of Tregs did not enhance the vaccine-induced protective
immune responses.

Our work suggested that IL-28B could impair immune
memory by down-regulating Tregs. It is well-known that the
ability of vaccine to confer protection depends on numer-
ous memory cells. In response to antigen stimulation, naive
T cells will differentiate into a large number of short-lived
effector T cells and a small number of long-lived memory
T (Tm) cells which mediate secondary immune responses
(38). Developing of excessive antigen-specific effector T
cells might damage the generation of CD8* Tm cells (39,
40). Removing antigens completely by strong primary
responses was detrimental to the production of CD4* Tm
cells (41). De Goer de Herve et al. reported that Tregs were
required for the generation of functional CD8* Tm cells.
They found that in the absence of Tregs the memory cells
proliferated poorly (40). Accumulated data showed that
lower levels of inflammatory stimulation and a lower amount
of antigens favored the generation of long-lived memory
cells (42). These understandings indicated that inhibition of
Tregs did not always enhance the long-term immune pro-
tection. In present research, we observed that rAd-mlIL-28B
decreased the frequency of Tregs at 4 weeks after the last
vaccination. Morrow et al. (21) also observed that 1L-28B
down-regulated the Tregs at 2 weeks after vaccination. We
found that the reduction of Tregs by rAd-mIL-28B did not
enhance the long-term protective efficacy of EAMMH vac-
cination. The reason may be that additional IL-28B treatment
made EAMMH immunization to induce more effector T cells
rather than long-lived memory T cells.

In conclusion, rAd-mlL-28B reduced the frequency of
Tregs during EAMMH vaccination, but this did not improve
the protective immune responses. The reason might be that
the down-regulated Tregs impaired the vaccine induced T, 1-
type immune memory.
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