
Zhao et al 

Trop J Pharm Res, August 2019; 18(8): 1711 
 

Tropical Journal of Pharmaceutical Research August 2019; 18 (8): 1711-1717 
ISSN: 1596-5996 (print); 1596-9827 (electronic) 

© Pharmacotherapy Group, Faculty of Pharmacy, University of Benin, Benin City, 300001 Nigeria.  
 

Available online at http://www.tjpr.org 
http://dx.doi.org/10.4314/tjpr.v18i8.21 

Original Research Article 
 
 

Viscum album extract suppresses cell proliferation and 
induces apoptosis in bladder cancer cells 

 
Shengyang Zhao1, Mang Ke2*, Ting Huang3, Tao Hong2, Hongyuan Yu2, Xianjun 
Zhang2 
1Department of Urology, The Fourth People’s Hospital of WenLing, Wenling City, Zhejiang Province 317500, 2Department of 
Urology, Taizhou Hospital Affiliated to Wenzhou Medical University, Wenzhou City, Zhejiang Province 317000, 3Department of 
Urology, Jinhua Hospital Affiliated to Zhejiang University, Jinghua City, Zhejiang Province 321000, China 
 
*For correspondence: Email: Kemangdoctor525@126.com; Tel: 0086-576-85120120 
 
Sent for review: 9 April 2019              Revised accepted: 29 July 2019 
 

Abstract 

Purpose: To evaluate the effect of Viscum album (VA) extract on the progression of bladder cancer 
(BC) and its effect on the proliferation and apoptosis of T24 and J82 bladder cancer cells.  
Methods: 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay (MTT assay) was 
conducted to examine the proliferation of bladder cancer cells. Flow cytometry (FCM) was employed to 
assess changes in the cell cycle of bladder cancer cells. The expression levels of proliferating cell 
nuclear antigen (PCNA), CLND1 (cyclin D1), p21, and p27 in control and VA extract-treated (100, 200, 
or 300 μg/mL) T24 and J82 cells were measured by immunoblot assay. The effects of VA extract on 
T24 or J82 cell apoptosis were evaluated using FCM. Immunoblot assay was performed to evaluate Bcl-
2, Bax, and cleaved caspase 3 expression in control or VA extract-treated bladder cancer cells. In 
addition, the effect of VA extract on Axl-AKT pathways was also evaluated by immunoblot assay.  
Results: Viscum album extract treatment significantly blocked bladder cancer cell proliferation and 
induced cell cycle arrest. In addition, VA extract stimulated bladder cancer cell apoptosis. Moreover, this 
study found that VA extract suppressed Axl-AKT pathways in bladder cancer.  
Conclusion: Viscum album extract exerts anti-proliferation and pro-apoptosis effects on bladder cancer 
cells. These abilities render Viscum album extract as promising agent in bladder cancer treatment. 
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INTRODUCTION 
 
Bladder cancer is one of the most high 
metastastic malignancies worldwide and exhibits 
high mortality. Approximately 4,000,000 new 
cases are diagnosed each year, making it 
second only to prostate cancer [1,2]. The most 
common type is bladder urothelial carcinoma, 

which accounts for approximately 90 % of 
bladder cancers [3,4]. Common treatment 
strategies for bladder cancer are surgical 
resection, radiotherapy, chemotherapy, and 
combinatorial therapy [5]. However, because of 
the poor early diagnosis capacity and the high 
metastatic potential of advanced bladder cancer, 
the development of new treatments remains 
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imperative [6,7]. In recent years, targeted therapy 
for bladder cancer has shown great potential to 
improve patient’s survival. However, additional 
therapeutic agents need to be developed [8].  
 
Traditional Chinese medicine is a precious 
resource of China [9]. The efficacy of multiple 
Chinese herbal medicines has been confirmed 
by modern scientific research [10]. Viscum album 
(VA) is a traditional Chinese semi-parasitic 
evergreen shrub belonging to the mistletoe 
family. Its main active components include 
glycoproteins, mistletoe toxins, flavonoids, 
alkaloids, polysaccharides, and lipids [11,12]. 
Viscum album extract has several published 
benefits, such as promoting microcirculation and 
anti-tumour effects [13,14]. 
 
