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Abstract

Over the recent decades, there has been a number of studies investigating the role of mucins in the pathogenesis
of various cancers such as breast, lung, ovarian, gastrointestinal and pancreatic malignancies. Since then, it has
been discovered that mucins play a critical role in tumorigenesis as they can mediate cell proliferation, metastasis
and resistance to chemotherapy. Thus, mucins have been explored as a potential therapeutic target as well as a
biomarker, as cancer cells often have an aberrant expression of mucins. MUC16 is a glycoprotein coded by one of
the 21 mucin genes. CA125, the extracellular domain of MUC16, is a well-established biomarker for ovarian cancer,
however there is no in depth literature review on MUC16 as a target for anti-cancer therapy. Thus, this review
summarises the existing literature on MUC16, the current therapies targeting on MUC16 and highlights future
avenues for targeting mucin-producing cancers.
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Introduction
MUC16 is a type of Type 1 transmembrane mucin with a molecular

weight of 3-5 million Da [1], making it the largest glycoprotein out of
the mucin family. It is a well-established biomarker used to monitor
the progression and recurrence of ovarian cancer. Furthermore, it is
overexpressed in a range of human malignancies including ovarian,
pancreatic, breast, cholangiocarcinoma, cervical, gastric and non-small
cell lung cancer [1-6]. Mucins are a family of high molecular weight
glycoproteins composed of oligosaccharides attached to a peptide core
[7]. There are three main components to MUC16 including an
extracellular N-terminal domain, tandem repeat domain and carboxyl
terminal section as seen in Figure 1. Several hundred oligosaccharides
are attached to the N-terminal domain through O-linked glycosylation
and N-linked glycosylation whilst the tandem repeat region (TRR) has
approximately 60 repeats of a 156 amino acid sequence, with
disulphide bonds that confers structural stability. Attached to the TRR
is a smaller C-terminal domain that also contains a cytoplasmic tail
involved in intracellular cell events (Figure 1) [1,3,8].

Importance of MUC16 in Cancer
MUC16 is normally present in the respiratory, reproductive and

corneal epithelium. As a large glycoprotein, it is able to form a
chemical barrier to protect the epithelium against hostile
environmental conditions and pathogens [1,9]. However, cancer cells
have an aberrant expression of mucins, which confers a number of
oncogenic properties such as increased cell proliferation, evasion of the
immune system and metastasis [1,3,10].

Figure 1: Structure of MUC16.

Ovarian cancer
More than 80% of epithelial ovarian cancers overexpress MUC16,

also known as CA125 [11,12]. CA125 is part of the extracellular
portion of MUC16 that can be shed into the circulatory system [10].
Therefore, serum levels of CA125 are used to monitor disease status
and recurrence after surgery or radiotherapy [13,14]. Functionally,
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MUC16 is an important molecule in metastasis through modulating E-
cadherin, N-cadherin and vimentin expression [15-17]. MUC16 also
binds to mesothelin, a protein involved in peritoneal metastases of
ovarian cancers. Other properties include inhibition of apoptosis,
contributing to chemotherapy resistance [8,11,18] and activation of
STAT3 through JAK2, which increases cell proliferation [3,13].
Additionally, MUC16 is implicated in reducing the immune system
response by binding to inhibitory receptors on natural killer (NK) cells
[1,19] and decreasing expression of CD16, a cytokine that stimulates
NK cells [20,21].

