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Abstract

Background: Most anti-cancer drugs target mitosis and induce apoptosis in cancerous cells. In the immune system, proliferation
and apoptosis of lymphocytes are indeed essential modulating elements.

Objectives: In this study, we have investigated the effect of vincristine on normal resting and normal proliferating lymphocytes
comparing with cancerous cells.

Methods: Resting and proliferating splenocytes from mice and BCL1 (mouse lymphoma cell line) were cultured with different con-
centrations of vincristine for 48 hours, and cell lysates were prepared. The activity of caspases 3, 8,and 9 in cell lysates was measured
using specific chromogenic substrates DEVD-pNA for caspase 3, IETD-pNA for caspase 8, and LEHD-pNA for caspase 9, the activity cal-
culated as ymol/min/mg protein.

Results: In the BCL1 cell line, the activity of both caspases 8 and 9 and caspase 3 increased at the presence of vincristine (5 pg/mL).In
resting splenocytes, however, only a mild increase in caspase 9 activity was observed without any change in the activity of caspases
8 or 3. In the same situation, the activity of caspase 3 and 9 (but not caspase 8) elevated in proliferating cells exposed to vincristine.
Nearly similar results were obtained with higher concentrations of vincristine (up 20 pg/mL).

Conclusions: The results suggesting that vincristine may induce internal pathways of apoptosis in normal and cancerous cells
while extrinsic pathway was induced in cancerous cells. On the other hand, the effects are highly dependent on the activation status
of normal cells, and affirms that responding immune cells should be more seriously noticed when side effects of anticancer drugs

are estimated.
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1. Background

Vincristine, as a key drug for the treatment lymphoid
malignancies. belongs to Vinca alkaloids - the second-
most-used class of cancer drugs. It was widely used as a po-
tent chemotherapeutic agent in the treatment of various
cancers such as lymphoma; however, it has common side
effects including nausea, vomiting, weight loss, diarrhea,
bloating, mouth sores, dizziness, headache, hair loss, and
also neutropenia and peripheral neuropathy (1-3).

Many anti-cancer chemotherapy drugs target mitosis,
hence induce apoptosis in cancerous cells, such as vin-
cristine, which induces mitotic arrest as a microtubule
inhibitor (4, 5). Therefore, cells undergo more apopto-
sis when they are more dividing. However, many studies
regarding the effects of vincristine may notice only nor-
mal resting lymphocytes e.g. peripheral blood mononu-

clear cells, so the effect on normal activated lymphocytes
remains unseen whereas these normal proliferating cells
may be more susceptible to cytotoxic effects of the drug. It
is noteworthy to consider that proliferation and apoptosis
of lymphocytes are essential parts of the immune modu-
lation and apoptosis induction by chemotherapy drugs in-
clude the normal proliferating lymphocytes responsive to
malignancies or other invaders.

Caspases (cysteine-dependent asparagine-oriented
protease) are the main players in apoptosis. Two distinct
yet interconnected signaling pathways control apoptosis
by activating caspases. The intrinsic apoptotic pathway
engages caspase 9 via members of the BCL-2 protein fam-
ily and the mitochondria in reaction to severe cellular
damage or stress and is mediated by a multimeric adap-
tor complex known as the Apaf-1 apoptosome (6). The
extrinsic pathway however usually activates caspase 8 via
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cell-surface death receptors (7). The activation of caspase
8 may lead to caspase 9 activation as well (8, 9). Caspase 8
has anti-tumor roles, and increased levels of caspase 3 in
tumor cells induce apoptosis (10, 11).

The detailed mechanism involved in the induction of
apoptosis by vincristine not yet well defined, but it is
caspase-dependent (12). Its apoptosis induction or caspase
activation in normal proliferating lymphocytes is also un-
clear. We have previously shown that 10 pg/mL (and more)
of vincristine caused cell death in both resting and prolif-
erating lymphocytes in vitro and the cells undergo apop-
tosis (double staining with acridine orange and ethidium
bromide) (13). However, the apoptotic pathway induced
by vincristine in proliferating and resting normal lympho-
cytes and lymphoma cell lines is not clearly compared.

2. Objectives

The aim of this study is to evaluate the effect of vin-
cristine on the activity of main apoptotic caspases (3, 8 and
9)in resting and proliferating lymphocytes and cancerous
lymphoma cell line (B cell lymphoma BCL1).