In recent years, the anti-tumour effect of VA has 
been widely confirmed in multiple studies [11,15]. 
Previous studies indicated that VA inhibits the 
development of several cancers, such as liver 
cancer, lung cancer, brain glioma, leukaemia, 
and melanoma [14,16-18]. In leukaemia, VA 
inhibits cell proliferation as well as induces 
apoptosis [19]. Additionally, in SK-hep1 cells, VA 
promotes cell death by inducing G1 phase arrest 
[20]. Recently, VA has gained increasingly more 
attention in the quest for effective anti-tumour 
components derived from plants.  
 
However, the possible roles of VA in the 
development and metastasis of BC remains 
unclear. 
 
EXPERIMENTAL 
 
Antibodies 
 
The following antibodies were purchased from 
Abcam (Cambridge, UK) unless otherwise 
stated. Rabbit anti-PCNA antibody (1:1000 
dilution, ab92552); rabbit anti-Cyclin D1 antibody 
(1:2000 dilution, ab16663); rabbit anti-p21 
antibody (1:2000 dilution, ab109520); rabbit anti-
p27 antibody (1:2000 dilution, ab92741); rabbit 
anti-Bcl-2 antibody (1:1000 dilution, ab32124); 
rabbit anti-Bax antibody (1:1000 dilution, 
ab32503); rabbit anti-cleaved caspase 3 antibody 
(1:2000 dilution, ab13585); rabbit anti-Axl 
antibody (1:2000 dilution, ab227871); rabbit anti-
AKT antibody (1:1000 dilution, ab179463); rabbit 
anti-AKT(phospho S473) antibody (1:2000 
dilution, ab8123); rabbit anti-Axl (phospho S473) 
antibody (1:2000 dilution, ab8123); rabbit 
phospho-Axl (p-Axl, Tyr702, #5724, Cell 
Signaling, Beverly, MA, USA); rabbit pAKT (p-
AKT, Ser473, #4060, Cell Signaling); mouse anti-
β-actin antibody (1:1000 dilution, ab8226); goat 

Anti-Rabbit IgG (1:5000 dilution, ab97051; and 
goat Anti-mouse IgG (1:5000 dilution, ab6789). 
 
Cell culture 
 
The two human bladder cell lines T24 and J82 
were bought from the American Type Culture 
Collection (ATCC). T24 and J82 cells were 
cultured in RPMI1640 and MEM culture medium 
(Gibco, CA, USA), respectively, added with 10 % 
FBS (Gibco) in a 5 % CO2 incubator. 
 
MTT assay 
 
Both T24 and J82 bladder cancer cells were 
added into several 96-well plates at a density of 
1000. After 24 h, BC cells were treated with VA 
extract at doses of 100, 200, or 300 μg/mL. 
Subsequently, the cells were cultured for 12, 24, 
or 48 h, and 400 μL MTT was added into the 
culture medium. After washing with PBS twice, 
the cells were extracted with DMSO (100 μL) and 
the absorbance value at 570 nm wavelength was 
measured. 
 
Cell cycle assay 
 
Ethanol-fixed T24 and J82 cells were treated with 
propidium iodide (PI) and RNase A at room 
temperature for 30 min. The stages were 
analysed using a FACS Calibur flow cytometer. 
The percentages of cells in each phase, 
including G0/G1, S, and G2/M phases were 
calculated. 
 
Western blot assay  
 
Total proteins in cells were extracted from T24 or 
J82 cells by NP-40 reagent, and were detected 
through SDS-PAGE and transferred onto PVDF 
membranes, and subsequently blocked with 5 % 
fat-free milk in TBST buffer. The membranes 
were incubated with appropriate primary 
antibodies for 2 h. After four washes with TBST, 
the membranes were incubated in TBST buffer 
with secondary antibodies for 1 h. The blots were 
then visualized. 
 
Determination of cell apoptosis 
 
T24 or J82 cells were treated with VA extract and 
then resuspended and washed twice with PBS. 
Subsequently, the cells were treated with 
annexin V-FITC agent for 10 min at room 
temperature and with propidium iodide (PI) agent 
for 20 min in the dark. After filtering with a 
strainer, the cells were manually analyzed using 
a FACS Calibur flow cytometer (BD 
Biosciences). 
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Statistical analysis 
 
GraphPad 6.0 software was used for statistical 
analysis in this study. All results are presented as 
mean ± SD (n = 3). Student’s t-test was 
performed for statistical comparison, with p < 
0.05 considered significant.  
 
