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Abstract: Tuberculosis has seriously affected human health, and current situation of prevention and control tuber-
culosis is becoming more and more urgent. Intervention the expression of Mcl-1 can control latent and persistent
TB infection effectively, including virulent and attenuated MTB strains, and has divergent effects between different
host macrophages environment and between different intervention times and methods. Herein, a meta-analysis
was performed by independently searching databases including the Cochrane Library, PubMed, Springer, Embase,
and China National Knowledge Infrastructure, to analyze effects of Mcl-1 intervention on MTB infection. Compared
to controls, MTB infection induced macrophages apoptosis significantly increase in vivo and in vitro macrophages
infected with different virulence of MTB strains (P < 0.0002), and short time’s infection caused more host macro-
phages apoptosis in vivo TB model (P < 0.0002). After Mcl-1 intervention, compared with controls, Mcl-1 induction
rate was significantly increase in H37Ra infection group (95% Cl, 1.51, 3.86; Z = 2.69; P < 0.00002), Mcl-1 induc-
tion rate was also significantly increase in H37Rv infection group (95% Cl, 9.51, 24.28; Z = 16.91; P < 0.00002),
whereas the induction relative weaker in other MTB strains infection group. Short Mcl-1 intervention time signifi-
cantly increased host macrophages apoptosis infected BCG and H37Rv (P < 0.00001), but the effect was relatively
decrease in other MTB strains infection group (P = 0.006), while it have no significantly differences in H37Ra infec-
tion group (P = 0.15). However, Long Mcl-1 intervention time increased macrophages apoptosis in all MTB strains (P
< 0.00001). These findings may provide a theoretical basis for the interaction between host macrophages and MTB
and Mcl-1 intervention introduce to control latent and persistent TB infection.

Keywords: Mcl-1, macrophages apoptosis, systematic review and meta-analysis

Introduction ing the elimination of host immune responses
[3, 4]. As such, the long-term latent infection
and persistent infection in host macrophages

becomes the main difficulties of control and

Tuberculosis (TB) is a worldwide infectious dis-
eases caused by Mycobacterium Tuberculosis

(MTB). Based on the Bulletin of the World He-
alth Organization (WHO), one-third of the wo-
rld’s population may be asymptomatically in-
fected with tuberculosis (TB) [1]. TB has been a
remarkable public health issue in mainland
China, and 80% of new TB cases worldwide ha-
ve been reported in China each year. In 2013,
an estimated 9.0 million individuals developed
TB and 1.5 million died. China alone accounted
for 11% of the total cases worldwide [2].
However, MTB remains to survival within infect-
ed macrophages for prolonged periods by evad-

prevention TB. In addition, its incidence and the
prevalence of Multidrug Resistant-TB (MDR-TB)
have increased [5], while our tools to combat
MDR-TB are unsatisfactory and not ideal. Ho-
wever, studies have found that inhibit the
expression of Mcl-1 can effectively promote the
MTB infection of host macrophage apoptosis,
so as to achieve the purpose of persistent infec-
tion with the tuberculosis control in recent
years. So the research on the basis of the litera-
ture retrieval using meta-analysis was carried
out on the experimental data published at


http://www.ijcem.com
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Table 1. Characteristics of the studies included in the meta-analysis

) Type of TB Time of Mcl-1 Type of Mcl-1 Outcome
First Author (Year) Language n yp Type of MTB . . -yp . .
model intervention intervention Indicators
Wang FY 2016 [7] English 10  Invivo, in vitro H37Rv 24 h;3d RNAi 1,2
Wang 2016 [8] English 3 In vivo BCG, H37Ra, H37Rv, XJ-MTB 1,3,57d Signaling pathway 1,2
intervention
Marriott HM 2005 [9] English 7 In vivo Pneumoniae <24 h RNAI 1,2
Sly LM 2003 [10] English 5  Invivo, in vitro H37Ra, H37Rv 4,16, 24,48 h RNAi 1,2
Kumar R 2016 [11] English In vivo, in vitro H37Rv <24 h RNAI; Signaling 1,2
pathway intervention
Palaga T 2013 [12] English 3 In vivo, in vitro BCG <24 h RNAI 1,2
Wu XL 2014 [13] English 15 In vitro BCG 6, 12, 24,36 h Signaling pathway 1
intervention
Wang FY 2015 [14] Chinese 10 In vivo BCG, H37Ra, H37Ry, XJ-MTB 1,3,5,7d  RNAI 1,2
Wu 2014 [15] Chinese 15 In vitro BCG 6,12, 24,36 h Signaling pathway 1
intervention
Zhang YQ 2015 [16] Chinese 10 In vivo H37Rv 5d Signaling pathway 1

intervention

Note: n = the number in the experimental group; 1 = Apoptosis rate, 2 = Mcl-1 induction rate.

162 studies were
searched preliminary

103 studies were
excluded (review and
repetitive

publication studies)

I 59 studies I -
11 studies were
| excluded (studies have
no full article or only
[ 48studies | abstract)

38 studies were
excluded (studies have
no outcome indicators
we need)

10 studies were
included at last

Figure 1. Flowchart.of search strategy.

home and abroad in recent years, comprehen-
sive analysis, aimed to explore inhibit Mcl-1
expression for MTB infected macrophage apop-
tosis regulation function, for mycobacterium
tuberculosis and the principle of the interaction
between the host and provides the reference
for the prevention and control of tuberculosis.

