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Abstract
Background: MIP is a cultivable, non-pathogenic organism, which shares several antigens with Mycobacterium
tuberculosis and Mycobacterium leprae. It has several proposed clinical applications. However, its cytotoxic effect on
pancreatic cancer has not been documented. Hence, the study was conducted to investigate MIP induced
cytotoxicity on Mia-Pa-Ca2 cells. To determine the cytotoxic potential of heat killed Mycobacterium indicus
pranii (MIP) on pancreatic cancer cells in vitro along with gemcitabine & 5-fluorouracil (5-FU). Mitogen-activated
protein kinase (MAPK) level was also studied post MIP treatment.
Methods: Cytotoxic effect of MIP, gemcitabine and 5-FU on Mia-Pa-Ca2 cells was determined. We have analyzed
extent of apoptosis using flow cytometry and changes in p38 levels, c-Jun N-terminal kinases (JNK) and extracellular
signal–regulated kinase (ERK) using ELISA.
Results: MIP not only exhibits cell cytotoxicity in dose dependent manner, but also enhances efficacy of
gemcitabine and 5-FU when used in combination. Flow cytometry analyses reveals apoptosis of Mia-Pa-Ca2 cells
post MIP treatment compared to untreated cells. MAPK pathway study using ELISA shows that p38 and JNK levels
are suppressed while there is no change in ERK level.
Conclusion: With these results we conclude that MIP is a cytotoxic agent. Cytotoxicity is exhibited by apoptosis.
Combining MIP with gemcitabine and 5-FU shows synergistic effect.
Keywords: 5- fluorouracil, Gemcitabine, Mia-Pa-Ca2 cells, Mitogen activated protein kinase (MAPK), Mycobacterium
indicus pranii (MIP), Pancreatic cancer

Background
Pancreatic cancer is the twelfth most common cancer in
the world along with kidney cancer [1]. It is also the
seventh most common cause of death among all cancers.
In 2012, 338,000 pancreatic cancer cases and 331,000
deaths were reported all over the world which accounted
for 2.4% of all cancer cases [1]. It is estimated that
53,670 new cases will be diagnosed and 43,090 people
will die in 2017 in US. In the western world, it is the
fourth common cause of cancer related death among
men and women and is expected to be one of the most
dangerous cancer in next decade [2].
Lack of diagnosis at an early stage is the major factor
for high prevalence of pancreatic cancer. As a result
most cancers are already metastasized by the time they
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are diagnosed. Although gemcitabine has been the
preferred treatment for pancreatic cancer, various
types of combination chemotherapy have been used
to increase the response rate, especially in patients
with metastatic pancreatic cancer, such as nab-paclitaxel
with gemcitabine, or FOLFIRINOX (5-fluorouracil,
leucovorin, irinotecan, and oxaliplatin), with/without
gemcitabine [3]. Patients who undergo resection still
only have a median survival of 14–20 months and a
5-year survival rate of 10% with surgery alone and up
to 25% with adjuvant chemotherapy [4]. However,
chemotherapy may induce serious adverse effects
hence rather than single agent chemotherapy, combination chemotherapy has become a new alternative
in patients with advanced pancreatic cancer, with an
increased survival benefit [5].
Experimental cancer treatments are medical therapies
intended or claimed to treat cancer by improving,

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Darji et al. Applied Cancer Research (2017) 37:30