RESULTS 
 
VA extract treatment significantly 
suppressed proliferation of bladder 
cancer cells in vitro 
 
The results showed that VA extract significantly 
reduced the proliferation and growth of T24 and 
J82 cells in a time- and dose-dependent manner 
(Figure 1 A, B). Therefore, VA extract may serve 
as potential anti-proliferative agent for bladder 
cancer cells. 
 

 
 
Figure 1: The effect of Viscum album on bladder 
cancer cell proliferation in vitro. MTT assays revealed 
differences in cell viability between controls and VA 
extract-treated (100, 200, and 300 μg/mL) T24 and 
J82 cells at 24, 48, and 72 h. P < 0.05 was considered 
statistically significant; **p < 0.01, *** p < 0.001, 
compared to 0 μg/mL group 
 
VA extract stimulates the arrest of cell cycle 
in bladder cancer cells 
 
Due to the significant effects of VA on cell 
proliferation, this study further investigated 
whether VA affected the cell cycle of bladder 
cancer cells. Both J82 and T24 cells were 
incubated with control or VA extract in different 
concentrations (100, 200, and 300 μg/mL) for 48 
h. The effects of VA extract on the cell cycle 
were evaluated. Interestingly, it was noticed that 
the percentage of VA extract-treated cells in 
G0/G1 phase was markedly increased when 
compared to control cells, whereas S phase cells 
in the VA treatment group were significantly 
decreased (Figure 2 A). In addition, modest 
changes were found in the percentage of G2/M 
phase cells between control and VA extract 
groups (Figure 2 A). Therefore, the cell cycle was 
arrested in VA-treated T24 or J82 cells compared 
to control cells. Treatment with an obvious high 
concentration of VA extract (300 μM) led to more 
significant cell cycle arrest than did low 

concentrations of VA extract, suggesting a 
concentration-dependent effect of VA extract on 
the cell cycle in bladder cancer. 
 
This study further explored the effect of VA on 
the cell cycle of BC cells. Immunoblot assays 
were performed to evaluate the expression levels 
of Proliferating Cell Nuclear Antigen (PCNA), 
CLND1, p21, and p27 in control or VA extract-
treated T24 and J82 cells. PCNA and CLND1 are 
markers of proliferating cells, whereas p21 and 
p27 are indicative of cell cycle arrest. Consistent 
with the flow cytometry results, a marked 
decrease expression of PCNA and cyclin D1 was 
observed in VA-treated cells (Figure 2B). On the 
other hand, the expression of p21 and p27 in VA-
treated T24 and J82 cells were significantly 
increased (Fig. 2B), suggesting that treatment 
with VA extract stimulated cell cycle arrest in 
bladder cancer cells. 
 

 
 
Figure 2: Effect of Viscum album extract on bladder 
cancer cell cycle. (A). J82 and T24 cells were treated 
with VA extract at concentrations of 100, 200 or 300 
μg/mL for 48 h. Cell cycle phases were subsequently 
evaluated. Percent cells in different phases in the 
control and VA treatment groups are shown. (B). 
Immunoblot assays revealed the expression levels of 
PCNA, CLND1, p21, and p27 in control or VA extract-
treated T24 and J82 cells. P < 0.05 was considered 
significant; *p < 0.05, **p < 0.01, and ***P < 0.001, 
compared to 0 μg/mL group 
 
VA extract treatment contributes to apoptosis 
of bladder cancer cells in vitro 
 
This study next assessed the potential effects of 
VA extract on T24 and J82 cell apoptosis in vitro. 
The results from cell apoptosis assays revealed 
the induction of apoptosis in VA extract-treated 
T24 and J82 cells in a concentration-dependent 
manner (Figure 3 A). To further confirm these 
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previous findings, we detected the expression 
levels of apoptosis marker Bcl-2, Bax, and 
cleaved caspase 3. Bcl-2 expression decreased 
slowly with increase in VA extract concentrations, 
while Bax was gradually increased (Figure 3 B). 
It was also showed that cleaved caspase 3 
expression was increased upon VA extract 
treatment (Figure 3 B). Taken together, these 
results demonstrate the role of VA extract in 
apoptosis stimulation in bladder cancer. 
 

