
Abstract. The present study was designed to identify
conditions that could increase the sensitivity of resistant cancer
cells to antimitotic drugs. We investigated whether a Janus
kinase 2 (JAK2) inhibitor used in clinical trials, XL019,
sensitizes antimitotic drug-resistant KBV20C cells. XL019
reduced cellular viability and increased apoptosis in vincristine-
treated KBV20C cells, independently of the JAK/signal
transducer and activator of transcription (STAT) pathway.
Based on the ATP-binding cassette protein B1 [ABCB1, P-
glycoprotein (P-gp)] inhibitory assay, we demonstrated that
XL019 functions as a P-gp inhibitor in drug-resistant KBV20C
cells. Considering that another JAK2 inhibitor, CEP-33779,
also inhibited P-gp and sensitized drug-resistant cancer cells in
a previous study, we concluded that JAK2 inhibitors can be
used as P-gp inhibitors in drug-resistant cancer cells.
Fluorescence-activated cell sorting, western blot, and annexin
V analyses were used to further investigate the mechanism of
action of XL019 in vincristine-treated KBV20C cells. XL019
induced early apoptosis of KBV20C cells in response to
vincristine treatment via increased G2 phase arrest. Moreover,
G2 phase arrest and apoptosis of cells co-treated with
vincristine and XL019 resulted from the up-regulation of
phosphorylated retinoblastoma protein (pRb), p21, and the
DNA-damage protein, phosphorylated H2A histone family,
member X (pH2AX). Additionally, the P-gp-inhibitory effect of

XL019 was less than that of CEP-33779, and a more than 2-
fold higher dose was required to sensitize vincristine-treated
KBV20C cells. Furthermore, lower doses of XL019 were
required to sensitize KBV20C cells to a degree similar to that
obtained with the established P-gp inhibitor verapamil,
suggesting that XL019 has higher specificity than verapamil.
Our results showed that JAK2 inhibitors inhibited P-gp action
via a direct binding mechanism, which was similar to that of
verapamil. These findings indicate that JAK2 inhibitors may be
promising therapeutics for the treatment of cancer that is
resistant to antimitotic drugs. 

Antimitotic drugs, that target different binding sites on tubulin,
are widely used to treat different types of cancer (1-3). As
patients develop multidrug resistance (MDR) to antimitotic
drugs (4, 5), identifying the mechanism(s) underlying cell
sensitization to antimitotic drugs would be an important step
in the development of more effective treatments by designing
approaches to increase drug-induced apoptosis. ATP-binding
cassette protein B1 (ABCB1), more commonly known as P-
glycoprotein (P-gp) overexpression is mainly involved in
resistance to antimitotic drugs (6, 7). P-gp pumps such drugs
out of cancer cells, and its overexpression is mainly
responsible for MDR (7-9). Therefore, it is important to
identify drugs or mechanisms that lead to reduction of P-gp
overexpression in MDR cancer. 

Janus kinase 2 (JAK2) is a protein that contributes to
drug-resistant cancer (10, 11); therefore, JAK2 inhibitors
have been developed to increase the efficacy of anticancer
drugs (12, 13). The JAK2 inhibitor, CEP-33779, displays
drug-sensitizing effects in P-gp-overexpressing drug-resistant
cancer cells via P-gp-inhibitory activity (14). Thus,
identifying the mechanisms underlying the effects of JAK2
inhibitors is important to broaden their clinical application. 

In this study, we investigated whether XL019, another
JAK2 inhibitor (15, 16), can sensitize P-gp-overexpressing
MDR cancer cells. We also tested whether XL019 has P-gp-
inhibitory activity in MDR cancer cells. 
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Materials and Methods 

Reagents and cell culture. Rhodamine 123 and verapamil were
purchased from Sigma-Aldrich (St. Louis, MO, USA). Vincristine
was purchased from Enzo Life Sciences (Farmingdale, NY, USA).
XL019 and CEP-33779 were purchased from Selleckchem
(Houston, TX, USA).

