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ABSTRACT

Many plant protease inhibitors are found to have effects of tumor suppression in certain cell lines. In this
work attempt has been made to determine anti-tumor/apoptotic property of trypsin inhibitor protein
(WbTI2) from plant Psophocarpus tetragonolobus (L.)D.C. (winged bean) on human chronic myeloid

leukemia cells (K562). Pure winged bean trypsin inhibitor protein was purified by affinity chromatography
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INTRODUCTION

Chronic Myeloid Leukemia (CML) is a malignant disease
of myeloid tissue where bone marrow, lymph nodes and
spleen are involved. Association of BCR-ABL oncogene,
generated by Philadelphia chromosome is the principal
feature of this disease. The balanced reciprocal translo-
cation between chromosome number 9 and 22, t (9; 22)
(q34.1; q11.2) (Philadelphia Chromosome) causes constitu-
tive synthesis of BCR-ABL protein tyrosine kinase which
triggers a number of proliferative pathways in CML, cells.
(I The incidence of occurrence of CML in India has been
reported annually to be 0.8-2.2/100,000 in adult males and
0.6-1.6/100,000 in adult females. Although CML occurs
in children and adolescents, less than 10% of all cases
occur in subjects between 1 and 20 years old.!? Before
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from recombinant molecule and human chronic myeloid leukemia cells were treated by it. Then viability of
the treated cells were determined by simple microscopic study, MTT assay and flow cytometric analysis. All
results revealed significant effect of WbTI2 on the viability of the human chronic myeloid leukemia cells. The
IC;, value was determined to be 5 pug/mL in MTT assay. The data was found to be statistically significant.

advent of tyrosine kinase inhibitors CML was treated
with cytarabine, busulfan, hydroxyurea or IFNa. These
are still potential curatives for patients unresponsive to
newer therapies. But the landmark development regard-
ing treatment of CML is introduction of tyrosine kinase
inhibitors (TKIs) like imatinib mesylate.’] After getting
resistance to imatinib mesylate in increasing numbers,*!
two “second-generation” TKIs,i.e., dasatinib and nilotinib
have been approved for the first-line treatment of CML.
Dasatinib was initially approved in 2007 and then nilotinib
was subsequently approved for the patients having indica-
tion of Imatinib resistance or intolerance. Both dasatinib
and nilotinib were approved as first-line treatment options
in 2010 following demonstration of high cytogenetic
response and molecular response rates.[?) Mechanisms
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Table 1: Purification of rWbTI-2 from induced E. coli*

Recombinantb WbTI-2  Specific protein contentc

Steps Total proteina (m Yield (%

P p M9) (mg) (mg/mg) (%)
Bacterial lysate 60 4.0 0.067 100
Anti-WbTI-2 column 32 314 0.981 78.5
eluent

" starting from 2.25 gm cells

a: Total protein was estimated by Bradford assay

b: rWbTI-2 was estimated by radial immune diffusion assay
c: Specific content is defined as rWbTI-2/ total protein

Table 2: Simple microscopic study on effect of WbTI-2 on k562 cells

Samples Set I (Cell countx 105/mL) SetII (Cell countx 105/mL) Average cell count (Cell count x 105/m:)
1. +ve C (no protein) Bi;]aiggc 2‘13111032 Bi:;régcz%llom Bi;’aiggoffl
2. -ve C (with Imatinib) Bi::&glz Bi:ainrcliglé Bi:zilrcllglzl i
ssumtz G i bt
4.10 ul,/mL WbTI2 LDi;’;‘;g41 ]L)i;/;rég; LDi;/;ggs.zéS

No. of initial K562 cells: 2.7 x 10°/mL (before 24 hours incubation)
Imatinib (10 pg/mL) was taken as control
Stock solution of WbTI-2: 6 mg/mL (estimated by Bradford assay)

Table 3: Flow cytometric data showing the effect of treatment of k562 cells (106 cells/mL for 24 hourss) with WbTI-2 stained with
annexinv and pi.