3. Methods

3.1. Cells and Culture

3.11. Splenocytes

The spleen of 8 - 10-weeks BALB/c mice was removed
under sterile conditions and the splenocytes separated as
cell suspension and centrifuged, then resuspended in 2 mL
Tris-buffered (0.2%) ammonium chloride (0.83%) and incu-
bated for 2 minutes at room temperature to remove red
blood cells. Immediately after that, 2 mL of fetal bovine
serum (FCS) (Gibco) was added, centrifuged at 300 g for
10 minutes, and washed twice with RPMI medium (Gibco).
Cell viability, as determined by the Trypan blue exclusion
method, exceeded 95%. The cells were resuspended in 10%
FCS RPMI medium and cultured in 96-well microplates at 2
x 10° cells per well.

Vincristine, at various concentrations (3.7, 5,10 and 20
pg/mL depending on work design), were added with or
without 25 yg/mL concanavalin A (Con A) as a lymphocyte
stimulator (5 wells were assigned for each condition) and
incubated for 48 hours at 37°C, 5% CO,.

3.1.2. Cell Line

BCL1 cells were purchased from the Pasteur Institute
Cell Bank (Tehran, Iran, code C551). The cells were cultured
and passaged at 37°C, 5% CO, in 10% FCS supplemented
RPMI1640 Medium. 2 x 10* cells were added to each well

of the 96-well microplate and cultured overnight, then,
the supernatants were removed and the desired concentra-
tions of vincristine were added (5 wells for each condition)
and incubated for 48 hours at 37°C, 5% CO,.

3.2. Cell Lysates

Briefly, after treatment with desired doses of vin-
cristine for a specific time period (48 hours), the cells were
washed and then lysed in a lysis buffer composed of 20 mM
PIPES (piperazine-N, N'-bis (2-ethanesulfonic acid)), 10 mM
KCl (potassium chloride), 2 mM MgCl, (magnesium chlo-
ride), 4 mM DTT (Dithiothreitol), pH 7.4 and 20 uL antipro-
tease PMSF (phenylmethylsulfonyl fluoride, and 1 L leu-
peptin were added per 1mL of lysing buffer). To obtain total
protein of each sample,100 uL of this cocktail wasadded to
each 10° splenocytes or 10° BCL1 and incubated on ice for
30 minutes. Then, the cells were passed from an insulin sy-
ringe 10 times and the Lysates were clarified by centrifuga-
tion at 3500 g (4°C) for 15 minutes. The supernatants were
collected and froze at -70°C and the total protein of each
sample was determined by the Bradford Method (14).

3.3. Caspase Activity

The caspase activity was assessed using specific col-
orimetric substrates labeled with the chromophore
p-nitroaniline (pNA). Fifty uL of the cell lysates was
mixed with 50 pL of caspase assay buffer composed of
100 mM NacCl (sodium chloride), 50 mM Hepes (N-2-
hydroxyethylpiperazine-N'-2-ethanesulfonic acid), 0.1%
CHAPS (3- ((3-Cholamidopropyl) dimethylammonio)-1-
propanesulfonic acid), 0.1 mM EDTA (ethylene diamine
tetraacetic acid),10 mM DTT, in 10% Glycer, pH=7.40l), 5 L
of caspase 3 substrate DEVD-pNA (N-Acetyl-Asp-Glu-Val-Asp
p-nitroanilide) was added and incubated at 37°C for 4
hours. Hydrolysis of DEVD-pNA by caspase 3 released free
PNA that produces a yellow color detectable at 405 nm.
The cleavage of the peptide substrate was monitored at
405 nm using a 96-well microplate reader at time intervals
of 10 minutes. The same protocol performed for Caspase -9
but the specific substrate replaced by LEHD-pNA (N-Acetyl-
Leu-Glu-His-Asp p-nitroanilide). caspase assay buffer for
caspase 8 was a little different (100 mM NaCl, 50 mM
Hepes, 0.1% CHAPS, 0.5 mM EDTA, BSA 0.05 %, 1 mM DTT,
in 10% Glycer, pH = 7.40l) and IETD-pNA (N-Acetyl-Ile-Glu-
Thr-Asp-p-nitroanilide) was used as a specific substrate
(15). Supernatants of untreated cells were considered
as a negative control. Control 1 (without substrate) and
control 2 (without supernatant) were included as well.
Caspase activity was measured using a standard curve
with known concentrations of specific substrate, and the
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activity according to ymol/min/mg protein was calculated
whenever necessary. The experiments were conducted on
three independent samples of cultured cells.

3.4. Statistical Analysis

Statistical differences were assessed by the ANOVA
(analysis of variance) and Tukey’s post hoc testand P< 0.05
was considered statistically significant.