Methods
Search strategy

Using the PICO principle [6], searches were per-
formed using the following electronic databas-
es: the Cochrane Library, PubMed, Embase,
Springer, Web of Science, China Science and
Technology Journal Database (CSTJ), and China
National Knowledge Infrastructure (CNKI) (last
search conducted in July 2017). The key search
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string was (Mcl-1) AND (MTB) OR (Macrophag-
es) OR (Infection) OR (Apoptosis) OR (TB) OR
(Tuberculosis).

Inclusion criteria

We systematically reviewed published studies
according to the following inclusion criteria any
animal and cells lines, category not limited,
published in either Chinese or English. Mcl-1
intervened by any kind of method in TB model
groups, and its compounds were used as the
experimental groups, and the untreated served
as control groups. If various intervention meth-
ods of Mcl-1 were used in the study, the best
intervention was chosen for this analysis. If
various intervention times of Mcl-1 were used
in a study, the longest time was chosen for this
analysis.

Exclusion criteria

The exclusion criteria were as follows: (1) repeat
publications; (2) incomplete information; (3)
insufficient or insignificant statistical data; (4)
unrelated to the study objectives; (5) lack of
appropriate controls; and (6) review articles.

Outcome indicators

Host macrophage apoptosis rate: including ap-
optosis rate detected by FCM (Flow of cytome-
try), and TUNEL technology (Terminal deoxynu-
cleotidyl transferase-mediated dUTP nick end
labelling) detected apoptosis rate. Mcl-1 induc-
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tion rate: mainly including Western blot mea-
sured result of Mcl-1/B-actin.

Data collection

Two reviewers (Xiao-fang Wang and Xin-min
Wang) independently extracted data and cross-
checked their data after aggregating the re-
sults. The following information was extracted
from the complete manuscripts of each quali-
fied study: publication characteristics (title of
the study, first author, publication date, and
journal/magazine title), baseline data (mean
and standard deviation [SD]) for the experimen-
tal and control groups, subject characteristics
(source of cells and tissue, arsenic doses and
exposure times), outcome indicators, and the
source of indicator estimates. This information
is presented in Table 1. When the two review-
ers’ opinions differed, Disagreements were
resolved by discussion with Professor Le Zhang,
was asked to make the final decision regarding
the results.

Data analysis

Ten articles were analyzed in Review Manager
Version 5.3 (The Nordic Cochrane Centre, The
Cochrane Collaboration, 2012, Portland Ore-
gon, OR, USA). Significant heterogeneity was
detected (p < 0.05, I1°>75%) and a random
effects model was therefore applied for the
meta-analysis. A multivariate meta-regression
analysis was performed to determine the so-
urce of heterogeneity and continuous variables
were estimated as standardized mean differ-
ences (SMDs) with 95% confidence intervals
(Cls) between the arsenic treated groups and
control groups. All reported p-values are two-
sided and a significance level of 0.05 was used.
For additional insight, subgroup analyses were
performed based on TB models (MTB infection
in vivo; MTB infection in vitro) and intervention
time (£24 h or >24 h), based on the median of
the indexes reported in the papers, to deter-
mine the factors associated with differences in
the outcome indicators across different stud-
ies. Small-study effects were explored using
funnel plots and Egger’s tests and study sensi-
tivities were assessed. Sensitivity analyses
were performed using Stata 12.0 (StataCorp,
College Station, Texas, TX, USA).
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Results
Search result

Figure 1 shows the study selection process, 10
relevant articles were identified. Initially, 162
articles were included in our search strategy.
Finally, a total of 12 articles were included in
the analysis, based on the inclusion and exclu-
sion criteria. A total of 9 studies assessed
Mcl-1 intervention in vitro TB model, 6 studies
examined Mcl-1 intervention in vivo TB model
(Table 1).

Study characteristics

Using the search strategy described in Section
2, 162 relevant articles were identified (Figure
1), of which 10 were used for the meta-analysis
based on the eligibility and exclusion criteria
(Table 1). Various cell lines and animals were
used as TB model groups in these studies, and
in each study, the effect of Mcl-1 intervention
on the MTB infection was assessed. The Mcl-1
intervention groups were primarily cell lines
and animals treated with various MTB strains
(e.g. BCG, H37Ra, H37Rv, XJ-MTB, Pneumoco-
ccus), and the control models were blank con-
trols. Alone MTB infection was categorized as
either in vivo TB model (n = 8) or in vitro TB
model (n = 6). Mcl-1 intervention time varied
among the studies and was categorized as <24
h (n=9) or >24 h (n = 7), Mcl-1 intervention
methods was categorized as RNAi (n = 5) or sig-
naling pathway intervention (n = 5). Mcl-1
induction rate also varied among the studies,
and was categorized as either in vivo TB model
(n=7) orin vitro TB model (n = 4).