LR Quadrant UR Quadrant UL Quadrant LL Quadrant
Control cells (K562) 1.36% + 0.12 2.18% + 0.05 2.08% * 0.04 94.38% + 1.12
WbTI-2 treated cells (5 pg/mL) 16.18% * 0.6 16.43% + 0.07 7.28% +0.38 60.99% + 1.16

Imatinib treated cells (10 pg/mL) 11.59% + 0.55

22.37% £ 0.27

3.32% £ 0.08 62.71% * 0.75

uadrant= viable cells, uadrant = early apoptotic cells, uadrant = necrotic cells; uadrant = late apoptotic cells
*LL quad iable cells, LR quad ly apoptotic cells, UL quad ic cells; UR quad 1 poptotic cell

*Data are expressed as percentage mean * SEM for 4 independent

which cause resistance againstimatinib are generally lack
of dependence of CMC stem cells on BCR-ABL for survival.
[> 6 Mutations in the kinase domain of BCR-ABL and non-
compliance of patient that causes emergence of resistant
clones through suboptimal target inhibition.[”®! Therefore
studies are required to identify more potential curative
products to overcome the limitations of such treatment.
Plant protease inhibitors are versatile proteins, which
have been established to be influential in various
biological processes like inflammation reaction, infection,
extracellular matrix degradation, blood coagulation,
programmed cell death, tumor invasion as well as
cancer metastasis.[”!% Soybean trypsin-chymotrypsin
inhibitor has been found to inhibit ovarian sarcoma
M5067 by increasing expression of Cx43 molecule.! It
has also been found to induce apoptosis of LNCap cancer
cell of colorectal cancer and HT-29 colon cancer cells.
[11-14] Anti-proliferative effect has been shown from
trypsin-chymotrypsin inhibitor (BWI-1) of buckwheat
(Freguagopyrum esculentum) on acute T-lymphoblastic
leukemia cells.*>! Cytotoxic activity could also be triggered
by up regulation of proteins like Caspase-3, Caspase-9 in
hepatoma like solid tumor cells, cervical carcinoma cells
and esophageal squamosal carcinoma cells.®!
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Winged bean trypsin inhibitor is a kunitz type protease
inhibitor with 182 amino acid residues. Cloning, functional
expression and site directed mutagenesis study has
been done and reported earlier by our group.!*’! The
single peptide protein has been found to have a blocked
n-terminal end and is originated from intron less gene.
This 20 kDa protein has no chymotrypsin inhibitory
activity. The protein was fragmented by cyanogen bromide
digestion and its largest fragment (about 65% of the
original protein, which contained the RSL loop) has been
found to retain about 50% of its trypsin inhibitory activity.
Such retention of activity in a fragmented molecule
implicates that it is an ideal candidate for consideration
as a drug which by character should generally be small
enough to ease targeted delivery. Moreover, winged bean
is an eatable crop consumed as a vegetable in many parts
of India. So, it is expected that a protein isolated from
such a pod if is used as a drug would cause lesser lateral
damage to patient. Thus the protein WbTI-2 appeared to
have a great potential as a natural therapeutic agent in
CML. Therefore the aim of this study is to assess the anti-
tumor property of WbTI-2 on chronic myeloid leukemia
cell line and determine its ICg, value.
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Fig. 1(a): showing expressed protein (WbTI-2) in 15% SDS-PAGE
with varying amount of IPTG induction. [Lane 1: total protein
profile of E. coli (BL21DE3) as negative control, Lane 2: expressed
protein with no IPTG induction, Lane: 3 to Lane 8: IPTG induced
expressed protein with 0.1 mM, 0.2 mM, 0.3 mM, 0.4 mM, 0.5 mM
and 0.6 mM IPTG concentrations respectively, Lane: 9 marker, Lane
10: native protein purified from winged bean seeds]. (b): showing
expressed protein (WbTI-2) in western blot analysis. (c): showing
purified WbTI-2 after immune-affinity chromatography. Lane 1:
WbTI-2 purified by immune-affinity Chromatography, Lane 2:
Native protein, purified from winged bean plant, Lane 3: marker.