4. Results

4.1. BCL1 (Cancerous Cell): Caspase 8, 9 and 3 Activation

As shown in Figure 1A, in vincristine treated cells (5
pg/mlL, 48-hour incubation), the activity of caspase 3 was
significantly augmented as assayed in cell lysates. Vin-
cristine also causes an increase in the activity of caspases 8
and 9 detectable 20 minutes after adding substrate to cell
lysate (Figure 1B and C).

The activity of caspases was calculated using a standard
curve with known concentrations of substrates and pre-
sented as ymol/min/mg protein (table of Figure 1). In the
normal culture of BCL1 cells, no caspase 3 activity was ob-
served, however, at the presence of vincristine, the activity
of caspase 3 was 4.87 £ 0.88 umol/min/mg protein; more
than each of caspases 8 or 9 (3.29 & 0.06 and 3.53 &= 0.09
pmol/min/mg protein, respectively, P <). In lower concen-
tration of vincristine (3.7 ug/mL), the activity of both cas-
pases 8 and 9 were less but detectable (2.18 £ 0.87 and 1.58
=+ 0.07 pmol/min/mg protein respectively) and no caspase
3 activation was observed.

4.2. Normal Resting Splenocytes: Low-Level Activation of Cas-
pase9

As shown in Figure 2, vincristine at 5 yg/mL induced a
low-level activation of Caspase 9 in normal resting lympho-
cytes (from mouse spleen), but no activity of caspase 8 and
capase-3 was observed.

Higher concentrations of vincristine were also ex-
amined and the caspase activity was calculated as
pmol/min/mg protein presented in table of Figure 2.
As shown, at the absence of vincristine (normal culture),
resting lymphocytes have no caspase 3 activity, however,
at the presence of vincristine, the activity of caspase 3
was observed at 10 and 20 ug/mL concentration (5.95 +
0.50 and 6.73 &= 0.28 ymol/min/mg protein respectively),
but not at 5 ug/mL of vincristine. There was no increase
in caspase 8 of normal resting cells in any concentration
of vincristine used, but caspase 9 activity was elevated
dose-dependently i.e. 1.99 + 0.29, 3.93 & 0.12 and 13.49
+ 0.63 pmol/min/mg protein at 5, 10 and 20 pg/mL of
vincristine respectively.
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4.3. Normal Proliferating Splenocytes: Activation of Caspase 9
and 3

As shown in Figure 3, in normal proliferating lympho-
cytes, vincristine at 5 pg/mL induced both caspase 3 and
caspase 9 activity, but not caspase 8.

Vincristine at higher concentrations (8.5 and 20
pg/mL) had no observable effect on caspase 8 activity,
however, it significantly augmented the activity of caspase
9 and caspase 3 (table of Figure 3). The highest level of
caspase activity has been observed in caspase 9 activity
when vincristine was administered at 20 pg/mL (23.81
0.02 ymol/min/mg protein).

4.4. Caspase Activities

A comparison between the effect of vincristine (5
pg/mL) on various caspases (3, 8, and 9) and various cells
(cancerous BCL1, normal resting and activated lympho-
cytes) is presented in Figure 4A . The activity of caspase 3
and 9 in activated lymphocytes is clearly comparable with
BCL1 cells, although resting cells have no caspase 3 activity
and caspase 8 activity is seen only in BCL1. As shown in Fig-
ure 4B, caspases 3 and 9 are activated at higher concentra-
tions (20 pg/mL) both in resting and stimulated cells, al-
though the activity is about twice in activated cells.

5. Discussion

Apoptosis induction is one of the important mecha-
nisms regarding cancer therapy (16). Vincristine bind to 8-
tubulin close to the guanosine triphosphate (GTP)-binding
sites (the vinca domain) at the S-a-tubulin heterodimers
(17). Prolonged mitotic arrest leads to phosphorylation-
mediated inactivation of BCL-2 and BCL-XL. Inactivation of
antiapoptotic BCL-2 proteins promotes activation of BAX
(BCL2-associated X protein) and BAK (Bcl-2 homologous an-
tagonist killer), cleavage of caspase-9 and -3 and caspase-
dependent apoptosis (18). It induces distinct death pro-
grams in primary ALL cells depending on cell-cycle phase,
and cells in G1 are particularly susceptible to perturbation
of interphase microtubules (19). Pharmacokinetic studies
of vincristine in patients with cancer have shown variable
characteristics (few minutes to hundred hours in serum)
and also neurotoxic side effects. It is able to accumulate
a few hundred times more than extracellular concentra-
tions (20-23).