 
 
Figure 3: VA promotes cell apoptosis of bladder 
cancer cells in vitro. (A). Flow cytometric (FCM) 
analysis of apoptosis cells in VA extract-treated T24 
and J82 cells. The proportion of apoptotic cells was 
quantified. (B). Immunoblot assays showing the 
expression of apoptosis markers including Bcl-2, Bax, 
and cleaved caspase 3 in control and VA extract-
treated T24 and J82 cells; *p < 0.05, **p < 0.01, and 
*** p < 0.001 were considered significant, respectively 
 
VA extract treatment suppressed Axl-AKT 
pathways in bladder cancer  
 
The above results confirm the tumour inhibition 
activity of VA extract in bladder cancer, mainly 
through its effects on cell cycle progression and 
apoptosis. This study subsequently explored the 
regulatory mechanism underlying the 
suppression of bladder cancer by VA extract. 
Previous studies have indicated that VA inhibits 
cancer development through the Axl-AKT 
signaling pathway. Therefore, immunoblot 
assays were conducted to detect the levels of 
Axl, p-Axl, AKT, and pAKT in two types of 
bladder cancer cells (T24 and J82 cells) treated 
with control or VA extract (100, 200, and 300 
μg/mL) for 48 h.  
 
Immunoblot data showed a decrease in Axl 
expression and modest changes in AKT 
expression in these bladder cancer cells between 
the control and VA extract groups (Figure 4). 
However, a significant drop in the expression 
levels of p-Axl and pAKT were evaluated in T24 
and J82 cells treated with VA extract (Figure 4). 
This study further observed decreases in the 

levels of p-Axl/Axl and p-AKT/AKT following VA 
extract treatment (Figure 4). Thus, VA extract 
treatment led to a decrease in Axl 
phosphorylation, which in turn led to a decrease 
in AKT phosphorylation, thereby inhibiting cell 
proliferation and inducing apoptosis through the 
AKT signalling pathway. 
 

 
 
Figure 4: Effect of Viscum album extract on the 
activation of Axl-AKT pathways in BC cells. 
Immunoblot analysis results of the expression and 
phosphorylation of various proteins in T24 and J82 
cells (left), and the quantitative results (right). P < 0.05, 
**P < 0.01, and *** p < 0.001 
 
DISCUSSION 
 
Bladder cancer is a high invasiveness 
malignancy in the urinary system, with high 
mortality and morbidity [3]. Unfortunately, the 
early symptoms of bladder cancer are not 
obvious, and at the time of diagnosis, patients 
are often at an advanced stage when bladder 
cancer is highly metastatic [21]. Surgical removal 
of bladder cancer often results in recurrence and 
chemotherapy has significant side effects [22]. 
Therefore, it is important to develop new 
therapeutic drugs and methods. 
 
Chinese herbal medicine is rich in content and 
variety and many drugs have potential anti-
tumour effects that are worthy of further study 
[23]. The present work found that VA, a 
traditional Chinese herbal medicine, has potent 
anti-proliferation and pro-apoptosis effects on 
bladder cancer cells and could be thought as a 
potential therapeutic methods for bladder cancer. 
However, the target of VA and the molecular 
mechanisms by which it inhibits bladder cancer 
require further investigation. 
 
In this study, results from MTT assay and FCM 
assay revealed that VA extract treatment blocked 
cell survival and induced cell cycle arrest. 
Immunoblot assays also confirmed these results. 
Proliferating Cell Nuclear Antigen (PCNA)and 
CLND1 are cell cycle-related proteins that are 
often expressed at high levels in tumour tissues 
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and suggest a poor prognosis [24]. However, p21 
and p27 are generally believed to promote cell 
cycle arrest, which is consistent with the results 
of this study [25]. Similarly, the anti-proliferation 
effects of VA and induction of cell cycle arrest 
have been observed in other tumours. In lung 
cancer, VA has an anti-proliferative effect and 
overcomes the resistance of cancer cells to 
cisplatin and erlotinib [26]. In leukaemia cells, VA 
exerts an anti-proliferative effect and promotes 
cell cycle arrest and apoptosis [17]. 
 