Antibodies against phosphorylated signal transducer and activator
of transcription (pSTAT3), STAT3, p21, and cleaved poly ADP
ribose polymerase (C-PARP) were obtained from Cell Signaling
Technology (Danvers, MA, USA). Antibodies against JAK2, β-
actin, cyclin-dependent kinase 4 (CDK4), CDK2, phosphorylated
retinoblastoma protein (pRb), cyclin B1, and cyclin E1 were
obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Antibody against phosphorylated H2A histone family, member X
(pH2AX) was obtained from Abcam (Cambridge, UK). 

Human oral squamous carcinoma cell line KB and its multidrug-
resistant subline KBV20C were obtained from Dr. Yong Kee Kim
(College of Pharmacy, Sookmyung Women’s University, Seoul,
Republic of Korea) and have been previously described (17, 18).
All cell lines were cultured in RPMI-1640 containing 10% fetal
bovine serum, 100 U/ml penicillin, and 100 μg/ml streptomycin
(WelGENE, Daegu, Republic of Korea). 

Microscopic observation. Cells grown in 6-well plates were treated
with XL019, CEP-33779, verapamil, or vincristine for 48 h. The
medium was then removed, and phosphate-buffered saline (PBS)
was added to each dish. Cells were examined immediately in two
independent experiments using an ECLIPSE Ts2 inverted
microscope (Nikon, Tokyo, Japan) with a 4× or a 10× objective lens
(Nikon’s Microscopy U). 

Rhodamine uptake tests. The tests used to assess the ability of a
drug to inhibit P-gp were based on a previously described method
(19-21). Briefly, cells grown in 6-well plates were treated with
XL019, CEP-33779, or verapamil and incubated for 24 h at 37˚C.
Cells were then incubated with 2 μg/ml rhodamine for 1.5 h at
37˚C. The medium was removed, and the cells were washed with
PBS. The stained cells were analyzed in two independent
experiments using a Guava EasyCyte Plus Flow Cytometer (Merck
Millipore, Billerica, MA, USA).

Fluorescence-activated cell sorting (FACS) analysis. FACS analysis
was performed as previously described (22, 23). Cells were grown in
60-mm diameter dishes and treated with XL019, CEP-33779,
verapamil, or vincristine for 24 h. The cells were then dislodged by
trypsin and pelleted by centrifugation. The pelleted cells were washed
thoroughly with PBS, suspended in 75% ethanol for at least 1 h at 4˚C,
washed with PBS, and re-suspended in a cold propidium iodide (PI)
staining solution (100 μg/ml RNase A and 50 μg/ml PI in PBS) for 30
min at 37˚C. The stained cells were analyzed in two independent
experiments for relative DNA content using a Guava EasyCyte Plus
Flow Cytometer (Merck Millipore, Billerica, MA, USA).

Annexin V analysis. Annexin V analysis was conducted by using the
annexin V-fluorescein isothiocyanate (FITC) staining kit (BD
Bioscience, San Jose, CA, USA) as previously described (20, 23).
Cells were grown in 60-mm diameter dishes and treated with
XL019, CEP-33779, verapamil, or vincristine for 24 h.  The cells
were then dislodged by trypsin and pelleted by centrifugation. The

pelleted cells were washed with PBS. Cells in 100 μl of binding
buffer received 5 μl of annexin V-FITC and 5 μl of PI and were
then incubated for 15 min at room temperature. The stained cells
were analyzed in two independent experiments using a Guava
EasyCyte Plus Flow Cytometer (Merck Millipore).

Western blot analysis. Total cellular proteins were extracted as
previously described (23, 24). Briefly, cells were grown in 60-mm
diameter dishes and treated with XL019, CEP-33779, verapamil, or
vincristine for 24 h. They were then washed twice with cold PBS
and detached with scrapers. For total protein isolation, cells were
suspended in PRO-PREP™ protein extract solution (iNtRON,
Seongnam, Republic of Korea) and placed on ice for 30 min. The
suspension was collected after centrifugation at 15,000 × g for 5 min
at 4˚C. Protein concentrations were measured by using a protein
assay kit (Bio-Rad, Hercules, CA, USA) according to the
manufacturer’s instructions. The proteins were resolved by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
subjected to western blot analysis as previously described (23, 24).