Results of the meta-analysis

The influence of MTB infection alone on host
macrophages apoptosis

A total of 8 studies were included in this study,
and of these, 8 estimated the impact of alone
MTB infection by host macrophages apoptosis.
A pooled analysis showed that BCG, H37Ra,
H37Rv, and other MTB strains infection were
28.64, 56.24, 42.07, 28.09-fold higher than
the control group (BCG group: 95% ClI, 17.04-
40.24; Z = 4.84; p < 0.00001; H37Ra group:
95% ClI, 26.25-86.23; Z = 3.68; p = 0.0002;
H37Rv group: 95% Cl, 26.71-57.43; Z=5.37; p
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Std. Mean Difference
IV, Random, 95% ClI

MTB infection Control Std. Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI
2.1.1 BCG infection in vivo model
Wang 2016 186 0.3 10 103 041 10 9.6% 35.55[23.22,47.88)
Wang FY 2015 184 0.3 10 97 04 10 106% 23.57 [15.37,31.76)
Subtotal (95% CI) 20 20 20.2% 28.64 [17.04,40.24]
Heterogeneity: Tau®= 43.27, Chi*= 252, df=1 (P=0.11), F= 60%
Testfor overall effect: Z= 4.84 (P < 0.00001)
2.1.2 H37Ra infection in vivo model
Sly LM 2003 29 041 5 2 01 5 0.4% 243.87[106.57,381.17)
VWang 2016 17 01 10 103 015 10 81% 50.34 [32.91,67.77)
Wang FY 2015 18 015 10 97 02 10 87% 44,97 [29.39, 60.54]
Subtotal (95% CI) 25 25 17.2% 56.24 [26.25, 86.23]

Heterogeneity: Tau®= 418.83; Chi*=8.02, df=2 (P=0.02); F=75%
Testfor overall effect: Z= 3.68 (P = 0.0002)

2.1.3 H37Rv infection in vivo model

Sly LM 2003 21 03 5 2 01 5 32% 76.75[33.52,119.97]
Wang 2016 16.2 0.3 10 103 015 10 10.6% 23.83[15.54,32.11)
Wang FY 2015 154 0.2 10 97 02 10 10.3% 27.30[17.82,36.78]
Wang FY 2016 173 01 10 89 02 10 81% 50.88 [33.26, 68.50]
Zhang Y@ 2015 251 0.2 10 12 02 10 7.0% 62.73[41.02,84.44]
Subtotal (95% CI) 45 45  39.1% 42.07 [26.71, 57.43]

Heterogeneity: Tau®= 21456, Chi*= 20.85, df= 4 (P=0.0003), = 81%
Test for overall effect. Z= 5.37 (P = 0.00001)

2.1.4 Other MTB infection in vivo model

Marriott HM 2005 28 02 7 2 01 7 1.6% 153.94[8667,221.22)
VWang 2016 158 0.3 10 103 015 10 10.7% 22.21[14.48,29.94)
Wang FY 2015 141 03 10 97 02 10 11.1% 16.53[10.75,22.31]
Subtotal (95% CI) 27 27 23.4% 28.09 [9.67,46.51]

Heterogeneity: Tau®= 176.91; Chi*=16.81, df= 2 (P = 0.0002), F= 88%
Test for overall effect: Z= 2,99 (P = 0.003)

Total (95% CI) 117 117 100.0%
Heterogeneity: Tau®= 180.90, Chi*= 74.84, df=12 (P < 0.00001), F=84%
Testfor overall effect: Z= 8.22 (P < 0.00001)

Testfor subgroup differences: Chi*=4.39. df= 3(P=0.22). F= 31.6%

37.78 [28.77,46.79]

-

—el———

100 -50 |
Favours [experimental]

0
Favours [control]

Figure 2. Effects of alone MTB infection in vivo TB model. Forest plot showing the impact of Mcl-1 intervention by
different methods compared with controls. Abbreviations: SMD = standardized mean difference, IV = independent
variable, 95% Cl = 95% confidence interval.

MTB infection Control Std. Mean Difference Std. Mean Difference
Study or Su Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random. 95% CI
2.2.1 BCG infection in vitro model
Wu 2014 35 06 15 2 01 15 21.1%  74.65(54.37,94.93] s
Wi XL 2014 42 141 15 28 041 15 233%  48.83[35.56,62.11) —
Subtotal (95% CI) 30 30 44.3%  60.56 [35.36, 85.75] —~i—
Heterogeneity: Tau®= 256.76; Chi*= 4.36, df=1 (P = 0.04); F= 77%
Test for overall effect: Z=4.71 (P < 0.00001)
2.2.2 H37Ra infection in vitro model
Sly LM 2003 18 01 5 85 01 5 11.9% 8581[37.48,134.13] ——*
Subtotal (95% CI) 5 5 11.9% 85.81[37.48,134.13] ——
Heterogeneity: Not applicable
Test for overall effect: Z= 3.48 (P = 0.0005)
2.2.3 H37Rv infection in vitro model
Sly LM 2003 12 02 5 85 01 5 238% 19.99 [8.67, 31.32] —
Wang FY 2016 141 03 3 74 01 3 200% 23.97 (0.77,47.17) T
Subtotal (95% CI) 8 8 43.8% 2076 [10.58, 30.94] -
Heterogeneity: Tau®= 0.00; Chi*=0.09, df=1 (P=0.76); F=0%
Test for overall effect: Z= 4.00 (P < 0.0001)
Total (95% Cl) 43 43 100.0% 46.82[23.96, 69.68] ——
Heterogeneity: Tau®= 538.79; Chi*= 29.98, df= 4 (P < 0.00001); #= 87% Ho0 s 3 P 100

Test for overall effect: Z= 4.01 (P < 0.0001)
Test for subgroup differences: Chi*= 13.85. df= 2 (P = 0.0010). F= 85.6%

Favours [experimental] Favours [control]

Figure 3. Effects of alone MTB infection in vitro TB model. Forest plot showing the impact of Mcl-1 intervention by
different methods compared with controls. Abbreviations: SMD = standardized mean difference, IV = independent
variable, 95% Cl = 95% confidence interval.