In addition, VA induced cell cycle arrest and 
further inhibit cell proliferation and the 
development of hepatocellular carcinoma [27]. 
This study also observed a pro-apoptosis effect 
of VA in bladder cancer; including various 
changes in the levels of Bcl-2, Bax, and cleaved 
caspase 3 expression, further confirming the 
FCM results. Similar to the above observations, 
another study indicated that VA induces 
apoptosis of rat glioma cells, mainly by regulating 
the expression of Hsp27 [16]. However, the 
detailed molecular mechanism underlying the 
synergistic regulation by VA of cell growth and 
apoptosis remains to be further studied. 
 
On the other hand, this study also observed 
significant effects of VA extract on the Axl-AKT 
pathways in this study. The AKT signalling 
pathway is abnormal in a variety of tumours and 
results in dysregulation of cell proliferation, 
invasion, and apoptosis, further affecting the 
occurrence and development of tumours [28]. 
Anexelekto receptor tyrosine kinase regulates 
tumour development by affecting the AKT 
signalling pathway [29]. Several published 
studies confirmed the role of Axl in tumour 
progression, suggesting that Axl is a potential 
therapeutic target [30]. This study found that Axl 
expression and Axl and AKT phosphorylation 
levels were significantly reduced by VA 
treatment, demonstrating that the Axl-AKT 
signalling pathways were significantly affected, 
thereby affecting the growth, proliferation, and 
apoptosis of bladder cancer cells. Meanwhile, VA 
also affects lung cancer cell proliferation through 
the regulation of Axl expression [26]. Taken 
together, the findings of this work confirm that Axl 
could be a potential target of VA. 
 
This present work observed an anti-proliferation 
effect of VA extract in bladder cancer cells in 
vitro. In addition, VA extract was further found to 
induce cell cycle arrest in bladder cancer, with 
decreased expression of PCNA and cyclin D1 
and upregulation of p21 and p27. Similar to 
previous studies, this study found that in bladder 
cancer cells, VA extract promoted cell apoptosis 
in vitro; this was confirmed by the downregulation 

of Bcl-2 and cleaved caspase 3 and the 
upregulation of Bax.  
 
CONCLUSION 
 
This work revealed the anti-survival and pro-
apoptosis roles of Viscum album extract on 
bladder cancer cells. Therefore, as a traditional 
Chinese herbal medicine, VA extract can serve 
as a novel and promising therapeutic agent for 
the treatment of bladder cancer. 
 
DECLARATIONS 
 
Conflict of interest 
 
No conflict of interest is associated with this 
work. 
 
Contribution of authors 
 
We declare that this work was performed by the 
authors named in this article and all liabilities 
pertaining to claims relating to the content of this 
article will be borne by the authors. Shengyang 
Zhao, Mang Ke, and Ting Huang designed all the 
experiments and revised the paper. Tao Hong 
and Hongyuan Yu performed the experiments, 
Xianjun Zhang wrote the paper, and Mang Ke 
approved the final draft. 
 
Open Access  
 
This is an Open Access article that uses a fund-
ing model which does not charge readers or their 
institutions for access and distributed under the 
terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/ 
4.0) and the Budapest Open Access Initiative 
(http://www.budapestopenaccessinitiative.org/rea
d), which permit unrestricted use, distribution, 
and reproduction in any medium, provided the 
original work is properly credited. 
 
REFERENCES 
 
1. Keller J, Chiou HY, Lin HC. Increased risk of bladder 

cancer following diagnosis with bladder pain 
syndrome/interstitial cystitis. Neurourol Urodyn 2013; 
32(1): 58-62. 

2. Getzler I, Nativ O, Mano R, Baniel J, Rubinstein J, 
Halachmi S. Preoperative neutrophil to lymphocyte ratio 
can improve disease progression prediction of non-
muscle invasive bladder cancer. J Molecu Clin Medicin 
2018; 1(3): 135-142. 