Pancreatic cancer
There is a progressive increase in the expression of MUC16 from the

precursor pancreatic intraepithelial neoplasia to adenocarcinoma,
further suggesting its significance in tumorigenesis [22,23].
Furthermore, MUC16 has been reported to correlate with higher
metastatic burden, and serum CA125 levels at baseline was a predictive
factor for metastasis after resection [9,24,25]. A number of mechanistic
studies have shown that MUC16 binds to mesothelin, E and P selectin
and upregulates the FAK mediated Akt pathways, which confers
metastatic properties [10,26-28]. Other oncogenic properties of
MUC16 include reprogramming metabolism [29] and increasing cell
proliferation through JAK2 [30]. A number of other studies have also
looked into the importance of MUC16 in mediating resistance to
therapy. Mucins in general have been implicated in resistance through
a number of mechanisms including forming a physical barrier around
the tumour cell [31]. Specifically, MUC16 is involved in inhibiting
apoptosis and blunting the cellular response to genotoxic drugs [32].
As it plays an important role in the oncogenesis, MUC16 has garnered
attention as a biomarker to monitor disease and predicting response to
therapy [2,7,33].

Breast cancer
MUC16 is overexpressed in breast carcinomas [34]. Functionally,

the MUC16 glycoprotein interacts with JAK2, resulting in the
phosphorylation of STAT3, inducing cell proliferation. MUC16 also
down regulates the tumour necrosis factor-related apoptosis-inducing
ligand apoptotic pathway (TRAIL) [35]. Hence, MUC16 knockdown
in breast cancer cells resulted in increased apoptotic rates, suggesting
again that it plays an important role in cancer cell survival [36].

Lung cancer
MUC16 is associated with invasive lung cancer and predicts a

poorer clinical prognosis in those with metastatic lung cancer through
mediating chemoresistance and increasing the aggressive of the cancer
[37]. Furthermore, it is also involved in mediating resistance to
platinum based genotoxic drugs through increased expression of
TSPYL5 (testis-specific Y-like protein). TSPL5 can subsequently bind
to ubiquitin specific protease to inactivate p53, a tumour suppressor
protein [3].

Bladder cancer
Similarly, MUC16 stimulates angiogenesis and mediates metastasis

in advanced bladder cancer and may have clinical utility as a
biomarker. However, further work is needed to elucidate the functional
significance of MUC16 in urological malignancies [38].

Oral squamous cell carcinoma
In a study involving 97 patients, CA125 levels were measured with

ELISA between oral squamous cell carcinoma, non-neoplastic disease
of the oral cavity and controls. CA125 levels were higher in the saliva
of those with oral squamous cell carcinoma compared to those with
non-neoplastic disease or healthy controls. However levels didn’t
correlate with grade or prognosis [39].

MUC16 as an Anti-Cancer Target
The most common therapeutic approach has been using antibodies

against the tandem repeat region of MUC16, specifically CA125.
However, other emerging therapies and potential avenues of treatment
also exist.

Anti-MUC16 antibodies
There have been a number of antibodies developed against CA125,

an epitope of MUC16 contained in the tandem repeat region, for the
treatment of ovarian cancer as a potential front line therapy, and a
maintenance drug to prevent recurrence disease [8]. Mab-B43.13, also
called oregovomab, is a monoclonal antibody that binds to CA125
forming antigen-antibody complexes to stimulate an immune response
[40,41]. Although patients had a measurable increase in both T and B
cells [42,43], clinically it was met with limited success [44].

Abagovomab, is an anti-idiotypic antibody targeting CA125 in
ovarian cancer. It is designed chemically similar to the tumour antigen,
thus eliciting an immune response against the cancer cells [45].
Although it showed potential in Phase I and II trials, ultimately the
therapy failed to show significant benefit over the placebo [46-48].
Interestingly, patients with cytotoxic T-cells (CTLs) against MUC16
had a better clinical prognosis regardless of whether they received
therapy, suggesting the importance of MUC16 in ovarian cancer [49].
Other than monoclonal antibodies, studies have also investigated the
use of vaccinations such as the ACA125 vaccine, which showed a 3-
month improvement in progression free survival in patients with
advanced ovarian cancer [50,51]. Similarly, another preclinical study
investigating a MUC16 vaccine showed that patients generated an IgG
response, however the clinical utility is yet to be determined [52].
Overall, immunotherapy has shown limited benefit. This may be due to
the fact that the extracellular domain of MUC16 undergoes cleavage,
which reduces the binding of these monoclonal antibodies to the
tumour cells. Furthermore, due to the shedding of MUC16, it is also
likely that the drug binds to circulating MUC16 in the serum, hence
only a small fraction ever reaches the tumour cells [8]. Therefore, to
improve current immunotherapy for MUC16, it would be necessary to
generate antibodies against the carboxyl terminal domain that does not
undergo cleavage. Currently, Dharma et al. has developed an antibody
binding to the carboxyl terminal domain of MUC16, which is retained
by the tumour cells after cleavage. However, this has only been
performed in vitro [53].