supplementing or replacing conventional methods.
These include nanoparticles, photodynamic therapy,
gene therapy, complementary and alternative therapy,
COBALT (COmbination BActerioLytic Therapy) and
bacterial treatment [6, 7]. The role of bacteria as an
anti-cancer agent was accidentally developed almost
a century ago and is famously known as “Coley’s
toxin” [8]. Following these discoveries, several other
bacterial species have been found to elicit significant
anti-tumour activity in both in vitro and in vivo systems such as Salmonella, Diphtheria, Pseudomonas,
Clostridium [6, 9]. Bacterial therapies have an advantage
over passive drug molecules because they can actively
target intratumoral microenvironments with preferential growth and active motile transport. Recent
advances in engineered therapeutic delivery include
temporal control of cytotoxin release, enzymatic activation of pro-drugs, and secretion of physiologically
active biomolecules [10].
In recent studies, use of mycobacterial agents like
Mycobacterium vaccae (SRL172) has been shown to be
effective in the treatment of adenocarcinoma of the lung
and renal cell cancer. The M. vaccae-induced apoptosis
appears to be most effective against multiple carcinomas, due to immune regulation, as reflected in the
selective enhancement of Type 1 T helper (Th1) and
down-regulation of Type 2 T helper (Th2) cell mediated
immune response [11].
Mycobacterium indicus pranii (MIP) is a cultivable,
non-pathogenic organism, which shares several antigens
with M. tuberculosis and M. leprae [12, 13]. MIP, previously known as Mw (Mycobacterium w), a saprophytic
bacterium has been shown to stimulate cell mediated immune responses in leprosy patients [13, 14]. Intradermal
(ID) injection of MIP at the dose of 1 × 107 cells/ml
along with chemotherapy resulted in greater reduction
in the bacterial load in lungs and other organs of
Tuberculosis (TB) infected animals [12]. Injecting
MIP intradermally in the deltoid region at 5 × 108 cells
per dose for leprosy patients shortens the duration of drug
treatment [15]. Interestingly, heat killed MIP is a potent
Toll-like receptors (TLR) 2 agonist, which stimulates
macrophage activation [16] and induces potent Th1
response [17]. Despite these observations, the mechanism
by which MIP elicits an apoptotic response in pancreatic
cancer is not known.
Hence, the present study was undertaken to investigate the cytotoxic effect of heat killed MIP and standard available chemotherapeutic drugs (gemcitabine
and 5-flurouracil) on a human pancreatic carcinoma
cell line, Mia-Pa-Ca2. A second aim was to examine
the contribution of the MAP kinases (existence and
activation) in apoptosis of Mia-Pa-Ca2 cells after
stimulating with MIP.
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Methods
Cell lines and culture medium

The human pancreatic cancer cells Mia-Pa-Ca2 were
obtained from American Type Culture Collection,
Rockville, MD. Mia-Pa-Ca2 cells were maintained in
DMEM (Dulbecco’s modified Eagle’s Medium); Sigma
Aldrich supplemented with 10% (v/v) FBS (Fetal bovine
serum); Gibco, 2 mM L-glutamine and 2 mM penicillin/
streptomycin. Cell lines were incubated in a humidified
atmosphere with 5% CO2 at 37 °C.
Chemicals and reagents

Gemcitabine (gemcitabine hydrochloride) –Tabicad
(1000 mg), 5- fluorouracil (5-FU) – Florac (50 mg ml−1)
and MIP were sourced from Cadila pharmaceuticals Ltd.
Tabicad was reconstituted in 0.9% (w/v) saline solution
to a 200 mM stock solution and stored at room
temperature.
Mycobacterium indicus pranii

MIP cells were incubated at 37 °C, 80 rpm for 6 to 8 days
in a shaker incubator. After incubation, cells were harvested at 6000 g for 60 min and cell pellet was retained.
After two washes with suspension buffer (9 g NaCl l−1,
2 g Tween 80 l−1), cells were re-suspended in the same
buffer as 1 g cells in 22.5 ml of suspension buffer. Cells
were inactivated by subjecting them to high pressure saturated steam at 123 ± 2 °C [15 psi] for 30 min. MIP cell
suspension was stored at 2–8 °C for further use. The optical density (OD) of the suspension was measured spectrophotometerically at 600 nm which was extrapolated to
cell count (OD 0.56 corresponded to 2.33 x 109cell ml−1.
Efficacy assessment of gemcitabine, 5-FU and MIP on MiaPa-Ca2 cells

To study the effect of gemcitabine, 5-FU and MIP on
cell growth of Mia-Pa-Ca2 cells; the MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4sulfophenyl)-2H–tetrazolium) cell proliferation assay
(CellTiter 96® AQueous One Solution, Promega,
Southampton, UK) was used. For assay, Mia-Pa-Ca2
cells were harvested with trypsin (Invitrogen) and plated
in 96-well plates in complete DMEM media at a density of
1 × 104 cells/well. Gemcitabine (10 nM to 320 nM), 5-FU
(1.56 μg to 100 μg) and MIP (1.5 × 105 to 5 × 108 MIP
cells ml−1) were added to the wells so that the final
volume per well was 100 μl across the plate. Plates were
incubated in a humidified atmosphere with 5% CO2 at
37 °C for 48 h. Post incubation 20 μl of CellTiter 96® reagent was added to wells. Subsequently, the plates were
again incubated at 37 °C for 1 h After 1 h, plates were
gently agitated and then OD was read at 490 nm with
correction at 630 nm on a spectrophotometer.
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Efficacy of gemcitabine and 5-FU in combination with MIP