< 0.00001; Other MTB str

9.67-46.51; Z = 2.99; p =

6400

ains group: 95% Cl,
0.003) in vivo TB

heterogeneity (p = 0.11; I

model, while only BCG group with no significant

60%; Figure 2).
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H37RV infection Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean _ SD Total Mean SD Total Weight IV, Random. 95% CI IV, Random, 95% CI
12.2.1 Apoptosis rate in vivo TB model (24h and 24h.)
Palaga T 2013 56 03 3 26 02 3 82% 8.41[0.18,18.64] —
‘Wang 2016 154 03 3 107 042 3 12% 16.82[0.50,33.13] -
Wang FY 2015 141 03 10 74 04 10 84%  18.15[11.81,24.49) -
Wang FY 2016 173 01 10 89 02 10 7.0% 50.88 [33.26, 68.50) -
Zhang YQ 2015 251 02 10 12 02 10 63%  62.73[41.02 84.44]
Subtotal (95% Cl) 36 36 371%  29.35[13.84,44.86] ‘
Heterogeneity. Tau* = 257.30; Chi*= 32.20, df= 4 (P < 0.00001); = 88%
Test for overall effect Z=3.71 (P = 0.0002)
12.2.2 Apoptosis rate in vitro TB model (24h and 24h-)
Sly LM 2003 18 01 5 85 01 5 31% 85.81([37.48,134.13] EE————
Sly LM 2003 29 0.2 L} 2 02 5  1.3% 154.24 [67.40, 241.08) —
Wang FY 2016 101 0.3 3 74 01 3 81% 9.66(0.20,19.12) —
Wu 2014 35 0.6 15 2 01 15  66% 74.65(54.37,94.93]
Wu XL 2014 34 055 15 18 015 15 8.0% 38.62([28.11,49.13) I
Subtotal (95% Cl) 43 43 27.0%  56.79 [26.59, 86.99] —i—
Heterogeneity: Tau® = 888.37, Chi*= 51.94, df= 4 (P < 0.00001); F= 92%
Testfor averall effect: Z= 3.69 (P = 0.0002)
12.2.3 Apoptosis rate in vivo TB model (24h+)
Sly LM 2003 173 04 10 89 02 10 7.0% 50.88 [33.26, 68.50] -
Yang 2016 16.2 02 3 103 01 3 53% 29.85(0.98, 58.72)
Wang FY 2015 56 03 5 10 01 5 09% 185.81[81.19, 29043] —
Wang FY 2016 154 0.2 10 97 02 10 81% 27.30[17.82, 36.79) I
Zhang YQ 2015 251 0.2 10 12 02 10  6.3% 62.73[41.02, 84.44]
Subtotal (95% CI) 38 38 27.6%  47.95[26.06, 69.85] i
Heterogeneity: Tau*= 416.97; Chi*= 19.81, df= 4 (P = 0.0005); = 80%
Testfor averall effect: Z= 4,29 (P < 0.0001)
12.2.4 Apoptosis rate in vitro TB model (24h+)
Sly LM 2003 22 03 5 175 02 5 82% 15.94 [6.88, 25.00] -
Subtotal (95% Cl) 5 5 8.2% 15.94 [6.88, 25.00] ‘
Heterogeneity: Not applicable
Test for overall effect: Z= 3.45 (P = 0.0006)
Total (95% CI) 122 122 100.0%  38.71[28.21,49.21] <>
Heterogeneity: Tau?= 329.25; Chi®= 123.60, df= 15 (P < 0.00001); IF= 88% F 100 50 5 5?0 100=

Testfor averall effect: Z=7.23 (P < 0.00001)

Favours [experimental] Favours [control
Test for subgroup differences: Chi*= 12.60. df= 3 (P = 0.006). F= 76.2% avours [experimental] Favours [control)

Figure 4. Effects of alone MTB infection in vivo and in vitro TB model. Forest plot showing the impact of Mcl-1 in-
tervention by different methods compared with controls. Abbreviations: SMD = standardized mean difference, IV =
independent variable, 95% Cl = 95% confidence interval.

Table 2. The apoptosis rate comparison of different models in MTB infection
In Vitro TB model

In Vivo TB model

Index

N n p SMD 95% ClI N n p SMD 95% ClI
<24 h 5 36 0.0002 371 13.84, 44.86 5 43 0.0002 56.79 26.59,86.99
>24 h 5 38 <0.0001 4795 26.06,69.85 1 5 0.0006 1594 6.88,25.00
BCG group 2 20 0.005 28.64 17.04, 40.24 2 30 <0.00001 60.56 35.36,85.75
H37Ra group 3 25 0.0002 56.24 26.25,86.23 1 5 0.0005 85.81 37.48,134.13
H37Rv group 5 45 <0.00001 42.07 26.71,57.43 2 8 <0.00001 20.76 10.58,30.94

Other MTB group 3 27 0.003 28.09 9.67,46.51 0 O 0 0 0,0

N = the number of documents; n = the number of samples. 95% Cl = 95% confidence interval. SMD = standardized mean
difference.

Pooled analysis showed that there were 60.56,
85.81, 20.76-fold higher than the control group
(BCG group: 95% Cl, 35.86-85.75; Z=4.71; p <
0.00001; H37Ra group: 95% Cl, 37.48-134.13;

model, but only BCG group with significant het-
erogeneity (p = 0.04; I = 77%; Figure 3).