Adoptive immunotherapy
CAR (chimeric antigen receptor) T cells are genetically modified T

cells that express a receptor for a specific tumour antigen. They are able
to bind to the tumour cell with higher affinity, magnifying the
cytotoxic T cell killing effect. Recently, a CAR T cell expressing the
MUC16 epitope has been designed for a Phase I clinical trial. In order
to enhance the efficacy of the treatment, the T cell has also been
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modified to increase the expression of IL-12, a cytokine with anti-
cancer properties [54]. Another similar study had looked at CAR T
cells expressing MUC16, which had cytotoxic effects in vitro and
completely eliminated the tumour in murine models [55]. The clinical
benefit of these therapies over existing regimens, however, needs to be
evaluated.

Targeting interactions between MUC16 and downstream
targets

MUC16 interacts with a number of oncogenic proteins such as
mesothelin, an important molecule that regulates cell adhesion,
strongly implicated in peritoneal metastases of ovarian cancer [56].
HN125 is an immunoadhesin that has a high affinity for MUC16. It
was created by combining mesothelin with the constant domain of
human immunoglobulin. By binding to the glycoprotein, it can
antagonize the interaction between MUC16 and mesothelin, therefore
inhibiting the spread of ovarian cancer. Furthermore, it was also able to
generate an antibody dependent cytotoxic response against MUC16
expressing ovarian cancer cells. Immunadhesins therefore can be an
alternative method of immunotherapy in cases where monoclonal
antibodies have failed [57]. A similar antibody MORAb-990 that
antagonises the binding of MUC16 to mesothelin has also been
explored in a Phase I trial and showed an additional benefit of
chemosensitization [58].

Antidrug conjugates
As cancer cells overexpress MUC16, by binding the drug to an anti-

MUC16 monoclonal antibody this specifically targets tumour cells.
Utilising this method in MUC16 positive cancer has reportedly
reduced systemic side effects and improves potency of the drug [8].
Currently it has been tested in a Phase I clinical trial where the drug
monomethyl auristatin E was bound to anti-MUC16 antibodies. One
patient had a complete regression of their tumour whilst five has a
reduction [1]. In another Phase 1 multicenter study they conjugated
the same drug to another MUC16 antibody DMUC5754A and
administered it to 66 platinum-resistant ovarian cancer patients and 11
unresectable pancreatic cancer patients. Six patients had a positive
response whilst for two of the patients the drug was able to stop the
progression. CA19-9 serum levels were measured to monitor response
rate [59]. Another in vitro study has investigated Meso-TR3, a
recombinant protein combining mesothelin and TR3, that binds to
MUC16. By combining the drug TRAIL (TNF-related apoptosis
inducing ligand) with Meso-TR3, a higher concentration of the drug
reached the ovarian cancer cells resulting in an upregulation of
apoptosis for both in vitro and animal studies [60].

Mucolytic agents
Considering the difficulty of targeting MUC16, an alternative

therapeutic approach would be to utilise mucolytic agents that deplete
mucins in general. One such combination is the use of bromelain and
N-acetylcysteine. Bromelain, an extract from pineapple stem, is a
mixture of proteolytic enzymes able to cleave glycosidic bonds in
mucins [61] and is traditionally used as a complementary medicine for
its anti-inflammatory and anti-thrombotic effects [62]. N-
acetylcysteine is a derivative of a natural amino acid, used as a
mucolytic agent in conditions such as cystic fibrosis and also as an
antioxidant for acetaminophen poisoning [63,64] and is able to cleave
disulphide bonds that stabilize the mucinous structure [65]. Recently,

the combination has garnered attention as an anti-cancer agent,
particularly in regards to its mucolytic properties.