Apoptosis and proliferation in lymphocytes are among
the most important features of the immune system (24,
25). Lymphocytes in response to invaders (including ma-
lignancies) start to proliferate before any effector function
(26, 27). Therefore, anti-tumor drugs may affect normal
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Figure 1.2 X 10* BCL1 cells were incubated with vincristine at 5 ;g/mL for 48 hours, then, cell lysates were prepared and colorimetric assay of caspase activity was performed
using DEVD-pNA for caspase 3 (A), IETD-pNAfor caspase 8 (B), and LEHD-pNA for caspase 9 (C) as a substrate. The absorbance was read at 10 min intervals. Supernatants of
untreated cells were (without Vincristine) considered as a negative control, the sample without substrate was designed as “control 1” and without supernatant as “control 2”.
The results are presented as mean = SD (very low SD in some experiments makes the bars hardly visible) and the activity of caspases 3, 8, and 9 in BCL1 lymphoma cell line is

shown as zmol/min/mg protein (table).

proliferating lymphocytes much more than normal rest-
ing lymphocytes, however, these normal resting cells from
the peripheral blood are usually used to study the adverse
effect of vincristine on lymphocytes (28, 29). Thus, eval-
uating the effect of an anti-tumor drug (especially anti-
lymphoma) on activated normal lymphocytes could be in-
formative.

We have previously reported that different concentra-
tions of vincristine induce cell death and apoptosis in rest-
ing and proliferating spleen lymphocytes. The cytotoxic-
ity of vincristine was determined by the MTT assay and the
percentage of apoptotic cells were also determined using
double staining acridine orange and ethidium bromide.
The toxic effect of vincristine on normal cells was highly de-
pendent on the time and activation status of the cells. The
IC50-according to MTT test - was about 3.6 pg/mL for BCL1
and 10.6 and 8.5 pg/mL for resting and proliferating lym-
phocytes respectively (13). In this study, we compared the
effect of vincristine on the activity of main apoptotic cas-
pases (3, 8,and 9) inresting and proliferating lymphocytes
in addition to cancerous lymphoma cell line (BCL1).

According to our results, vincristine (5 ug/mL) induces
the activity of both caspase 8 and 9 (and caspase 3) in BCL1
cell line. These results are in agreement with various stud-
ies reporting that vincristine induces caspase 3 (or 7) and

caspase 8 activation in various cell lines (30-33) and pro-
moted the expression of caspase-9 (and caspase-3) in hu-
man neuroblastoma cells (34).

It is noteworthy that lower concentration causes gen-
tly increase in the activity of caspases 8 and 9 in BCL1 cell
line butdid not results in caspase 3 activation immediately.
It may be due to weak activation of caspases unable to lead
toreach the threshold to activate caspase 3 (35). There is an
in vitro study that shows that increased cytotoxicity with
alterations in G1and S cell cycle phases may occur without
detectable differences in apoptosis (36).

In resting splenocytes only a mild increase in caspase
9 activity was observed without any change in the activity
of caspase 8 or 3. It can be attributed to the low toxicity of
vincristine on normal lymphocytes. At the same situation,
the activity of caspase 3and 9 elevated in proliferating cells
exposed to vincristine (1.5 fold). The results indicate that
the activated lymphocytes are more susceptible to apopto-
sis. The same results were obtained with higher concentra-
tions of vincristine (up 20 pug/mL) i.e. no caspase 8 activ-
ity in non-cancerous splenocytes (resting or proliferating)
and augmented activity of caspase 9 and 3 in both. It can
be concluded likewise that the caspase 8 pathway was not
easily activated in normal lymphocytes by vincristine.

Regarding the importance of lymphocytes (and their
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Figure 2. Vincristine at 5 pg/mL were added to 2 X 10° splenocytes and cultured for 48 hours, cell lysates prepared and caspase activity was assayed colorimetric using
DEVD-pNA for caspase 3 (A), IETD-pNA for caspase 8 (B), and LEHD-pNA for caspase 9 (C) as a substrate. The absorbance was read at 10 min intervals. Supernatants of untreated
cells (without Vincristine) were considered as a negative control, the sample without substrate designed as “control 1” and without supernatant as “control 2”. The results
are presented as mean = SD (very low SD in some experiments makes the bars hardly visible) and the activity of caspases 3, 8, and 9 in BCL1 lymphoma cell line is shown as a

pmol/min/mg protein (table).