Cell viability assay. Cell proliferation was measured by a
colorimetric assay using the EZ-CyTox cell viability assay kit
(Daeillab, Seoul, Republic of Korea) according to the
manufacturer’s instructions. Briefly, cells grown in wells of 96-well
plates were incubated with 10 μl of EZ-CyTox solution for 1-2 h at
37˚C. Absorbance at 450 nm was determined immediately using the
VERSA MAX Microplate Reader (Molecular Devices Corp.,
Sunnyvale, CA, USA). All experiments were performed at least in
triplicate and repeated twice.

Wound-healing assay. KBV20C cells were plated on 60-mm
diameter dishes and grown to 80-90% confluence. A scratch was
made in the middle of the culture to enable detection of cellular
growth. The cells were then treated for 24 h and 48 h with
vincristine, verapamil or XL019, alone or in combination and
examined under microscopy. 

Statistical analysis. Data are presented as mean±standard deviation
(S.D.). Statistical analysis was performed using Student’s t-test and
one-way analysis of variance (ANOVA) followed by a multiple-
comparison test. Results were considered statistically significant
compared to those of the control when p<0.05.

Results

Co-treatment with XL019 sensitizes drug-resistant KBV20C
cancer cells to vincristine treatment. We tested whether the
JAK2 inhibitor, XL019, can sensitize drug-resistant
KBV20C cancer cells. As shown in Figure 1A, co-treatment
with XL019 reduced the proliferation of vincristine-treated
KBV20C cells when compared to single treatment using
either vincristine or XL019. Moreover, reduced proliferation
resulted in increased apoptosis (Figure 1B), as determined
by increased C-PARP production in vincristine-XL019 co-
treated cells. Considering that the JAK2 inhibitor CEP-33779
sensitizes drug-resistant KBV20C cancer cells to vincristine
(14), we conclude that JAK2 inhibitors generally increase the
sensitization of drug-resistant cancer cells to vincristine. 
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JAK2 inhibitors are known to reduce STAT3 activation (25);
therefore, we tested whether co-treatment with XL019 can
reduce STAT3 activation in vincristine-treated KBV20C cells.
As observed from Figure 1B, STAT3 activation significantly
decreased after treatment with XL019 alone. However, co-
treatment with vincristine did not reduce STAT3 activation
further. The STAT3 and JAK2 total protein levels did not
decrease in cells after co-treatment (Figure 1B), suggesting that
co-treatment of vincristine-treated KBV20C cells with XL019
increased sensitization to vincristine, independently of the
activation of the JAK/STAT signaling pathway.

The JAK2 inhibitor XL019 presents high P-gp-inhibiting
activity. As CEP-33779 demonstrated P-gp-inhibitory
activity by increasing the sensitization of vincristine-treated
KBV20C cells (12, 14), we tested the P-gp-inhibitory