In subgroup analyses, the analysis based on

Z = 3.48; p = 0.0005; H37Rv group: 95% ClI,
10.58-30.94; Z = 4.0; p < 0.00001) in vitro TB

6401

the source of macrophages (in vivo TB model
vs. in vitro TB model) and MTB infection time
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MTB infection Control
Study or Subgroup Mean  SD Total Mean SD Total Weight

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

1.1.1 Mcl-1 induction in BCG infection

Wang 2016 1.2 015 3 1 001 3 105%
Wang FY 2015 115 02 10 11 001 10 116%
Wu XL 2014 135 02 15 102 01 10 115%
Subtotal (95% ClI) 28 23 33.6%

Heterogeneity. Tau®= 0,64, Chi*= 551, df= 2 (P = 0.06), F= 64%
Test for overall effect: Z=1.98 (P = 0.05)

1.1.2 Mcl-1 induction in H37Ra infection

Wang 2016 135 015 3 1 00 3 85%
Wang FY 2015 1.2 041 10 1 001 10 11.3%
Subtotal (95% CI) 13 13 20.8%

Heterogeneity. Tau®= 0.00; Chi*=0.00,df=1 (P=0.97), F=0%
Test for overall effect: Z= 4.47 (P < 0.00001)

1.1.3 Mcl-1 induction in H37Rv infection

1.51 [0.66, 3.67) r
0.34 -0.55,1.22)
1.90[0.91, 2.88) r

1.17 [0.01, 2.33]

2,63 [-0.37, 5.64) I~
2.70[1.42,3.98) "
2.69 [1.51, 3.86] {

Kumar R 2016 59 02 3 104 3 07%  24.79(0.80,48.79]

Sly LM 2003 48 02 5 31 1 48% 7.20 (-0.08, 14.48) —

Wang 2016 385 015 3 11 001 10 1.2%  39.60(21.32,57.88] e
Wang FY 2015 38 016 10 11 005 10 45% 21.82[14.22,29.41) —

Wang FY 2016 388 02 10 1.2 002 10 56% 18.06[11.75,24.37) -

Wang FY 2016 268 022 10 1.2 01 10 95% 8.30(5.30,11.29) -

Subtotal (95% CI) 4 44 263%  16.91[9.54,24.28] L 4
Heterogeneity: Tau®= 57.74; Chi*= 27.22, df= 5 (P < 0.0001); F= 82%

Test for overall effect: Z= 4.50 (P < 0.00001)

1.1.4 Mcl-1 induction in other MTB infection

Marriott HM 2005 1.3 02 7115 001 7 11.4% 0.99[-0.14,2.13] 1

Wang 2016 46 015 3 11 005 3 07%  25.04([0.81,49.28)]

Wang FY 2015 42 03 10 11 006 10 7.2%  13.72[8.90,18.55) —

Subtotal (95% CI) 20 20 19.3%  9.90[-1.91,21.72] .
Heterogeneity: Tau? = 82.79; Chi*= 28.91, df = 2 (P < 0.00001); F= 93%

Test for overall effect: Z=1.64 (P=0.10)

Total (95% Cl) 102 100 100.0% 6.01[3.94, 8.07] L]
Heterogeneity: Tau®= 9.35; Chi®= 133.82, df = 13 (P < 0.00001); I*= 90% PTT 0 o = 00

Test for overall effect. Z= 5.71 (P < 0.00001)

Test for subgroup differences: Chi*= 20.60. df= 3 (P = 0.0001). F= 85.4%

Favours [experimental] Favours [control]

Figure 5. Effects of Mcl-1 induction by different MTB. Forest plot showing the impact of Mcl-1 intervention by dif-
ferent methods compared with controls. Abbreviations: SMD = standardized mean difference, IV = independent

variable, 95% Cl = 95% confidence interval.

(>24 h vs. £24 h) was conducted. The analysis
demonstrated that short infection time (<24 h)
promote macrophages apoptosis in vitro TB
model (95% Cl, 26.59-86.99; Z = 3.69; p =
0.0002), and there were 56.79-fold higher than
the control group, with significant heterogene-
ity (p < 0.00001; 1> = 92%; Figure 4; Table 2).
Long infection time (>24 h) were 47.95-fold
higher than the control group (95% Cl, 26.06-
69.85; Z2=4.29; p <0.00002) in vivo TB model,
with significant heterogeneity (p = 0.0005; I? =
80%; Figure 4; Table 2).

The effects of Mcl-1 intervention on host mac-
rophages apoptosis infected MTB

Considering special role of Mcl-1 in MTB infec-
tion, firstly, we pooled analyzed Mcl-1 induction
rate in alone MTB infection. The meta-analysis
results showed that H37Rv infection induced
16.91-fold Mcl-1 expression higher than the
control group (BCG group: 95% Cl, 9.54-24.28;
Z=4.5; p <0.00001), and with significant het-
erogeneity (p < 0.0001; I? = 82%; Figure 5).
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However, BCG, H37Ra, and other MTB strains
infection either induced less Mcl-1 expression
compared with H37Rv infection group. The next
analyses were the effects of Mcl-1 interven-
tion.