proliferation), in response to various pathogens and also
tumor cells, paying attention to the activation status of
these cells leads to more admissible results.
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using DEVD-pNA for caspase 3 (A), IETD-pNA for caspase 8 (B), and LEHD-pNA for caspase 9 (C) as a substrate. The absorbance was read at 10 min intervals. Supernatants of
untreated cells (without vincristine) was considered as a negative control, the sample without substrate designed as “control 1” and without supernatant as “control 2”. The
results are presented as mean = SD (very low SD in some experiments makes the bars hardly visible) and the activity of caspases 3, 8,and 9 in BCL1 lymphoma cell line is shown
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A

Fold Increase in Caspase Activity

=]

Fold Increase in Caspase Activity

Comparing the Effect of Vincristine (5 pg/ml) on
Caspase Activity of Cancerous Cell Line and Normal
Lymphocytes
3 Caspase 8
£ Caspase 9
m Caspase 3

BCL1 Resting... Proliferating...

The effect of High Concentration of Vincristine (20
pg/ml) on Resting and Proliferating Lymphocytes
4 e Caspase 9

3.5 ®Caspase 3

25

Resting Lymphocytes  Proliferating Lymphocytes

Figure 4. Comparing the activation of caspases with vincristine at 5 j1g/mL (A) or 20
11g/mL (B) administered in vitro. Briefly 2 X 10* BCL1or 2 X 10° splenocytes resting
or stimulated (with ConA) were cultured at the presence or absence of vincristine
for 48 hours; cell lysates were prepared and caspase activity was assayed colorimet-
rically and the caspase activity was calculated using standard curves (fold increase
according to resting lymphocytes at 5 p1g/mL vincristine).

6

References

1. Moudi M, Go R, Yien CY, Nazre M. Vinca alkaloids. Int | Prev

Med. 2013;4(11):1231-5. [PubMed: 24404355]. [PubMed Central:
PM(3883245].

2. Han Y, Smith MT. Pathobiology of cancer chemotherapy-induced

peripheral neuropathy (CIPN). Front Pharmacol. 2013;4:156. doi:
10.3389/fphar.2013.00156. [PubMed: 24385965]. [PubMed Central:
PM(C3866393].

3. Wilson WH. Treatment strategies for aggressive lymphomas: what

works? Hematology Am Soc Hematol Educ Program. 2013;2013:584-90.
doi: 10.1182/asheducation-2013.1.584. [PubMed: 24319235].

4. ChumduriC, Gillissen B, Richter A, Richter A, Milojkovic A, Overkamp

T, et al. Apoptosis resistance, mitotic catastrophe, and loss of ploidy
control in Burkitt lymphoma. ] Mol Med (Berl). 2015;93(5):559-72. doi:
10.1007/s00109-014-1242-2. [PubMed: 25548804].

5. Hensley P, Mishra M, Kyprianou N. Targeting caspases in cancer

therapeutics. Biol Chem. 2013;394(7):831-43. doi: 10.1515/hsz-2013-0128.
[PubMed: 23509217]. [PubMed Central: PMC3721733].

6. Hu Q, Wu D, Chen W, Yan Z, Yan C, He T, et al. Molecular determi-

nants of caspase-9 activation by the Apaf-1apoptosome. Proc Natl Acad
Sci US A.2014;111(46):16254-61. doi: 10.1073/pnas.1418000111. [PubMed:
25313070]. [PubMed Central: PMC4246342].

7. Ashkenazi A. Targeting the extrinsic apoptotic pathway in cancer:

Lessons learned and future directions. J Clin Invest. 2015;125(2):487-

Zahedan | Res Med Sci. 2019; 21(4):e9936.


http://www.ncbi.nlm.nih.gov/pubmed/24404355
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3883245
http://dx.doi.org/10.3389/fphar.2013.00156
http://www.ncbi.nlm.nih.gov/pubmed/24385965
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3866393
http://dx.doi.org/10.1182/asheducation-2013.1.584
http://www.ncbi.nlm.nih.gov/pubmed/24319235
http://dx.doi.org/10.1007/s00109-014-1242-2
http://www.ncbi.nlm.nih.gov/pubmed/25548804
http://dx.doi.org/10.1515/hsz-2013-0128
http://www.ncbi.nlm.nih.gov/pubmed/23509217
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3721733
http://dx.doi.org/10.1073/pnas.1418000111
http://www.ncbi.nlm.nih.gov/pubmed/25313070
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4246342
http://zjrms.com

Shahhosseini M et al.

10.

1.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

9. doi: 10.1172[JCI80420. [PubMed: 25642709]. [PubMed Central:
PMC4319431].

. Ola MS, Nawaz M, Ahsan H. Role of Bcl-2 family proteins and caspases

in the regulation of apoptosis. Mol Cell Biochem. 2011;351(1-2):41-58.
doi: 10.1007/s11010-010-0709-x. [PubMed: 21210296].