activity of XL-019 in P-gp-overexpressing KBV20C cells.
We evaluated whether XL019 increased the inhibition of P-
gp substrate efflux. Rhodamine 123, a well-known P-gp
substrate, was used to measure inhibition of P-gp (19-21). In
this experiment, cellular accumulation of green fluorescence
was indicative of intracellular accumulation of rhodamine
123. As shown in Figure 1C, XL019 showed high P-gp-
inhibitory activity, suggesting that XL019 functions as a P-
gp inhibitor. The known P-gp inhibitor verapamil was used
as a positive control (19-21). Upon comparison, a four-fold
lower dose of XL019 was sufficient to induce inhibition of
P-group comparable to that of verapamil. This suggests that
the JAK2 inhibitor XL019 may bind to P-gp with higher
specificity than does verapamil. This may also indicate that
toxicity due to the use of P-gp inhibitor might be reduced
using JAK2 inhibitor XL019. 
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Figure 1. Co-treatment with the Janus kinase 2 (JAK2) inhibitor, XL019, sensitizes vincristine (VIC)-treated resistant KBV20C cancer cells through
its P-glycoprotein (P-gp)-inhibitory activity. A: KBV20C cells were plated on 96-well plates and grown to 20-30% confluence. The cells were then
stimulated for 72 h with 5 nM vincristine, 5 μM XL019, 5 nM vincristine with 5 μM XL019, or dimethylsulfoxide (DMSO; Con). A cell viability
assay was performed as described in the Materials and Methods. B: KBV20C cells were plated on 60-mm diameter dishes and treated as described
in (A) for 24 h, western blot analysis was performed using antibodies against cleaved poly ADP ribose polymerase (C-PARP), phosphorylated signal
transducer and activator of transcription (pSTAT3), STAT3, JAK2, and β-Actin. C: KBV20C cells were grown on 60 mm-diameter dishes and treated
with 20 μM verapamil, 5 μM XL019, or 0.1% DMSO (Con). After 24 h, all cells were stained with rhodamine123 and examined using fluorescence-
activated cell sorting (FACS) analysis, as described in the Materials and Methods. The data represent the mean±S.D. of at least two experiments
repeated in triplicate experiments. Statistical analysis was conducted using one-way analysis of variance followed by multiple-comparison test:
significantly different at *p<0.05 compared to the corresponding control.



Altogether, our findings indicate that co-treatment with
XL019 sensitized KBV20C cells to vincristine treatment,
with higher P-gp-inhibitory activity, independently of
inhibition of pSTAT3. This suggests that P-gp inhibition by
XL019 plays an important role in the sensitization of
KBV20C cells to antimitotic drugs. 

Co-treatment with vincristine and XL019 induces G2-arrest
and increases pH2AX and p21 expression in KBV20C
cells. In order to further clarify the mechanism of
sensitization of KBV20C cells to vincristine-XL109 co-
treatment, we performed FACS analyses of treated cells.
As shown in Figure 2A, co-treatment with XL019 and
vincristine increased the number of cells arrested in the G2
phase compared to that observed with single treatments
with either agent. In order to further investigate the
expression of proteins involved in G2 arrest (26, 27), we

performed western blot analysis. As shown in Figure 2B,
the production of the apoptotic marker, C-PARP, greatly
increased. There was no significant difference in
expression of cyclin proteins. However, the expression of
pH2AX, a marker of DNA damage, was greatly increased
following co-treatment. Increased p21 and pRB levels
were also detected in co-treated cells (Figure 2B),
suggesting that cell-cycle arrest by these proteins is
involved in apoptotic sensitization. We conclude that
DNA-damage and cell-cycle arrest signals ultimately
increased apoptosis of vincristine-XL019 co-treated
KBV20C cells via G2 arrest.

Co-treatment with XL019 increases the sensitization of
vincristine-treated KBV20C cells to treatment with verapamil.
In the next phase of our investigation, we tested the efficacy
of XL019 as a P-gp inhibitor to sensitize KBV20C cells to
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Figure 2. Co-treatment with XL019 sensitizes vincristine (VIC)-treated resistant KBV20C cancer cells through DNA damage and G2 phase arrest.
A: KBV20C cells were grown on 6-well plates and treated with 5 nM vincristine, 5 μM XL019, 5 nM vincristine with 5 μM XL019, or
dimethylsulfoxide (Con) as described in (A) for 24 h. fluorescence-activated cell sorting analyses were then performed as described in the Materials
and Methods. B: KBV20C cells were plated on 60-mm diameter dishes and treated as described in (A). After 24 h, western blot analysis was
performed using antibodies against cleaved poly ADP ribose polymerase (C-PARP), phosphorylated retinoblastoma protein (pRb), p21, cyclin B1,
cyclin-dependent kinase 2 (CDK2), cyclin E1, phosphorylated H2A histone family, member X (pH2AX), CDK4, and β-Actin.