METHODOLOGY

Cell Culture of Human Chronic Myeloid Leukaemia
K562 Cells

Human chronic myeloid leukaemia K562 cells are cultured
in RPMI 1640 medium with 8 U/mL gentamycin sulphate,
0.0044 U/mL Pen-Step solution and 10% FCS in a 10%
humidified CO, atmosphere at 37°C. PBMCs are grown
in RPMI 1640 medium containing 8 U/mL gentamycin
sulphate, 0.0044 U/mL Pen-Step solution under same
temperature, humidity and CO, atmosphere. The culture
are incubated for 24 hours under same temperature,
humidity, and CO, conditions and the apoptotic behaviour
of cells are observed by different methods.

Expression and Purification of Recombinant WbTI-2
WDTI-2 gene was cloned and was preserved previously
by our group™”] which was cloned and expressed in
expression vector. The expressed protein was purified by
affinity chromatography.

The recombinant WbTI-2 gene was sub cloned into high
expression vector pTrC99A and over expressed under
varying concentrations of IPTG e.g., 0.1, 0.2, 0.3, 0.4,
0.5, and 0.6 mM for 5 hours. Cells were boiled with SDS
gel loading buffer and the amount of expression was
analyzed on Sodium dodecyl-sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) (Fig. 1). The maximum
amount of expression of rWbTI-2 was obtained at 0.5m M
IPTG (lane 7). Western blot analysis of expressed rWbTI-2
using rabbit anti-WbTI-2 antibody also indicated very
low expression of rWbTI-2 in un-induced E. coli (Fig. 1b,
lane 1) but gradual increase of expression as the IPTG
concentration increased (lane 2-6).

Single step immune-affinity chromatography was done
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Fig. 2: Result of MTT Assay, showing growth inhibition of PBMNC
cells and K562 cells on administration of WbTI-2.
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Fig. 3: analysis of cell viability by flow-cytometry
(a): showing the cell growth inhibition of WbTI-2 treated K562 cell
which increases with increasing quantity of protein and maximum
inhibition is shown at 5 pg/mL concentration (K562 cells treated
with 10 pg/mL of imatinib was taken as positive control). (b): The
K562 cells treated with 5 pg/mL WbTI2 shows maximum number
of dead cells compared to imatinib treated cells (10 pg/mL) and
untreated control cells.

using rabbit anti-WbTI-2-sepharose column to purify
WDTI2 from bacterial cell lysate. The yield of the purified
recombinant protein was around 3.14 mg from 2.25 g wet
cells (Table 1). Homogeneity of the purified WbTI-2 (lane 2)
was ensured by SDS-PAGE (Fig. 1c) against native protein
(molecular mass ~20 kDa, lane 1).

Trypsin Inhibition Assay by Purified WbTI-2

Trypsin assay was performed from increase in absorbance
at 247 nm by using N-a-Tosyl-L-Arginine-Methyl Ester
(TAME) as substrate.!'®! For determining the inhibitory
activity of WbTI-2, the molar ratio enzyme: inhibitor was
varied from 1:0 to 1:5 (Fig. 2). At 1:2 enzyme: inhibitor
molar ratio trypsin was completely inhibited by WbTI-2,
which is also true for the native protein.[*”]

Study for Reduction of Cell Viability after Treatment
with WbTI-2 on K562 Cell Line

Simple Microscopic Study

2.7 x10°/mL of cells were treated separately with various
amount of WbTI-2 (Table 2), 10 mg/mL imatinib (negative
control), and incubated for 24 hours. The viable cells of all
cultures were stained with trypan blue dye the cells were
counted under simple microscope (40x objective lens)
using hemo-cytometer. Positive control was set using only
cell line Table 2.
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MTT Assay

MTT assay was used to examine the effect of WbTI-2
on proliferation of K562 cells.['”) K562 cells and normal
human PBMCs were treated with WbTI-2 for 24 hours. For
treatment with WbTI-2, 100 pL and 1 mL the cell cultures
(10° cells/mL) are taken in sterile 96 well microtiter plates
and 24 well microtiter plates respectively, and various
amount of protein (WbTI-2) are added to each of those
wells. Colour intensity was measured at 590 nm. As shown
in Fig. 3a, WbTI-2 inhibited the proliferation of K562 cells
in a dose dependent manner (3, 4, 5 pg/mL) but there was
no effect on the proliferation of PBMCs. The IC5, value was
estimated to be 5 pg/mL for WbTI-2 by way of MTT assay.