The subgroup analysis based on Mcl-1 inter-
vention time (>24 h vs. <24 h) and Mcl-1 inter-
vention method (RNAi vs. Signaling pathway
intervention) was conducted. The analysis
showed that Mcl-1 intervention in short BCG,
H37Rv, and other MTB strains infection time
(£24 h) caused 26.84, 38.11, 46.49-fold host
macrophages apoptosis higher than the control
group (BCG group: 95% Cl, 17.37-36.11; Z =
5.59; p < 0.00001; H37Ra group: There was no
significant difference; p = 0.15; H37Rv group:
95% Cl, 24.61-51.62; Z = 5.53; p < 0.00001;
Other MTB strains group: 95% Cl, 13.27-79.72;
Z = 2.74; p = 0.003), while only H37Rv group
with no significant heterogeneity (p = 0.16; I> =
38%; Figure 6; Table 3). Mcl-1 intervention in
long BCG, H37Ra, H37Rv, and other MTB

Int J Clin Exp Med 2018;11(7):6397-6407
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Mcl-1 intervention Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
11.1.1 Mcl-1 intervention in BCG infection(24h and 24h.)
PalagaT 2013 56 0.3 3 26 0.2 3 1.2%  94.14[3.22,185.05) >
Wang 2016 299 0.4 3 175 03 3 57% 28.06 [0.92, 55.20] -
Wang FY 2015 334 03 10 174 04 10 7.7%  43.34[28.33,58.36] —_—
WWu 2014 52 0.8 15 35 06 15 88% 23.3917.00,29.78] -
Wu XL 2014 41.7 0.5 15 322 05 15 89% 18.49[13.42, 23.56) -
Subtotal (95% CI) 46 46 32.3% 26.74 [17.37, 36.11] <>
Heterogeneity: Tau*= 56.75, Chi*=12.39, df= 4 (P = 0.01), F=68%
Test for overall effect: Z= 5.59 (P < 0.00001)
11.1.2 Mcl-1 intervention in H37Ra infection(24h and 24h-)
SlyLM 2003 185 0.1 5 18 0.3 5 91% 2.0210.34,3.70) r
Wang 2016 218 015 3 168 01 3 52% 31.38[1.04,61.72)
Wang FY 2015 29.3 0.2 10 168 0.1 10 58% 75.72([49.52,101.92] —F
Subtotal (95% CI) 18 18  20.2% 35.21[-12.39,82.81] —""‘
Heterogeneity: Tau®= 1635.51; Chi*= 33.78, df= 2 (P < 0.00001); F= 94%
Test for overall effect Z=1.45(P=0.15)
11.1.3 Mcl-1 intervention in H37Rv infection(24h and 24h-)
Sly LM 2003 37 0.1 5 21 03 5 44% 64.63([28.22,101.04] EEEEE——
Shy LM 2003 28 0.2 5 12 03 5 50% 56.68(24.75 8862] A
Wang 2016 237 0.4 3 154 02 3 6.8% 21.00 [0.66, 41.34)
Wang FY 2015 245 0.3 10 141 02 10 7.9% 38.07 [25.53,52.61) I
Wang FY 2016 251 0.3 3 144 03 3 56% 28.53[0.93,56.13] -
Subtotal (95% CI) 26 26 29.8%  38.11[24.61,51.62] -
Heterogeneity: Tau®= 88.40; Chi*=6.50, df= 4 (P = 0.16), F=38%
Test for overall effect: Z=5.53 (P < 0.00001)
11.1.4 Mcl-1 intervention in other MTB infection(24h and 24h-)
Sly LM 2003 28 0.2 7 2 02 7 28% 121.70([68.51,174.89) m—
Wang 2016 198 015 3 147 02 3 B.5% 23.08[0.74, 45.42]
Wang FY 2015 244 0.4 10 133 03 10 84%  30.07[19.63, 40.50] -
Subtotal (95% CI) 20 20 17.6%  46.49[13.27,79.72] “""
Heterogeneity: Tau®= 649.56, Chi*= 11,66, df= 2 (P = 0.003); F= 83%
Test for overall effect: Z= 2.74 (P = 0.006)
Total (95% CI) 110 110 100.0% 3528 [24.63, 45.93] >
Heterogeneity: Tau®= 324.68; Chi*= 219.17, df= 15 (P < 0.00001); = 93% Hoo e : = o0

Test for overall effect: Z= 6.49 (P < 0.00001)

Testfor subaroup differences: Chi*= 2.72.df= 3(P = 0.44). F=0% Favours [experimental] Favours [control]

Figure 6. Effects of Mcl-1 was interfered within 24 h. Forest plot showing the impact of Mcl-1 intervention by differ-
ent methods compared with controls. Abbreviations: SMD = standardized mean difference, IV = independent vari-
able, 95% Cl = 95% confidence interval.

Table 3. The comparison of different Mcl-1 intervention time

<24 h >24 h
Index
N n p SMD 95% Cl N n p SMD 95% ClI

BCG treatment group 5 46 <0.00001 26.74 17.37,36.11 4 43 <0.00001 30.46 18.06,42.85
H37Ra treatment group 3 18 0.15 35.21 -13.39,82.81 3 16 <0.00001 61.96 42.5,81.42
H37Rv treatment group 6 26 <0.00001 38.11 24.61,51.62 4 28 <0.00001 46.37 27.55,65.19
Other MTB treatment group 3 20 0.006 46.49 13.27,79.72 2 13 <0.00001 40.41 27.01,53.21
Total effect 17 110 <0.00001 35.28 24.63,45.93 13 100 <0.00001 40.13 30.63,49.64

N = the number of documents; n = the number of samples.95% Cl = 95% confidence interval. SMD = standardized mean difference.

strains infection time (>24 h) caused 30.46,
61.96, 46.37, 40.11-fold higher than the con-
trol group (BCG group: 95% Cl, 18.06-42.85; Z
= 4.82; p < 0.00001; H37Ra group: 95% Cl,
42.50-81.42; Z = 6.24; p < 0.00001; H37Rv
group: 95% Cl, 27.55-65.19; Z = 4.83; p <
0.00001; Other MTB strains group: 95% ClI,
27.01-53.21; Z = 2.74; p < 0.00001) in vitro TB
model, but BCG and H37Rv group with no sig-
nificant heterogeneity (H37Ra group: p = 0.51;
I = 0%; Other MTB strains group: p = 0.79; I> =
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0%,; Figure 7; Table 3). Obviously, the effect of
signaling pathway intervention method was
weak than RNAi, and RNAI included in every
studies that we chose articles, while take into
account the intersection of the two, so we didn’t
have any in-depth analysis.