3. Kaseb H, Aeddula NR: Cancer, Bladder. In: StatPearls. 
Treasure Island (FL); 2018. 

http://creativecommons.org/licenses/by/
http://www.budapestopenaccessinitiative.org/rea


Zhao et al 

Trop J Pharm Res, August 2019; 18(8): 1716 
 

4. Erikson MS, Petersen AC, Andersen KK, Andreasen AH, 
Friis S, Mogensen K, Hermann GG. National incidence 
and survival of patients with non-invasive papillary 
urothelial carcinoma: a Danish population study. Scand 
J Urol 2018: 1-7. 

5. Jiang DM, Jiang H, Chung PWM, Zlotta AR, Fleshner NE, 
Bristow RG, Berlin A, Kulkarni GS, Alimohamed NS, Lo 
G et al. Neoadjuvant Chemotherapy Before Bladder-
Sparing Chemoradiotherapy in Patients With 
Nonmetastatic Muscle-Invasive Bladder Cancer. Clin 
Genitourin Cancer 2019; 17(1): 38-45. 

6. Cui L, Sun MM, Zhao ZH, Yang JP, Zheng YP, He LL, 
Chen KS, Fan QX. BLCA-4 and UBC combined 
detection for early diagnosis of bladder cancer. J Biol 
Regul Homeost Agents 2016; 30(2): 485-490. 

7. Li C, Cui Y, Liu LF, Ren WB, Li QQ, Zhou X, Li YL, Li Y, 
Bai XY, Zu XB. High Expression of Long Noncoding 
RNA MALAT1 Indicates a Poor Prognosis and Promotes 
Clinical Progression and Metastasis in Bladder Cancer. 
Clin Genitourin Cancer 2017; 15(5): 570-576. 

8. Kiss B, Wyatt AW, Douglas J, Skuginna V, Mo F, 
Anderson S, Rotzer D, Fleischmann A, Genitsch V, 
Hayashi T et al. Her2 alterations in muscle-invasive 
bladder cancer: Patient selection beyond protein 
expression for targeted therapy. Sci Rep 2017; 7: 427-
433. 

9. Ko WS, Park TY, Park C, Kim YH, Yoon HJ, Lee SY, 
Hong SH, Choi BT, Lee YT, Choi YH. Induction of 
apoptosis by Chan Su, a traditional Chinese medicine, 
in human bladder carcinoma T24 cells. Oncol Rep 2005; 
14(2): 475-480. 

10. Han Y, Zhang L, Li W, Liu X, Xiao J, Chen G, Li N. 
Natural CAC chemopreventive agents from Ilex rotunda 
Thunb. J Nat Med 2019. 

11. Gutsch J, Werthmann PG, Rosenwald A, Kienle GS. 
Complete Remission and Long-term Survival of a 
Patient with a Diffuse Large B-cell Lymphoma Under 
Viscum album Extracts After Resistance to R-CHOP: A 
Case Report. Anticancer Res 2018; 38(9): 5363-5369. 

12. Ziegler R. Mistletoe Preparation Iscador: Are there 
Methodological Concerns with Respect to Controlled 
Clinical Trials? Evid Based Complement Alternat Med 
2009; 6(1): 19-30. 

13. Klopp R, Schmidt W, Werner E, Werner M, Niemer W, 
Beuth J. Influence of complementary Viscum album 
(Iscador) administration on microcirculation and immune 
system of ear, nose and throat carcinoma patients 
treated with radiation and chemotherapy. Anticancer 
Res 2005; 25(1B): 601-610. 

14. Lee YG, Jung I, Koo DH, Kang DY, Oh TY, Oh S, Lee 
SS. Efficacy and safety of Viscum album extract 
(Helixor-M) to treat malignant pleural effusion in patients 
with lung cancer. Support Care Cancer 2018. 

15. Schad F, Axtner J, Kroz M, Matthes H, Steele ML. Safety 
of Combined Treatment With Monoclonal Antibodies 
and Viscum album L Preparations. Integr Cancer Ther 
2018; 17(1): 41-51. 

16. Ucar EO, Arda N, Aitken A. Extract from mistletoe, 
Viscum album L., reduces Hsp27 and 14-3-3 protein 
expression and induces apoptosis in C6 rat glioma cells. 
Genet Mol Res 2012; 11(3): 2801-2813. 