Mia-Pa-Ca2 cells were plated at a density of 1 × 104 cells/
well in DMEM in 96-well plates. Cells were treated with
variable- gemcitabine (10 nM to 320 nM) and 5-FU
(1.56 μg to 100 μg) separately in different set of experiments along with constant- MIP (3 × 106 MIP cells ml−1).
Cell survival was analyzed after 48 h at 37 °C, using the
MTS assay as previously described. Briefly, synergism or
antagonism for MIP plus gemcitabine or 5-FU was
calculated by combination index (CI) using CompuSyn
software program algorithm:

 

CI ¼ ðDÞ1 =ðDx Þ1 þ ðDÞ2 =ðDx Þ2
Where, D1 is 50% inhibition of cell growth due to
MIP.
D2 is either gemcitabine or 5FU.
Dx is the concentration of D1 or D2 that induce 50%
inhibition of cell growth.
The CI values were calculated according to the
method of Chou [18, 19] using CompuSyn software.
Where, CI < 1, CI = 1 and CI > 1 indicate synergism,
additive effect and antagonism, respectively.
Apoptosis of Mia-Pa-Ca2 cells detected by Annexin V and
Propidium iodide staining

Post treatment with MIP, Mia-Pa-Ca2 cells were washed
in cold DPBS (Dulbecco’s phosphate-buffered saline),
centrifuged and suspended in 1X annexin-binding buffer
[prepared in accordance with the manufacturer’s protocol (Cat# V13242, Invitrogen, UK)] in such a way that
the cell density was adjusted to ~1 × 106 cells ml−1. A
working solution of Propidium Iodide (PI) (100 μg ml−1)
in 1X annexin-binding buffer was prepared. 5 μl of FITC
(Fluorescein isothiocyanate) annexin V (Component A)
and 1 μl of the 100 μg PI ml−1 working solution were
added to each 100 μl of cell suspension was incubated at
room temperature for 15 min. Following that 400 μl of
1X annexin-binding buffer was added and the tube was
gently tapped for mixing. The samples were kept on ice
until analyzed. The stained cells were analyzed by flow
cytometry, measuring the fluorescence emission at
530 nm or 575 nm.
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protease and phosphatase inhibitors in accordance with
the manufacturer’s protocol (R&D Systems). Briefly
ELISA plates coated with antibody were used for the
assay [21, 22]. The plate were washed with 400 μl wash
buffer and blocked by adding blocking buffer. After
blocking the plates were washed thrice, aspirated, tapped
and dried. The strips for the respective MAPK were
stored in a desiccator and the temperature was maintained at 2–8 °C.
Moreover, MAPK standards for p38 α (78.125 to
5000 pg ml−1), ERK 1 & 2 (34.17 to 2187.5 pg ml−1) &
JNK (221.25 to 14,160 pg ml−1) and samples were diluted as per manufacturer’s protocol (R&D Systems).
The OD of each well was immediately determined at
450 nm using a spectral scanning multimode reader.
Statistical analysis

All tests were performed at least in triplicate and quantitative data are presented as Standard Deviation of mean.
Graphical presentation was performed using commercial
software Prism 5.0 (GraphPAD Software, CA). Results
for cytotoxicity studies are displayed as % of control.
IC50 was calculated by an Excel add-in ED50V10 file.

Results
Effect of MIP, gemcitabine and 5-FU on Mia-Pa-Ca2 cells

MIP exerted cytotoxic effect on Mia-Pa-Ca2 cells in vitro
when used alone or in combination with chemotherapeutic drugs such as gemcitabine and 5-FU. Figure 1 shows
that cell survival rate for Mia-Pa-Ca2 cells upon treatment
with MIP decreased gradually till 6 × 107 MIP cells ml−1
and IC50 value was 3 × 106 MIP cells ml−1. The IC50
values for gemcitabine which is the standard of care for
pancreatic cancer was around 160 nM (Table 1) while
IC50 value for 5-FU was around 3.12 μg (Table 2). On
combining MIP at its IC50 value of 3 × 106 cells ml−1 with
gemcitabine, the IC50 value dropped 4 fold to 40 nM
(Table 1) and with 5-FU, the IC50 value dropped 2 fold to
1.562 μg (Table 2). Both these data suggested that heat
killed MIP can be used to lower the required doses of
chemotherapeutic drugs.