. Creagh EM. Caspase crosstalk: Integration of apoptotic and innate

immune signalling pathways. Trends Immunol. 2014;35(12):631-40. doi:
10.1016.it.2014.10.004. [PubMed: 25457353].

Shalini S, Dorstyn L, Dawar S, Kumar S. Old, new and emerg-
ing functions of caspases. Cell Death Differ. 2015;22(4):526-39.
doi: 10.1038/cdd.2014.216. [PubMed: 25526085]. [PubMed Central:
PMC4356345].

MacKenzie SH, Clark AC. Death by caspase dimerization. Adv Exp
Med Biol. 2012;747:55-73. doi: 10.1007/978-1-4614-3229-6_4. [PubMed:
22949111]. [PubMed Central: PMC3877935].

. ZhuBK,WangP,Zhang XD, Jiang CC, Chen LH, Avery-Kiejda KA, et al. Ac-

tivation of Jun N-terminal kinase is a mediator of vincristine-induced
apoptosis of melanoma cells. Anticancer Drugs. 2008;19(2):189-200.
doi: 10.1097/CAD.0b013e3282f3138a. [PubMed: 18176116 .

Shahhosseini M, Kabudanian Ardestani S, Yaraee R. [Comparing the
efffect of vincristine on proliferating normal lymphocytes and BCL1
cell line]. Daneshvar Med. 2012;11:1-11. Persian.

Rahmani-Nezhad S, Safavi M, Pordeli M, Ardestani SK, Khosravani
L, Pourshojaei Y, et al. Synthesis, in vitro cytotoxicity and apopto-
sis inducing study of 2-aryl-3-nitro-2H-chromene derivatives as po-
tent anti-breast cancer agents. Eur ] Med Chem. 2014;86:562-9. doi:
10.1016/j.ejmech.2014.09.017. [PubMed: 25216378].

Bradford MM. A rapid and sensitive method for the quantita-
tion of microgram quantities of protein utilizing the princi-
ple of protein-dye binding. Anal Biochem. 1976;72:248-54. doi:
10.1006/abi0.1976.9999. [PubMed: 942051].

Goldar S, Khaniani MS, Derakhshan SM, Baradaran B. Molecu-
lar mechanisms of apoptosis and roles in cancer development
and treatment. Asian Pac | Cancer Prev. 2015;16(6):2129-44. doi:
10.7314/apjcp.2015.16.6.2129. [PubMed: 25824729].

van Vuuren R], Visagie MH, Theron AE, Joubert AM. Antimitotic
drugs in the treatment of cancer. Cancer Chemother Pharma-
col. 2015;76(6):1101-12. doi: 10.1007/s00280-015-2903-8. [PubMed:
26563258]. [PubMed Central: PMC4648954].

Czaplinski S, Hugle M, Stiehl V, Fulda S. Polo-like kinase 1 inhibition
sensitizes neuroblastoma cells for vinca alkaloid-induced apoptosis.
Oncotarget.2016;7(8):8700-11. doi: 10.18632/oncotarget.3901. [PubMed:
26046302]. [PubMed Central: PMC4890998].

Kothari A, Hittelman WN, Chambers TC. Cell cycle-dependent
mechanisms underlie vincristine-induced death of primary acute
lymphoblastic leukemia cells. Cancer Res. 2016;76(12):3553-61. doi:
10.1158/0008-5472.CAN-15-2104. [PubMed: 27197148]. [PubMed Central:
PMC4911277].

Lengsfeld AM, Dietrich ], Schultze-Maurer B. Accumulation and re-
lease of vinblastine and vincristine by HeLa cells: Light microscopic,
cinematographic, and biochemical study. Cancer Res.1982;42(9):3798-
805. [PubMed: 7105045].

Said R, Tsimberidou AM. Pharmacokinetic evaluation of vincristine
for the treatment of lymphoid malignancies. Expert Opin Drug Metab
Toxicol. 2014;10(3):483-94. doi: 10.1517/17425255.2014.885016. [ PubMed:
24512004].

Mora E, Smith EM, Donohoe C, Hertz DL. Vincristine-induced pe-
ripheral neuropathy in pediatric cancer patients. Am ] Cancer
Res. 2016;6(11):2416-30. [PubMed: 27904761]. [PubMed Central:

Zahedan | Res Med Sci. 2019; 21(4):e9936.

23.

24.

25.

26.

27.

28.

20.

30.

3L

32.

33.

34.

35.

36.