The utility of bromelain and N-acetylcysteine has been investigated
in a number of mucin producing cancers such as malignant pleural
mesothelioma [61,66], gastrointestinal cancers [65,67-69]. These in
vitro studies have shown that bromelain and N-acetylcysteine
synergistically reduces mucins, thus depleting the cells of an essential
protective framework resulting in increased cell death as well as
increased chemosensitivity [61,65-69].

Conclusion
Although it is used widely as a biomarker for ovarian cancer, it is

clear that MUC16 plays an important role in the pathogenesis of a
number of human malignancies such as ovarian, breast, colorectal and
pancreatic cancer. However, we are yet to completely understand the
mechanism of MUC16 in facilitating tumour growth and invasion and
currently we do have any effective therapies against MUC16. One of
the major barriers to achieving this therapeutic goal is that the
structure and function of MUC16 is not well characterised.
Additionally, the majority of the methods for therapy and clinical trials
have focused primarily around ovarian cancer. This review highlights
the unexplored capacity of MUC16 as a potential therapeutic target in
namely pancreatic and breast cancers, and the importance of
examining these other mucin-producing tumours.

References
1. Felder M, Kapur A, Gonzalez-Bosquet J, Horibata S, Heintz J, et al. (2014)

MUC16 (CA125): tumor biomarker to cancer therapy, a work in progress.
Mol Cancer 13: 129.

2. Liang C, Qin Y, Zhang B, Ji S, Shi S, et al. (2017) Oncogenic KRAS Targets
MUC16/CA125 in Pancreatic Ductal Adenocarcinoma. Mol Cancer Res
15: 201-212.

3. Lakshmanan I, Salfity S, Seshacharyulu P, Rachagani S, Thomas A, et al.
(2017) MUC16 Regulates TSPYL5 for Lung Cancer Cell Growth and
Chemoresistance by Suppressing p53. Clin Cancer Res .

4. Higashi M, Yamada N, Yokoyama S, Kitamoto S, Tabata K, et al. (2012)
Pathobiological implications of MUC16/CA125 expression in
intrahepatic cholangiocarcinoma-mass forming type. Pathobiology 79:
101-106.

5. Togami S, Nomoto M, Higashi M, Goto M, Yonezawa S, et al. (2010)
Expression of mucin antigens (MUC1 and MUC16) as a prognostic factor
for mucinous adenocarcinoma of the uterine cervix. J Obstet Gynaecol
Res 36: 588-597.

6. Streppel MM, Vincent A, Mukherjee R, Campbell NR, Chen SH, et al.
(2012) Mucin 16 (cancer antigen 125) expression in human tissues and
cell lines and correlation with clinical outcome in adenocarcinomas of the
pancreas, esophagus, stomach, and colon. Hum Pathol 43: 1755-1763.

7. Jonckheere N, Skrypek N, Van Seuningen I (2010) Mucins and pancreatic
cancer. Cancers (Basel) 2: 1794-1812.

8. Das S, Batra SK (2015) Understanding the Unique Attributes of MUC16
(CA125): Potential Implications in Targeted Therapy. Cancer Res 75:
4669-4674.

9. Haridas D, Ponnusamy MP, Chugh S, Lakshmanan I, Seshacharyulu P, et
al. (2014) MUC16: molecular analysis and its functional implications in
benign and malignant conditions. Faseb J 28: 4183-4199.

10. Liu Q, Cheng Z, Luo L, Yang Y, Zhang Z, et al. (2016) C-terminus of
MUC16 activates Wnt signaling pathway through its interaction with
beta-catenin to promote tumorigenesis and metastasis. Oncotarget 7:
36800-36813.