Flow Cytometric Study

AppoAlert Annexin V-FITC Apoptosis kit (Clontech) was
used for flow cytometric analysis.[?) The K562 cells
(10° cells) in complete RPMI medium were treated with
and without rWbTI-2 (5 pug/mL) for 24 hours. The cells
were washed in 50 mM cold PBS at pH 7.4 and collected
by centrifugation at 1000 rpm for 10 min at 4°C. After
rinsing and re-suspending in binding buffer K562 cells
were double labelled with Annexin V-FITC (0.1 mg) and
Propidium lodide (0.5 mg) for 15 minutes in dark at room
temperature. Negative control was set by treating K562
cells with Imatinib (10 pg/mL). The relative percentage
of live/apoptotic/necrotic cells were analysed in Becton
Dickinson FACS Calibur single laser flow cytometer (N]J,
USA) (Fig. 3a and b).

Statistical Analysis

Four independent sets of flow-cytometric experiments
and three independent sets of MTT assay were performed.
Data were expressed as percentage mean = SEM for all
independent experiments. Student’s t-test was performed
comparing test samples to respective controls. Statistical
analysis was done using graph pad prism software (San
Diego, USA). ‘p-value’ of 0.05 was considered statistically
significant.

RESULT

In this study recombinant winged bean trypsin inhibitor-2
was expressed from recombinant WbTI-2 molecule which
was cloned earlier by our group. In SDS-PAGE analysis
of cloned and expressed protein (Fig. 1a) the maximum
amount of expression of rWbTI2 was obtained at 0.5 mM
IPTG (Fig. 1a, lane 7). Western blot analysis of expressed
rWbTI-2 also indicated very low expression of rWbTI-2 in
un-induced E. coli (Fig. 1b, lane 1) but with gradual increase
of IPTG, the concentration of expressed protein increased
(Fig. 1b, lane 2-6). Single banded pure protein was
obtained using affinity chromatography (Fig. 1 b, c). The
purified protein was found to retain its complete trypsin
inhibitory activity. The yield of the purified recombinant
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protein was around 3.14 mg from 2.25 g wet cells (Table
1). Homogeneity of the purified WbTI-2 was ensured by
SDS-PAGE (Fig. 1c, lane 1) against native protein with
molecular mass ~20 kDa, (Fig. 1c, lane 2). WbTI-2 was
tested to have a significant effect on reducing the viability
of K562 CML cells by MTT assay (Fig. 2) and also it was
found to inhibit the proliferation of K562 cells in a dose
dependent manner (3,4, 5,10 and 15 pg/mL) but there was
no effect on the proliferation of PBMC cells. ICg, value of
the protein determined by MTT assay was 5 pg/mL. Simple
microscopic study also revealed significant increase in
number of dead cells with increasing concentration of
WbDbTI-2 (Table 2). Flow-cytometric analysis revealed
approximately 16.18% of WbTI-2 treated and 11.59% of
Imatinib treated cells were undergoing apoptosis whereas
the percentage of apoptosis in untreated cell group was
only 1.36% (Fig. 3).