PMC5126263].
Visconti R, Grieco D. Fighting tubulin-targeting anticancer drug
toxicity and resistance. Endocr Relat Cancer. 2017;24(9):T107-17. doi:

10.1530/ERC-17-0120. [PubMed: 28808045].
Malemud CJ, Haque A, Louis NA, Wang J. Immune response and apop-

tosis - introduction. J Clin Cell Immunol. 2012;1(S3). doi: 10.4172[2155-
9899.53-e001.

Beug ST, Cheung HH, LaCasse EC, Korneluk RG. Modulation of
immune signalling by inhibitors of apoptosis. Trends Immunol.
2012;33(11):535-45. doi: 10.1016/j.it.2012.06.004. [PubMed: 22836014].
Xu G, Shi Y. Apoptosis signaling pathways and lymphocyte home-
ostasis. Cell Res. 2007;17(9):759-71. doi: 10.1038/cr.2007.52. [PubMed:
17576411].

Mognol GP, Carneiro FR, Robbs BK, Faget DV, Viola JP. Cell cycle and
apoptosis regulation by NFAT transcription factors: New roles for
an old player. Cell Death Dis. 2016;7. €2199. doi: 10.1038/cddis.2016.97.
[PubMed: 27100893]. [PubMed Central: PMC4855676].

Zwaan CM, Kaspers GJ, Pieters R, Hahlen K, Janka-Schaub GE, van
Zantwijk CH, et al. Different drug sensitivity profiles of acute myeloid
and lymphoblastic leukemia and normal peripheral blood mononu-
clear cells in children with and without Down syndrome. Blood.
2002;99(1):245-51. doi: 10.1182/blood.v99.1.245. [PubMed: 11756178].
Vilpo JA, Koski T, Vilpo LM. Selective toxicity of vincristine against
chronic lymphocytic leukemia cells in vitro. Eur | Haematol.
2000;65(6):370-8. doi: 10.1034/j.1600-0609.2000.065006370.X.
[PubMed: 11168494].

Delgado ME, Olsson M, Lincoln FA, Zhivotovsky B, Rehm M. Deter-
mining the contributions of caspase-2, caspase-8 and effector cas-
pases to intracellular VDVADase activities during apoptosis initia-
tion and execution. Biochim Biophys Acta. 2013;1833(10):2279-92. doi:
10.1016/j.bbamcr.2013.05.025. [PubMed: 23747563].

Cavaliere V, Papademetrio DL, Lombardo T, Costantino SN, Blanco GA,
Alvarez EM. Caffeic acid phenylethyl ester and MG132, two novel non-
conventional chemotherapeutic agents, induce apoptosis of human
leukemic cells by disrupting mitochondrial function. Target Oncol.
2014;9(1):25-42. doi: 10.1007/511523-013-0256-y. [PubMed: 23430344].
Shimizu H, Ohgoh M, Momose Y, Nishizawa Y, Ogura H. Mas-
sive cell death of cerebellar granule neurons accompanied with
caspase-3-like protease activation and subsequent motor discoordi-
nation after intracerebroventricular injection of vincristine in mice.
Neuroscience. 2002;115(1):55-65. doi: 10.1016/s0306-4522(02)00403-7.
[PubMed: 12401321].

Tabal S, Elbanani A, Deyab M, Abulayha A. Rituximab increases
the cytotoxicities of vincristine and hydroxyurea through caspase-
dependent and caspase-independent cell death, respectively. Can-
cer Biother Radiopharm. 2015;30(3):125-31. doi: 10.1089/cbr.2014.1769.
[PubMed: 25714921].

TuY,ChengS$,Zhang S, Sun H, Xu Z. Vincristine induces cell cycle arrest
and apoptosis in SH-SY5Y human neuroblastoma cells. Int ] Mol Med.
2013;31(1):113-9. doi: 10.3892/ijmm.2012.1167. [PubMed: 23129065].
Thomsen ND, Koerber JT, Wells JA. Structural snapshots reveal dis-
tinct mechanisms of procaspase-3 and -7 activation. Proc Natl Acad
Sci U'S A. 2013;110(21):8477-82. doi: 10.1073/pnas.1306759110. [PubMed:
23650375]. [PubMed Central: PMC3666719].