11. Matte I, Lane D, Boivin M, Rancourt C, Piché A (2014) MUC16 mucin
(CA125) attenuates TRAIL-induced apoptosis by decreasing TRAIL

Citation: Suh H, Valle S, Morris DL (2017) Targeting MUC16 in Cancer Therapy. Chemo Open Access 6: 235. doi:10.4172/2167-7700.1000235

Page 3 of 5

Chemo Open Access, an open access journal
ISSN:2167-7700

Volume 6 • Issue 2 • 1000235

http://dx.doi.org/10.1186/1476-4598-13-129
http://dx.doi.org/10.1186/1476-4598-13-129
http://dx.doi.org/10.1186/1476-4598-13-129
http://dx.doi.org/10.1158/1078-0432.CCR-16-2530
http://dx.doi.org/10.1158/1078-0432.CCR-16-2530
http://dx.doi.org/10.1158/1078-0432.CCR-16-2530
http://dx.doi.org/10.1159/000335164
http://dx.doi.org/10.1159/000335164
http://dx.doi.org/10.1159/000335164
http://dx.doi.org/10.1159/000335164
http://dx.doi.org/10.1111/j.1447-0756.2010.01221.x
http://dx.doi.org/10.1111/j.1447-0756.2010.01221.x
http://dx.doi.org/10.1111/j.1447-0756.2010.01221.x
http://dx.doi.org/10.1111/j.1447-0756.2010.01221.x
http://dx.doi.org/10.1016/j.humpath.2012.01.005
http://dx.doi.org/10.1016/j.humpath.2012.01.005
http://dx.doi.org/10.1016/j.humpath.2012.01.005
http://dx.doi.org/10.1016/j.humpath.2012.01.005
http://dx.doi.org/10.3390/cancers2041794
http://dx.doi.org/10.3390/cancers2041794
http://dx.doi.org/10.1158/0008-5472.CAN-15-1050
http://dx.doi.org/10.1158/0008-5472.CAN-15-1050
http://dx.doi.org/10.1158/0008-5472.CAN-15-1050
http://dx.doi.org/10.1096/fj.14-257352
http://dx.doi.org/10.1096/fj.14-257352
http://dx.doi.org/10.1096/fj.14-257352
http://dx.doi.org/10.18632/oncotarget.9191
http://dx.doi.org/10.18632/oncotarget.9191
http://dx.doi.org/10.18632/oncotarget.9191
http://dx.doi.org/10.18632/oncotarget.9191
http://dx.doi.org/10.1186/1471-2407-14-234
http://dx.doi.org/10.1186/1471-2407-14-234


receptor R2 expression and increasing c-FLIP expression. BMC Cancer
14: 234.

12. Rao TD, Tian H, Ma X, Yan X, Thapi S, et al. (2015) Expression of the
Carboxy-Terminal Portion of MUC16/CA125 Induces Transformation
and Tumor Invasion. PLoS One 10: e0126633.

13. McLemore MR, Aouizerat B (2005) Introducing the MUC16 gene:
implications for prevention and early detection in epithelial ovarian
cancer. Biol Res Nurs 6: 262-267.

14. Bast RC Jr, Badgwell D, Lu Z, Marquez R, Rosen D, et al. (2005) New
tumor markers: CA125 and beyond. Int J Gynecol Cancer 3: 274-281.

15. Thériault C, Pinard M, Comamala M, Migneault M, Beaudin J, et al.
(2011) MUC16 (CA125) regulates epithelial ovarian cancer cell growth,
tumorigenesis and metastasis. Gynecol Oncol 121: 434-443.

16. Comamala M, Pinard M, Thériault C, Matte I, Albert A, et al. (2011)
Downregulation of cell surface CA125/MUC16 induces epithelial-to-
mesenchymal transition and restores EGFR signalling in NIH:OVCAR3
ovarian carcinoma cells. Br J Cancer 104: 989-999.