DISCUSSION

Here three independent sets of MTT assay was carried
out and the data were expressed as percentage mean *
SEM. Student’s t-test was performed with every set of
PBMNC and K562 cells (n=3) where significant inhibition
of growth of K562 cells was found (p <0.05) compared
to PBMNC cells with increasing concentration of WbTI-2.
Moreover the ICg, value determined by MTT assay (5ug/
mL) implied that the protein is potent enough to kill CML
cells even in quite low concentration (Fig. 2, table 2). In
comparison to the untreated K562 cells, cells treated
with both WbTI-2 as well as imatinib showed shift of
distribution from viable (LL quadrant) to early apoptotic
(LR quadrant) and then to late apoptotic stage (UR
quadrant) in flow-cytometric analysis. This establishes
the apoptosis inducing ability of WbTI-2 protein (Fig.
3b, Table 3). Student’s t-test was performed with the
percentage means obtained (n=4) where the reduction of
number of viable cells on administration of both imatinib
as well as WbTI-2 was found to be significant (p <0.05)
with respect to the un-treated control cells (Table 3). Thus
the data reveals that the protein WbTI2 has significant
therapeutic potential and could be a non-toxic and safer
option for cancer therapy as the protein has been naturally
sourced (winged bean plant). However, further attempt
should be made to study the collateral effects of WbTI-2
on various other normal and cancerous cell types so that
the mechanism of action on such effect can be thoroughly
understood.

CONCLUSION

This study thus gives a clear indication that the trypsin
inhibitory protein WbTI-2 from winged bean plant has
an anti-tumor property on human CML cells with an ICg,
value of 5 pg/mL.




Tumoricidal effect of Plant protease inhibitor

ACKNOWLEDGEMENT

The author is thankful to Dr. Samir K Dutta, Scientist,
Indian Institute of Chemical Biology (Currently retired)
for providing all technical support to carry out this work.
The cooperation and support provided by Dr. Jaydeep
Sarangi, Principal, New Alipore College is also gratefully
acknowledged.

CONFLICT OF INTEREST

The author declares that there is no conflict of interest
related to this study.

REFERENCES

1. Deininger MW, Goldman JM, Melo JV- The molecular biology of
chronic myeloid leukemia. Blood. (2000); 96(10), 3343-3356;
doi:10.1182/blood.V96.10.3343

2. Bhutani N- The chronic myeloid leukemia in India: A Review.
International Journal of Science and healthcare research. ( 2020);
5(1); doi: https://doi.org/10.52403/ijshr

3. Alvarez RH, Kantarjian H, Cortes JE -The biology of chronic
myelogenous leukemia: implications for imatinib therapy.
Seminars in Hematology. (2007); 44, 4-S14; doi: 10.1053/j.
seminhematol.2006.12.007.

4. Melo ]V, Chuah C - Resistance to imatinib mesylate in chronic
myeloid leukemia. Cancer Letters. (2007); 249, 121-13; Melo
JV, Chuah C (2007) Resistance to imatinib mesylate in chronic
myeloid leukemia. Cancer Letters; 249, 121-13; doi: 10.1016/j.
canlet.2006.07.010

5. Corbin AS, Agarwal A, Loriaux M, Cortes ], Dininger MW, Druker
BJ-Human Chronic myeloid leukemia stem cells are insensitive
to imatinib despite inhibition of BCR-ABL activity. The journal
of clinical investigation. (2011); 121(1), 396-40; doi: 10.1172/
JCI35721.

6. Perl A, Carrol M- BCR-ABL kinase is dead; long live CML stem cell.
The Journal of Clinical Investigation. (2011); 121(1), 22-25; doi:
10.1172/]C143605

7. Marlin D, Bazeos A, Mahon FX, Eliasson L, Milojkovic D, Bua M,
Apperley JF, Szydlo R, Desai R, Kozlowski K, Paliompeis C, Latham
V, Foroni L, Molimard M, Reid A, Rezvani K, de Lavallade H, Guallar
C, Goldman ], Khorashad JS- Adherence is the critical factor for
achieving molecular responses in patients with chronic myeloid
leukemia who achieve complete cytogenetic responses on imatinib.
Journal of Clinical Oncology. (2010); 10; 28(14), 2381-2388; doi:
10.1200/JC0.2009.26.3087.

8. Ibrahim AR, Eliasson L, Apperley JF, Milojkovic D, Bua M, Szydlo
R, Mahon F X, Kozlowski K, Paliompeis C, Foroni L, Khorashad S,
Bazeos A, Molimard M, Reid A, Rezvani K, Gerrard G, Goldman J,

Marin D- Poor adherence is the main reason for loss of CCyR and
imatinib failure for chronic myeloid leukemia patients on long-
term therapy. Blood. (2011); 117(14), 3733-3736; doi: 10.1182/
blood-2010-10-309807.