17. Srdic-Rajic T, Tisma-Miletic N, Cavic M, Kanjer K, Savikin 
K, Galun D, Konic-Ristic A, Zoranovic T. Sensitization of 
K562 Leukemia Cells to Doxorubicin by the Viscum 
album Extract. Phytother Res 2016; 30(3): 485-495. 

18. Melo MNO, Oliveira AP, Wiecikowski AF, Carvalho RS, 
Castro JL, de Oliveira FAG, Pereira HMG, da Veiga VF, 
Capella MMA, Rocha L, et al. Phenolic compounds from 
Viscum album tinctures enhanced antitumor activity in 
melanoma murine cancer cells. Saudi Pharm J 2018; 
26(3): 311-322. 

19. Delebinski CI, Jaeger S, Kemnitz-Hassanin K, Henze G, 
Lode HN, Seifert GJ. A new development of triterpene 
acid-containing extracts from Viscum album L. displays 
synergistic induction of apoptosis in acute lymphoblastic 
leukaemia. Cell Prolif 2012; 45(2): 176-187. 

20. dela Cruz JF, Kim YS, Lumbera WM, Hwang SG. Viscum 
Album Var Hot Water Extract Mediates Anti-cancer 
Effects through G1 Phase Cell Cycle Arrest in SK-Hep1 
Human Hepatocarcinoma cells. Asian Pac J Cancer 
Prev 2015; 16(15): 6417-6421. 

21. Salmanoglu E, Halpern E, Trabulsi EJ, Kim S, Thakur 
ML. A glance at imaging bladder cancer. Clin Transl 
Imaging 2018; 6(4): 257-269. 

22. Zhu Z, Shen Z, Xu C. Inflammatory pathways as 
promising targets to increase chemotherapy response in 
bladder cancer. Mediators Inflamm 2012; 2012(528690. 

23. Lin YC, Huang WT, Ou SC, Hung HH, Cheng WZ, Lin 
SS, Lin HJ, Huang ST. Neural network analysis of 
Chinese herbal medicine prescriptions for patients with 
colorectal cancer. Complement Ther Med 2019; 42(279-
285. 

24. Nguyen VN, Mirejovsky P, Mirejovsky T, Melinova L, 
Mandys V. Expression of cyclin D1, Ki-67 and PCNA in 
non-small cell lung cancer: prognostic significance and 
comparison with p53 and bcl-2. Acta Histochem 2000; 
102(3): 323-338. 

25. Jung D, Khurana A, Roy D, Kalogera E, Bakkum-Gamez 
J, Chien J, Shridhar V. Quinacrine upregulates p21/p27 
independent of p53 through autophagy-mediated 
downregulation of p62-Skp2 axis in ovarian cancer. Sci 
Rep 2018; 8(1): 2487. 

26. Kim S, Kim KC, Lee C. Mistletoe (Viscum album) extract 
targets Axl to suppress cell proliferation and overcome 
cisplatin- and erlotinib-resistance in non-small cell lung 
cancer cells. Phytomedicine 2017; 36(183-193. 

27. Yang X, Jiang S, Liu Y, Zhang P, Xie S, Wang G. 
Recombinant VAA-I from Viscum album induces 
apoptotic cell death of hepatocellular carcinoma 
SMMC7721 cells. Molecules 2012; 17(10): 11435-
11446. 

28. Bian ZQ, Luo Y, Guo F, Huang YZ, Zhong M, Cao H. 
Overexpressed ACP5 has prognostic value in colorectal 
cancer and promotes cell proliferation and 



Zhao et al 

Trop J Pharm Res, August 2019; 18(8): 1717 
 

tumorigenesis via FAK/PI3K/AKT signaling pathway. Am 
J Cancer Res 2019; 9(1): 22-35. 

29. Suh YA, Jo SY, Lee HY, Lee C. Inhibition of IL-6/STAT3 
axis and targeting Axl and Tyro3 receptor tyrosine 
kinases by apigenin circumvent taxol resistance in 

ovarian cancer cells. Int J Oncol 2015; 46(3): 1405-
1411. 

30. Du W, Brekken RA. Does Axl have potential as a 
therapeutic target in pancreatic cancer? Expert Opin 
Ther Targets 2018; 22(11): 955-966. 

 