vincristine-induced mitotic arrest. We compared the effects of
XL019 with those of the well-known P-gp inhibitor, verapamil
(17, 18). As shown in Figure 3A, 5 μM XL019 or 10 μM
verapamil similarly sensitized the cells to vincristine, reducing
KBV20C cell viability, and suggesting that a lower dose of
XL019 is sufficient and more effective at sensitizing P-gp-
overexpressing resistant cancer cells than the P-gp inhibitor
verapamil. To confirm the sensitizing efficacy of XL019 and
verapamil in vincristine-treated KBV20C cells, we performed
microscopic observation of cells co-treated with vincristine-
XL019, and with verapamil-vincristine. As shown in Figure
3B, co-treatment of vincristine with 5 μM XL019 or 10 μM
verapamil resulted in decreased numbers of KBV20C cells
compared to those observed for single treatment with either of

the inhibitors. Neither sensitive KB nor KBV20C cells
responded to individual treatment with XL019 or verapamil
alone, whereas the vincristine-sensitive parental KB cells did
(data not shown), suggesting that XL019 has only P-gp-
inhibitory effects on KB and KBV20C cells. These data also
confirmed that XL019 functions as a P-gp inhibitor similarly
to verapamil.

Furthermore, the wound-healing assays indicated that
wound healing barely occurred in vincristine-treated
KBV20C cells co-treated with XL019 or verapamil, whereas
wound healing in cells treated with either XL019 or
verapamil alone was similar to that observed in control cells
(Figure 3C). These results suggest that XL019 and verapamil
have similar effects on cellular motility. These data indicate
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Figure 3. XL019 and verapamil have similar sensitizing efficacies in vincristine (VIC)-treated P-glycoprotein (P-gp)-overexpressing KBV20C cells.
A: KBV20C cells were plated on 96-well plates and grown to 20-30% confluence. The cells were then stimulated for 72 h with 5 nM vincristine),
10 μM verapamil (VER), 5 nM vincristine with 10 μM verapamil, 5 μM XL019, 5 nM vincristine with 5 μM XL019, or dimethylsulfoxide (Con). A
cell viability assay was performed as described in Materials and Methods. B: KBV20C cells were grown on 6-well plates and treated as described
in (A). After 2 days, all cells were observed using an inverted microscope at 100× magnification. C: KBV20C cells were plated on 60-mm diameter
dishes and grown to 80-90% confluence. A scratch was made in the middle of the culture to enable detection of cellular growth. The cells were
treated for 24 h and 48 h as described in (A). They were subsequently observed using an inverted microscope. The data represent the mean±S.D. of
at least two experiments repeated in triplicate experiments. Statistical analysis was conducted using one-way analysis of variance followed by
multiple-comparison test: significantly different at *p<0.05 compared to the corresponding control.



that co-treatment with the JAK2 inhibitor XL019 sensitizes
KBV20C cells to vincristine treatment, with an efficacy
similar to that of verapamil.

JAK2 inhibitors CEP-33779 and XL019 have different P-gp-
inhibitory activities, reflecting their sensitizing efficacy. We
showed that XL019 increased apoptosis of vincristine-treated
KBV20C cells as determined by C-PARP production
(Figures 1B and 2B). In more detailed quantitative analysis,
we confirmed that co-treatment of cells with vincristine and
XL019 increased the number of cells in the pre-G1 phase and
the number of cells in early phases of apoptosis compared
with treatment with XL019 alone (Figure 4A and B).
However, we detected no increase in the number of cells in
a late stage of apoptosis in co-treated cells, suggesting that
the sensitizing effects of XL019 mainly involve early

apoptosis. Co-treatment with XL019 and vincristine
increased early apoptosis of drug-resistant KBV20C cells via
G2 cell-cycle arrest.