Sensitivity analysis

As H37Rv infection for example, we conducted
a sensitivity analysis for the TB model, Mcl-1
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Mcl-1 intervention Control
Study or Subgroup Mean SD Total Mean SD Total Weight

10.1.1 Mcl-1 intervention in BCG infection(24h+)

Wang 2016 241 0.4 3 1886 02 3 109%
Wang FY 2015 40 0.4 10 184 03 10  86%
Wu 2014 41 0.7 15 28 02 15 131%
Wu XL 2014 85 1.4 15 42 11 15 12.4%
Subtotal (95% CI) 43 43  451%

Heterogeneity: Tau®= 120.26; Chi*=15.15, df= 3 (P = 0.002); F= 80%
Test for overall effect: Z= 4.82 (P < 0.00001)

10.1.2 Mcl-1 intervention in H37Ra infection(24h+)

Sly LM 2003 38 015 3 171 04 3 05%
Wang 2016 337 045 3 171 02 3 15%
Wang FY 2015 341 0 10 18 02 10 85%
Subtotal (95% CI) 16 16 10.6%

Heterogeneity. Tau®= 0.00; Chi*=1.35,df= 2 (P = 0.51); F= 0%
Testfor averall effect: Z= 6.24 (P < 0.00001)

10.1.3 Mcl-1 intervention in H37Rv infection(24h+)

Sly LM 2003 545 0.3 5 22 02 5 1.9%
Wang 2016 26.6 0.4 3 162 02 3 70%
Wang FY 2015 282 0.4 10 154 045 10 10.7%
Wang FY 2016 26.1 0.1 10 173 02 10 9.2%
Subtotal (95% CI) 28 28 28.8%

Heterogeneity: Tau®= 202.30; Chi*= 7.68, df= 3 (P = 0.05); F=61%
Test for overall effect: Z= 4.83 (P < 0.00001)

10.1.4 Mcl-1 intervention in other MTB infection(24h+)

Wang 2016 226 015 3 147 02 3 49%
Wang FY 2015 275 035 10 136 03 10 10.7%
Subtotal (95% CI) 13 13 15.6%

Heterogeneity: Tau®= 0.00; Chi*= 0.07,df=1 (P=0.79); F= 0%
Test for overall effect: Z= 6.00 (P < 0.00001)

Total (95% CI) 100 100 100.0%
Heterogeneity: Tau®= 167.60; Chi*= 43.06, df= 12 (P < 0.0001), F=72%
Testfor averall effect: Z= 8.28 (P < 0.00001)

Testfor subgroup differences; Chi*=7.56. df= 3 (P = 0.06). F= 60.3%

Std. Mean Difference Std. Mean Difference
IV, Random, 95% CI IV, Random, 95% Cl
13.91 [0.38, 27.44]
58.51(38.26, 78.77)
24,57 [17.86, 31.28] —
33.23(24.18, 42.28) ——
30.46 [18.06, 42.85) -

131.16 [4.50, 257.82) —
75.12[2.57,147.68) g
59.11 [38.65, 79.57) —_—
61.96 [42.50, 81.42) e

11514 [50.31,179.97) E—
26.31 [0.85, 51.77) N
40.58 [26.52, 54.65) —
53.30 [34.85, 71.76] —_—
46.37 [27.55, 65.19] ~
35.75[1.19, 70.31)
40.84 [26.69, 54.99) —_—
40.11 [27.01, 53.21] -
40.13 [30.63, 49.64] 2
100 -50 50 100

Favours [experimental] Favours [control]

Figure 7. Effects of Mcl-1 was interfered after 24 h. Forest plot showing the impact of Mcl-1 intervention by different
methods compared with controls. Abbreviations: SMD = standardized mean difference, IV = independent variable,

95% Cl = 95% confidence interval.

intervention time, and Mcl-1 induction rate of
H37Rv infection group, respectively (see App-
endix 1). All of the included studies were distrib-
uted evenly from the central line, with no signifi-
cant deviation. Therefore, no individual study
affected the pooled effect results.

Discussion

Multidrug-resistant MTB in recent years as the
popularity of mixed infection with HIV, TB con-
trol situation is more serious, tuberculosis (TB)
has become a threat to people’s life and health
of all infectious disease leading killer [17, 18].
However, the detail interaction mechanism of
Mycobacterium tuberculosis (MTB) with host
macrophages is unclear. In our study found that
MTB infection in a short time will cause more
macrophages apoptosis in vitro TB model, and
BCG induced host macrophages apoptosis was
higher than other MTB strains in vitro TB model.
While long time MTB infection cause more host
macrophage apoptosis in vivo TB model, H37Ra
and H37Rv infection were higher than other
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MTB strains in vivo TB model. It explained the
consequences of mycobacterium tuberculosis
infection and TB occurs or not is closely related
to the host macrophages environment and in-
fection time. These results will provide more
theoretical basis for elucidating the mecha-
nism of MTB interaction with host macrophages
and prevention and control of tuberculosis.