17. Akita K, Tanaka M, Tanida S, Mori Y, Toda M, et al. (2013) CA125/
MUC16 interacts with Src family kinases, and over-expression of its C-
terminal fragment in human epithelial cancer cells reduces cell-cell
adhesion. Eur J Cell Biol 92: 257-263.

18. Boivin M, Lane D, Piché A, Rancourt C (2009) CA125 (MUC16) tumor
antigen selectively modulates the sensitivity of ovarian cancer cells to
genotoxic drug-induced apoptosis. Gynecol Oncol 115: 407-413.

19. Belisle JA, Horibata S, Jennifer GA, Petrie S, Kapur A, et al. (2010)
Identification of Siglec-9 as the receptor for MUC16 on human NK cells,
B cells, and monocytes. Mol Cancer 9: 118.

20. Gubbels JA, Felder M, Horibata S, Belisle AJ, Kapur A, et al. (2010)
MUC16 provides immune protection by inhibiting synapse formation
between NK and ovarian tumor cells. Mol Cancer 9: 1-11.

21. Patankar MS, Jing Y, Morrison JC, Belisle JA, Lattanzio FA, et al. (2005)
Potent suppression of natural killer cell response mediated by the ovarian
tumor marker CA125. Gynecol Oncol 99: 704-713.

22. Jiang K (2016) Cancer Antigen 125 (CA125, MUC16) Protein Expression
in the Diagnosis and Progression of Pancreatic Ductal Adenocarcinoma.
Appl Immunohistochem Mol Morphol.

23. Haridas D, Chakraborty S, Ponnusamy MP, Lakshmanan I, Rachagani S,
et al. (2011) Pathobiological implications of MUC16 expression in
pancreatic cancer. PLoS One 6: e26839.

24. Liu L, Xiang Xu H, Wang WQ, Tao Wu C, Xiang JF, et al. (2016) Serum
CA125 is a novel predictive marker for pancreatic cancer metastasis and
correlates with the metastasis-associated burden. Oncotarget 7:
5943-5956.

25. Liu L, Xu H, Wang W, Wu C, Chen Y, et al. (2015) A preoperative serum
signature of CEA+/CA125+/CA19-9 â‰¥ 1000 U/mL indicates poor
outcome to pancreatectomy for pancreatic cancer. Int J Cancer 136:
2216-2227.

26. Chen SH, Hung WC, Wang P, Paul C, Konstantopoulos K (2013)
Mesothelin binding to CA125/MUC16 promotes pancreatic cancer cell
motility and invasion via MMP-7 activation. Sci Rep 3: 1870.

27. Chen SH, Dallas MR, Balzer EM, Konstantopoulos K (2012) Mucin 16 is
a functional selectin ligand on pancreatic cancer cells. FASEB J 26:
1349-1359.

28. Muniyan S, Haridas D, Chugh S, Rachagani S, Lakshmanan I, et al. (2016)
MUC16 contributes to the metastasis of pancreatic ductal
adenocarcinoma through focal adhesion mediated signaling mechanism.
Genes Cancer 3: 110-124.

29. Shukla SK, Gunda V, Abrego J, Haridas D, Mishra A, et al. (2015)
MUC16-mediated activation of mTOR and c-Myc reprograms pancreatic
cancer metabolism. Oncotarget 6: 19118-19131.

30. Das S, Rachagani S, Gonzalez MPT, Lakshmanan I, Majhi PD, et al.
(2015) Carboxyl-terminal domain of MUC16 imparts tumorigenic and
metastatic functions through nuclear translocation of JAK2 to pancreatic
cancer cells. Oncotarget 6: 5772-5787.

31. Kalra AV, Campbell RB (2009) Mucin overexpression limits the
effectiveness of 5-FU by reducing intracellular drug uptake and
antineoplastic drug effects in pancreatic tumours. Eur J Cancer 45:
164-173.