Finally, we compared the efficacy of two JAK2 inhibitors,
XL019 and CEP-33779 (12, 14), in sensitizing P-gp-
overexpressing KBV20C cells. Quantitative analysis of both
FACS and annexin V (Figure 4A and B) showed that a lower
dose of CEP-33779 induced G2 phase arrest and apoptosis of
vincristine-treated KBV20C cells to a greater extent than that
induced by XL019. These data suggest that CEP-33779 is
more efficient in sensitizing cells to vincristine than XL019. 

Next, we tested the P-gp-inhibitory activity of CEP-33779
and XL019 in P-gp-overexpressing KBV20C cells, since we
assumed that the differene in the degree of P-gp inhibition
between XL019 and CEP-33779 is responsible for the
difference in their sensitizing efficacy in vincristine-treated
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Figure 4. The Janus kinase 2 (JAK2) inhibitors CEP-33779 and XL019 have different P-glycoprotein (P-gp)-inhibitory activities, reflecting their
differing vincristine-sensitizing efficacy. A: KBV20C cells were grown on 6-well plates and treated with 5 nM vincristine (VIC), 2.5 μM CEP-33779,
5 nM vincristine with 2.5 μM CEP-33779 (VIC+CEP), 5 μM XL019, 5 nM vincristine with 5 μM XL019, or dimethylsulfoxide (DMSO; Con). After
24 h, fluorescence-activated cell sorting (FACS) analyses were performed as described in Materials and Methods.  B: KBV20C cells were grown
on 6-well plates and treated as in (A). After 24 h, annexin V analyses were performed as described in the Materials and Methods. C: KBV20C cells
were grown on 60 mm-diameter dishes and treated with 5 nM vincristine, 5 μM CEP-33779, 5 μM XL019, or 0.1% DMSO (Con). After 3 or 24 h,
all cells were stained with rhodamine123 and examined using FACS analysis as described in the Materials and Methods.



KBV20C cells. As shown in Figure 4C, CEP-33779 showed
higher P-gp-inhibitory activity than XL019, while
vincristine, used as a negative control, did not inhibit P-gp.
In particular, when we reduced the treatment duration (3 h
vs. 24 h) with CEP-33779 and XL019, CEP-33779 more
effectively inhibited P-gp activity in a shorter time than did
XL019 (Figure 4C). These results suggest that JAK2
inhibitors exhibit different P-gp-inhibitory activity that
depends on treatment duration. We assume that the efficacy
of JAK2 inhibitors in the clinic may depend on both their
dose and treatment duration. 

Altogether, our findings indicated that XL019 presents P-
gp-inhibitory functions that are independent of the
JAK/STAT signaling pathway. Therefore, considering
previous results with CEP-33779 (14), co-treatment of cells
with JAK2 inhibitors can strongly prevent P-gp-mediated
efflux of vincristine, thereby increasing the efficacy of
antimitotic drugs in resistant cancer cells.

Discussion 

JAK2 inhibitors are promising drugs for the treatment of
triple-negative breast cancer (TNBC) and leukemia (10-13,
28, 29). XL-019, a selective JAK2 inhibitor (15, 16), was
recently tested in clinical trials (15, 16). Additionally, JAK2
inhibitors have been suggested for the treatment of
chemotherapeutic-resistant TNBC (28, 29), as the JAK2 gene
is highly amplified in this cancer type. In this study, we
attempted to identify novel mechanisms of action of XL019
in sensitizing resistant cancer cells, as this may increase the
application of XL019 for the treatment of various resistant
cancer types. 