9. Pandey R, Patil N, Rao M-Proteases and protease inhibitors:
Implications in antitumorigenesis and drug development.
International Journal of Human Genetics. (2007,and Published online:
04 Sep 2017); 7(1), 67-82; doi: 10.1080/09723757.2007.11885986

10.Raj D (Ed) - Protease Inhibitors. Functional Plant Science and
Biotechnology. (Special Issue 2012) 6,107

11.Suzuki K, Yano T, Sadzuka Y, Sugiyama T, Seki T, Asano R.
-Restoration of connexin 43 by Bowman-Birk protease inhibitor in
M5076 bearing mice. Oncology Reports. (2005); 13(6), 1247-1250

12.12. Kennedy AR, Billings PC, Wan XS, Newberne PM- Effects of
Bow-man-Birk inhibitor on rat colon carcinogenesis. Nutrition and
Cancer. (2002); 43(2), 174-186; doi: 10.1207/S15327914NC432_8.

13. Tang MX, Asamoto M, Ogawa K, Naiki-Ito A, Sato S, TakahasiS§, Shirai
T.-Induction of apoptosis in the LNCap human prostrate carcinoma
cellline and prostrate adenocarcinoma of SV40T antigen transgenic
rats by the Bowman-Birk inhibitor. Pathology International. (2009);
59(11), 790-796; doi: 10.1111/j.1440-1827.2009.02445 .x.

14. Caccialupi P, Ceci LR, Siciliano RA, Pignone D, Clemente A, Sonnante
G.-Bowman-Birk inhibitors in lentil: terologous expression,
functional characterization and anti-proliferative properties in
human colon cancer cells. Food Chemistry. (2010); 120, 1058-1066

15.Park SS, Obha H -Suppressive activity of protease inhibitors from
buck-wheat seeds against human T-acute phoblastic leukemia cell
lines. Applied Biochemistry Biotechnology. (2004); 117(2), 65-74;
doi: 10.1385/abab: 117:2:065.

16.Li YY, Zhang Z, Wang ZH, Wang HW, Zhang L, Zhu L- rBTI induces
apoptosis in human solid tumor cell lines by loss in mitochondrial
transmembrane potential and caspase activation. Toxicology
Letters. (2009); 189(2), 166-175; doi: 10.1016/j.toxlet.2009.05.018.

17. Bhattacharjee N, Banerjee S, Dutta SK- Cloning, expression and
mutational studies of a trypsin inhibitor that retains activity
even after cyanogen bromide digestion. Protein expression
and purification (Elsevier). (2014); 96: 26-31, doi:10.1016/j.
pep.2014.01.013.

18. Fenteany G, Schreiber SL- Specific inhibition of the chymotrypsin-
like activity of the proteasome induces a bipolar morphology in
neuroblastoma cells. Chem. Biol. (1996); 3(11); 905-912; doi:
10.1016/s1074-5521(96)90179-9.

19. Yamaue H, Tanimura H, Noguchi K, Hotta T, Tani M, Tsunoda T,
IwahashiM, Tamai M, Iwakura S -Chemo sensitivity testing of fresh
human gastric cancer with highly purified tumor cells using the
MTT assay. British Journal of Cancer (1992); 66, 794-799

20.Vermes I, Haanen C, Steffens-Nakken H, Reutelingsperger C -Anovel
assay forapoptosis. Flow cytometric detection of phosphatidylserine
expression on early apoptotic cells using fluorescein labeled
Annexin V. Journal of Immunological Methods;(1995), 184, 39-51

HOW TO CITE THIS ARTICLE: Bhattacharjee N. Anti-tumor Property of Plant Protease Inhibitor on Human Chronic Myeloid Leukemia Cells. Int. J.
Pharm. Sci. Drug Res. 2022;14(4):373-377. DOI: 10.25004/IJPSDR.2022.140402

Int. J. Pharm. Sci. Drug Res., July-August, 2022, Vol 14, Issue 4, 373-377 377