Mcl-1 (Myeloid cell leukelmia-1) gene belongs
to the members of the family of the Bcl-2, Mcl-1
protein by combined with promoting apoptosis
proteins Bax delay cells apoptosis, increase
cell survival time to play the role of resistant to
apoptosis [19, 20], Mcl-1 is the key factor of the
upstream regulation of apoptosis. Researchers
suggest that Mcl-1 is a new target for control
and prevention Tuberculosis [7-16]. The pres-
ent study found that H37Rv infected host mac-
rophages can induce higher expression of Mcl-
1, and the role of other MTB strains are
relatively weak. This may be the reported that
the expression level of Mcl-1 is closely related
to the MTB strains removal within the host mac-
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rophages [9]. While to Mcl-1 is the anti-apoptot-
ic protein, so the expression level of Mcl-1 will
fluctuate with the level of apoptosis. That indi-
cates that by inhibiting Mcl-1 expression to pro-
mote host macrophage apoptosis infected MTB
is a possible treatment for tuberculosis dis-
ease. These results provide a theoretical basis
for the introduction of Mcl-1 to the treatment of
latent infection of tuberculosis.

Mcl-1 are expressed in a variety of malignant
tumor cells, high Mc1-1 expression not only
inhibits tumor cell apoptosis, also increased
the chemotherapy drug resistance [9, 21],
reduce the Mcl-1 expression can lead to cell
cycle arrest and apoptosis increase [21-23].
Mcl-1 lower expression can enhance the hypox-
ia induced by lung cancer cell apoptosis [23,
24]. Mcl-1 against Fas mediated apoptosis
plays an important role in melanoma, the appli-
cation of RNAi technology cut the Mcl-1 expres-
sion can increase cell apoptosis in the melano-
ma cells [24]. In recent years, studies have
shown that inhibit Mcl-1 expression can effec-
tively promote the host macrophage apoptosis,
to protect against a latent MTB infection [7-16].
The study found that intervention Mcl-1 expres-
sion can significantly increase the MTB infected
host macrophage apoptosis, but the effects of
Mcl-1 intervention is closely related to MTB
infection time. MTB infection for a short period
of time, the effects of Mcl-1 intervention in-
duced host macrophages apoptosis was weak
in BCG, H37Ra, H37Rv infection group com-
pared with other MTB strains group. However,
as the time of infection increases, which host
macrophage apoptosis rate were increased sig-
nificantly, especially H37Ra and H37Rv infec-
tion group. These results suggest that the cell
apoptosis pathways may be activated as the
infection time increases. Considering that the
function of the Mcl-1 is mainly involved in main-
taining the stability of the mitochondrial mem-
brane, inhibit the release of Cytochrome-c, so
as to promote cell survival, prevent cell apopto-
sis [25]. So we speculate that intervention
Mcl-1 expression for a long time, the stability of
the mitochondrial membrane are destroyed,
resulting in the extrinsic apoptosis pathways or
the intrinsic apoptotic pathways was activated,
so that the host macrophage apoptosis rate
increased significantly, thus, latent infection
and persistent infection of tuberculosis are
controlled. These results indicate that the
removal of mycobacterium tuberculosis within
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the host macrophages is closely related to the
time of Mcl-1 intervention. Therefore, the effec-
tive use of the regulatory function of Mcl-1
intervention in mycobacterium tuberculosis
infected host macrophage apoptosis might pro-
vide new ideas and targets for TB prevention
and control, to speed up the pace of people
against TB.

Of course, Mcl-1 may play double regulatory
role or have no regulatory role on the same host
macrophage in different intervention methods.
Whereas the amount of studies we included
this section is limited, hence the meta-analysis
results did not show this inference. However, it
should be noted that in the treatment of tuber-
culosis (TB) with Mcl-1 intervention, the dosage
of intervention treatment, the intervention way
and time is particularly important, an inappro-
priate choice may lead to an increase in the
degree of infections.

To sum up, the study found that the conse-
quences of mycobacterium tuberculosis infec-
tion and TB occurs or not is closely related to
the host macrophages environment and infec-
tion time. By inhibiting Mcl-1 expression to pro-
mote host macrophage apoptosis infected MTB
is a potential treatment for tuberculosis dis-
ease, but the removal of mycobacterium tuber-
culosis within the host macrophages is closely
related to the time of Mcl-1 intervention. These
results provide a theoretical basis in the Mcl-1
intervention treatment of latent tuberculosis
infection and persistent infection and preven-
tion and control Tuberculosis for our future.
However, current study concluded articles ex-
ists heterogeneity, in addition to the associated
with the factors of subgroup analysis, may be
also related to the researchers choose the type
of object of study, the type of MTB, and many
other factors, but none of the existing studies
on these factors to do a detailed description or
part description only 1 paper, unable to con-
duct subgroup analysis, remains to be further
research in the future.

Conclusion

As described in the present study results dem-
onstrate that inhibiting Mcl-1 expression to pro-
mote host macrophage apoptosis infected MTB
is a potential treatment for tuberculosis dis-
ease, but the removal of mycobacterium tuber-
culosis within the host macrophages is closely

Int J Clin Exp Med 2018;11(7):6397-6407
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related to the time of Mcl-1 intervention. These
findings contribute to the latent infection and
persistent infection of prevention and control
Tuberculosis, and provide a theoretical basis
for the implementation of new TB control
strategy.
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