The selective JAK2 inhibitor CEP-33779 exerts its P-gp-
inhibitory activity via direct binding and increases the
sensitization of P-gp-overexpressing KBV20C cells to
vincristine (14). Here, to our knowledge for the first time, we
demonstrated that another JAK2 inhibitor, XL019, sensitizes
vincristine-treated KBV20C cells through its P-gp-inhibitory
activity. In detail, we demonstrated that a low dose of XL019
leads to inhibit pumping–out abilities of drugs via P-gp, as
determined by rhodamine staining assay. Consistent with a
previous study on the selective JAK2 inhibitor CEP-33779,
which demonstrated its P-gp-inhibitory activity via direct
binding (14), our results also suggest that XL019 directly
binds to P-gp in drug-resistant KBV20C cancer cells,
preventing P-gp-mediated drug efflux. Additionally, the effects
of XL019 were independent of the JAK/STAT pathway in
cells co-treated with vincristine and XL019, supporting our
conclusion. We subsequently investigated the mechanism of
action of JAK2 inhibitors on P-gp function in an in vitro
model of drug resistance. Our data indicate that CEP-33779
had higher efficacy than XL019 at comparable low doses,
implying that CEP33779 has a higher binding affinity. These

results suggest that the increased efficacy of CEP-333779 in
vincristine-treated KBV20C cells resulted from its increased
P-gp-inhibitory activity. Considering that different JAK2
inhibitors can be used as alternative backup inhibitors for
resistant cancer cells, our results show more solid evidence for
applying JAK2 inhibitors to target P-gp in drug-resistant
cancer cells. As most cancer types have been recognized as
heterogeneous in various studies (30, 31), combination
treatment seems to be important for dual-targeted therapy.
Therefore, in a clinical setting, we hypothesize that both CEP-
33779 and XL019 may be applied to increase the drug
sensitivity of both JAK2- and P-gp-overexpressing cancer
cells in heterogeneous tumor cell populations.

In order to use XL019 as a P-gp inhibitor, its efficiency
should be compared to that of the well-known P-gp inhibitor
verapamil under vincristine-co-treatment. We found that 
5 μM XL019 had sensitizing effects to similar those induced
by 10 μM verapamil, suggesting that Xl019 is more effective
than verapamil in vincristine combination therapy. We,
therefore, postulate that drug toxicity can be reduced by
using XL019 against drug-resistant cancer. It is also possible
that XL019 has other functions besides its P-gp-inhibiting
activity when combined with vincristine, whereas verapamil
has only P-gp-inhibitory functions. Further investigations are
warranted to assess whether XL019 presents other functions
in P-gp-overexpressing resistant cancer. Comparison among
verapamil, CEP-33779, and XL019 showed that all three
effectively sensitized KBV20C cells to vincristine.
Considering that verapamil is a representative and well-
known P-gp inhibitor (17, 20, 21), both JAK2 inhibitors
should be regarded as P-gp inhibitors. Thus, we assume that
in the clinic, both CEP-33779 and XL019 could be applied
to sensitize not only JAK2-overexpressing cancer cells, but
also P-gp-overexpressing cancer cells in heterogeneous
cancer tissue populations such as TNBC. However, further
in vivo studies using animal models are required to assess
the efficacy of the vincristine-XL019 combined therapy
before investigating its possible use in clinical trials.

In addition, XL019 in combination with vincristine
induced cell apoptosis through G2 phase arrest. According to
our results, p21 levels were highly increased in vincristine-
XL019 co-treated cells, indicating that cell-cycle arrest may
play an important role in the effect of vincristine-XL019 co-
treatment. Furthermore, the marker of DNA damage,
pH2AX, cell-cycle protein pRb, and the pro-apoptotic
protein, C-PARP, increased after vincristine-XL019 co-
treatment. This is indicative of a mechanism involving G2
phase arrest via DNA damage and an increase in the number
of cells in the early phase of apoptosis. 

Our results show that drug-resistant KBV20C cells that
overexpress P-gp can be sensitized to antimitotic drug
treatment with the JAK2 inhibitor XL019. As XL019 is
already being used in clinical trials, the urgent need for
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drugs to treat antimitotic drug-resistant cancer can be
efficiently addressed, and JAK2 inhibitors may be used to
treat P-gp-overexpressing resistant patients at a relatively
faster pace.  
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