Florez MM, Feo HB, da Silva GN, Yamatogi RS, Aguiar AJ, Araujo JPJr, et
al. Cell cycle kinetics, apoptosis rates and gene expressions of MDR-1,
TP53, BCL-2 and BAX in transmissible venereal tumour cells and their
association with therapy response. Vet Comp Oncol. 2017;15(3):793-807.
doi: 10.1111/vc0.12220. [PubMed: 26879698].


http://dx.doi.org/10.1172/JCI80420
http://www.ncbi.nlm.nih.gov/pubmed/25642709
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4319431
http://dx.doi.org/10.1007/s11010-010-0709-x
http://www.ncbi.nlm.nih.gov/pubmed/21210296
http://dx.doi.org/10.1016/j.it.2014.10.004
http://www.ncbi.nlm.nih.gov/pubmed/25457353
http://dx.doi.org/10.1038/cdd.2014.216
http://www.ncbi.nlm.nih.gov/pubmed/25526085
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4356345
http://dx.doi.org/10.1007/978-1-4614-3229-6_4
http://www.ncbi.nlm.nih.gov/pubmed/22949111
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3877935
http://dx.doi.org/10.1097/CAD.0b013e3282f3138a
http://www.ncbi.nlm.nih.gov/pubmed/18176116
http://dx.doi.org/10.1016/j.ejmech.2014.09.017
http://www.ncbi.nlm.nih.gov/pubmed/25216378
http://dx.doi.org/10.1006/abio.1976.9999
http://www.ncbi.nlm.nih.gov/pubmed/942051
http://dx.doi.org/10.7314/apjcp.2015.16.6.2129
http://www.ncbi.nlm.nih.gov/pubmed/25824729
http://dx.doi.org/10.1007/s00280-015-2903-8
http://www.ncbi.nlm.nih.gov/pubmed/26563258
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4648954
http://dx.doi.org/10.18632/oncotarget.3901
http://www.ncbi.nlm.nih.gov/pubmed/26046302
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4890998
http://dx.doi.org/10.1158/0008-5472.CAN-15-2104
http://www.ncbi.nlm.nih.gov/pubmed/27197148
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4911277
http://www.ncbi.nlm.nih.gov/pubmed/7105045
http://dx.doi.org/10.1517/17425255.2014.885016
http://www.ncbi.nlm.nih.gov/pubmed/24512004
http://www.ncbi.nlm.nih.gov/pubmed/27904761
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5126263
http://dx.doi.org/10.1530/ERC-17-0120
http://www.ncbi.nlm.nih.gov/pubmed/28808045
http://dx.doi.org/10.4172/2155-9899.S3-e001
http://dx.doi.org/10.4172/2155-9899.S3-e001
http://dx.doi.org/10.1016/j.it.2012.06.004
http://www.ncbi.nlm.nih.gov/pubmed/22836014
http://dx.doi.org/10.1038/cr.2007.52
http://www.ncbi.nlm.nih.gov/pubmed/17576411
http://dx.doi.org/10.1038/cddis.2016.97
http://www.ncbi.nlm.nih.gov/pubmed/27100893
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4855676
http://dx.doi.org/10.1182/blood.v99.1.245
http://www.ncbi.nlm.nih.gov/pubmed/11756178
http://dx.doi.org/10.1034/j.1600-0609.2000.065006370.x
http://www.ncbi.nlm.nih.gov/pubmed/11168494
http://dx.doi.org/10.1016/j.bbamcr.2013.05.025
http://www.ncbi.nlm.nih.gov/pubmed/23747563
http://dx.doi.org/10.1007/s11523-013-0256-y
http://www.ncbi.nlm.nih.gov/pubmed/23430344
http://dx.doi.org/10.1016/s0306-4522(02)00403-7
http://www.ncbi.nlm.nih.gov/pubmed/12401321
http://dx.doi.org/10.1089/cbr.2014.1769
http://www.ncbi.nlm.nih.gov/pubmed/25714921
http://dx.doi.org/10.3892/ijmm.2012.1167
http://www.ncbi.nlm.nih.gov/pubmed/23129065
http://dx.doi.org/10.1073/pnas.1306759110
http://www.ncbi.nlm.nih.gov/pubmed/23650375
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3666719
http://dx.doi.org/10.1111/vco.12220
http://www.ncbi.nlm.nih.gov/pubmed/26879698
http://zjrms.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Cells and Culture
	3.1.1. Splenocytes
	3.1.2. Cell Line

	3.2. Cell Lysates
	3.3. Caspase Activity 
	3.4. Statistical Analysis 

	4. Results
	4.1. BCL1 (Cancerous Cell): Caspase 8, 9 and 3 Activation
	Figure 1

	4.2. Normal Resting Splenocytes: Low-Level Activation of Caspase 9
	Figure 2

	4.3. Normal Proliferating Splenocytes: Activation of Caspase 9 and 3
	Figure 3

	4.4. Caspase Activities
	Figure 4


	5. Discussion
	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