Analysis of MAPK (p38, ERK & JNK) by ELISA

Cell morphology and apoptosis

ELISA was performed using the commercially available
kits [20] - Human/Mouse/Rat Phosho-p38 α (T180/
Y182) (R & D Systems, Duoset IC), Human/Mouse/Rat
Phosho-ERK 1/ERK2 (MultiScreen) and Human/Mouse/
Rat Phosho-JNK (Pan) (MultiScreen). Mia-Pa-Ca2 cells
were cultured in 175 cm2 tissue culture flasks for 48 h
before treatment. Cells were treated with MIP (3.0 × 106
and 1.25 × 108 MIP cells ml−1) for 48 h. After treatment,
106 cells were homogenized in lysis buffer containing

Cell morphology was analyzed by the conventional FACS
(Fluorescence-activated cell sorting) staining Annexin VFLUOS and PI. Forward and side scatter showed population of MIP treated Mia-Pa-Ca2 cells appearing larger in
size and more granular (Fig. 2a). This indicates apoptotic
morphology in both early and late phase. Additionally,
staining with PI showed clear shift of peak and more
than 95% cells were dead which suggested that they were
at early apoptotic phase (Fig. 2b).
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Fig. 1 Cytotoxicity of MIP. Cytotoxicity of MIP (1.5 × 105 to 6.0 × 107 cells ml−1) on Mia-Pa-Ca2 cells determined by MTS assay. Cell proliferation in
vitro was plotted as cell survival at indicated concentrations of these three compounds. Error bars indicate Mean ± SD. Each plot is representative
of four independent experiments

MAPK level post treatment with MIP

In order to further understand the mechanism behind
apoptosis, we explored the change in MAPK (p38, JNK,
ERK) level in Mia-Pa-Ca2 cells after treatment with MIP.
When highest concentration of MIP was used i.e.
1.25 × 108 MIP cells ml−1, p38 levels decreased until 16 h
with respect to control. After 16 h, p38 levels started to
increase and became almost equivalent to control at 48 h.
MIP cells at a concentration of 3.0 × 106 cells ml−1
resulted in down-regulation of p38 levels as compared to
control (Table 3). Treatment with MIP cells at a concentration of 3.0 × 106 cells ml−1 resulted in increase of JNK
level (192 pg ml−1) 16 h onwards. At all concentrations of
MIP used, the JNK levels showed maximum downregulation with respect to control till 8 h (data not shown)
after which levels increased again till 48 h (Table 3). Data
Table 1 Cytotoxicity of MIP (3 × 106 cells ml−1) in combination
with gemcitabine (10 nM to 320 nM), in pancreatic cancer cells
by MTS assay

also indicated that with highest concentration of MIP i.e.
1.25 × 108 cells ml−1, ERK levels increased till 2 h and
then decreased, upto 8 h (data not shown) after which the
levels increased upto 48 h. MIP cells at a concentration of
3.0 × 106 cells ml−1 resulted in decline of ERK levels with
respect to control and reached a minimum value
(223 pg ml−1) at 2 h (data not shown) and then the
levels increased (273 pg ml−1) till 48 h. At all concentrations of MIP used, the ERK levels were changed
throughout the period of study (Table 3). From this
study, it can be concluded that MIP suppressed the
levels of the p38 upon in vitro stimulation.

Discussion
It can be ascertained from these studies that MIP retains
its cytotoxic potential even after it is killed, unlike BCG,
Table 2 Cytotoxicity of MIP (3 × 106 cells ml−1) in combination
with 5-FU (1.562 μg to 100 μg), in pancreatic cancer cells by
MTS assay

Gemcitabine concentration (nM)

5-FU Concentration (μg)

0

40

80

160

320

0

1.562

3.12

6.25

12.5

25

50

100

Gemcitabine

100

76

64

49

23

5-FU

100

75

48

42

41

40

38

33

Gemcitabine +3 × 106 MIP

55

49

30

29

14

5-FU+ 3 × 106 MIP

55

48

36

29

24

21

16

14

55

-

-

-

-

-

-

-

6

3 × 10 MIP

55

-

-

-

-

Cell proliferation in vitro was plotted as cell survival (%) at indicated
concentrations of these two compounds. Each data point is the average of at
least four determinations

6

3 × 10 MIP

Cell proliferation in vitro was plotted as cell survival (%) at indicated
concentrations of these two compounds. Each data point is the average of at
least four determinations
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Fig. 2 Apoptosis post MIP treatment. MIP treated Mia-Pa-Ca2 cells
were evaluated for apoptosis. Forward scatter was plotted against
side scatter where fluorescence from MIP treated was analyzed (a).
PI staining of treated Mia-Pa-Ca2 cells (b) Histogram of MIP treated
Mia-Pa-Ca2 cells (P2 population)

Table 3 Expression of p38, JNK and ERK on treating Mia-Pa-Ca2
cells with MIP (3 × 106 and 1.25 × 108 cells ml−1)

P38

JNK

ERK

MIP Concentration
(cells/ml)

MAPK expression (pg/ml)
0h

16 h

Untreated cells

793

891

883

1.25 × 108 MIP

811

730

866

48 h

3.0 × 106 MIP

778

763

723

Untreated cells

156

180

199

1.25 × 108 MIP

153

181

200

3.0 × 106 MIP

139

192

191

Untreated cells

274

256

264

1.25 × 108 MIP

256

263

258

3.0 × 106 MIP

266

246

273

Expression level was plotted as concentration at different time points (0 to
48 h). Each data point is the average of at least three determinations

and has been found to share antigens with Mycobacterium leprae and Mycobacterium tuberculosis. In an experimental model of tuberculosis, MIP immunizations
have been shown to be protective [23, 24]. Importantly,
MIP immunization in humans has shown prophylactic
efficacy against tuberculosis [12].
In cancer studies, MIP is observed to decrease the
tumour size in lung cancer and it is also effective against
bladder cancer [25, 26]. Use of MIP as cytotoxic and
apoptotic agent on breast adeno-carcinoma cell line
MCF-7 and oral cancer cell line ORL-115 has been
previously reported [27]. On the other hand, there are
no reported effects of MIP on pancreatic cancer even
though it remains an aggressive type of neoplasm for
which the survival rate is 25% with multimodality therapy
[4]. Our data shows decreased survival of Mia-Pa-Ca2
cells in a dose-dependent manner upon treatment with
MIP alone.
Outcome of chemotherapy in pancreatic cancer remains poor. Therefore it is essential to alleviate the toxic
effects of treatment and allow the patients to maintain
the best possible quality of life. Drugs like gemcitabine
and 5-FU remain the standard of care for pancreatic
cancer [28], even though it has been almost decades
since they were established. Similar to our findings on
Mia-Pa-Ca2 cells, previous in-vitro studies reported that
treatment of human pancreatic adeno-carcinoma cells
(Mia-Pa-Ca2, AsPC-1, Panc-1, and Panc-48) and also of
patients with advanced pancreatic cancer with gemcitabine [29, 30] and 5-FU [31, 32] inhibited cell growth in a
dose-dependent manner [33].
Use of combination therapy in pancreatic cancer treatment has a greater chance of success in treating patients
[34]. Previous studies show that ID injections of MIP in
the deltoid region, together with standard multidrug
treatment, increase the clearance of bacilli and reduce
the recovery time of leprosy patients [15, 35]. In
addition, several side effects of the chemotherapeutic
drugs could be reduced with combination therapy.
Therefore the present study not only investigated the
cytotoxic potential of MIP, but also its efficacy in combination with gemcitabine and 5-FU on Mia-Pa-Ca2
cells. The result obtained suggests that MIP can improve
the cytotoxic potential of gemcitabine and 5-FU and
ultimately reduce their side effects.
Cells undergoing apoptosis or necrosis have distinct
morphological features. It was found by annexin V/PI
staining that MIP induced early and late apoptosis in
pancreatic cancer cells, but the rate of early apoptosis
was significantly higher. Similar results were seen in
early apoptosis in pancreatic cell growth by trichostatin
A and gemcitabine [36, 37]. Our data reports that MIP
suppresses the levels of p38 MAP kinases. Our finding is
similar to Patent 20,120,328,574 [38] where MIP and its
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constituents inhibit p38 in Mia-Pa-Ca2 cells by downregulating its level when compared with control cells.
Previous studies have also shown that the p38 MAPK
inhibitor induced apoptosis in DLD-1 and SW480 which
are colon cancer cell lines [39]. Proliferation of p53
mutant and ER-negative breast cancer cells were also
inhibited by p38 inhibitors [40]. Further studies are
required for evaluating immune response of MIP in a
pre-clinical model of pancreatic cancer.

Conclusion
MIP does not only induce apoptosis, but also could be
used to lower the dose of currently used chemotherapeutic drugs against pancreatic cancer. To the best of
our knowledge, this is the first study which demonstrates
beneficial anti-cancer effect of MIP in pancreatic cancer
cells as a p38 MAPK inhibitor. This study suggests that
MIP could be of potential benefit for treatment of
pancreatic cancer.
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