32. Jonckheere N, Skrypek N, Van Seuningen I (2014) Mucins and tumor
resistance to chemotherapeutic drugs. Biochim Biophys Acta 1846:
142-151.

33. Liu L, Xiang J, Chen R, Fu D, Hong D, et al. (2016) The clinical utility of
CA125/MUC16 in pancreatic cancer: A consensus of diagnostic,
prognostic and predictive updates by the Chinese Study Group for
Pancreatic Cancer (CSPAC). Int J Oncol 48: 900-907.

34. Moritani S, Ichihara S, Hasegawa M, Endo T, Oiwa M, et al. (2008) Serous
papillary adenocarcinoma of the female genital organs and invasive
micropapillary carcinoma of the breast. Are WT1, CA125, and
GCDFP-15 useful in differential diagnosis? Hum Pathol 39: 666-671.

35. Lakshmanan I, Ponnusamy MP, Das S, Chakraborty S, Haridas D, et al.
(2012) MUC16 induced rapid G2/M transition via interactions with JAK2
for increased proliferation and anti-apoptosis in breast cancer cells.
Oncogene 31: 805-817.

36. Reinartz S, Failer S, Schuell T, Wagner U (2012) CA125 (MUC16) gene
silencing suppresses growth properties of ovarian and breast cancer cells.
Eur J Cancer 48: 1558-1569.

37. Zeng YC, Wu R, Wang SL, Chi F, Xing R, et al. (2014) Serum CA125 level
predicts prognosis in patients with multiple brain metastases from non-
small cell lung cancer before and after treatment of whole-brain
radiotherapy. Med Oncol 31: 48.

38. Cotton S, Azevedo R, Gaiteiro C, Ferreira D, Lima L, et al. (2017)
Targeted O-glycoproteomics explored increased sialylation and identified
MUC16 as a poor prognosis biomarker in advanced-stage bladder
tumours. Mol Oncol, 2017.

39. Geng XF, Du M, Han JX, Zhang M, Tang XF, et al. (2013) Saliva CA125
and TPS levels in patients with oral squamous cell carcinoma. Int J Biol
Markers 28: 216-220.

40. Berek JS (2004) Immunotherapy of ovarian cancer with antibodies: a
focus on oregovomab. Expert Opin Biol Ther 4: 1159-1165.

41. Berek J, Taylor P, McGuire W, Smith LM, Schultes B, et al. (2009)
Oregovomab maintenance monoimmunotherapy does not improve
outcomes in advanced ovarian cancer. J Clin Oncol 27: 418-425.

42. Noujaim AA, Schultes BC, Baum RP, Madiyalakan R (2001) Induction of
CA125-specific B and T cell responses in patients injected with MAb-
B43.13--evidence for antibody-mediated antigen-processing and
presentation of CA125 in vivo. Cancer Biother Radiopharm 16: 187-203.

43. Möbus VJ, Baum RP, Bolle M, Kreienberg R, Noujaim AA, et al. (2003)
Immune responses to murine monoclonal antibody-B43.13 correlate with
prolonged survival of women with recurrent ovarian cancer. Am J Obstet
Gynecol 189: 28-36.

44. Berek JS, Taylor PT, Gordon A, Cunningham MJ, Finkler N, et al. (2004)
Randomized, placebo-controlled study of oregovomab for consolidation
of clinical remission in patients with advanced ovarian cancer. J Clin
Oncol 22: 3507-3516.

45. Wagner U, Köhler S, Prietl G, Giffels P, Schmidt-Nicolai S, et al. (1999)
[Monoclonal anti-idiotype antibodies in immunotherapy of ovarian
carcinoma (MAb ACA125) and breast carcinoma (MAb ACA14C5)].
Zentralbl Gynakol 121: 190-195.

46. Grisham RN, Berek J, Pfisterer J, Sabbatini P (2011) Abagovomab: an
anti-idiotypic CA-125 targeted immunotherapeutic agent for ovarian
cancer. Immunotherapy 3: 153-162.

47. Bauerschlag DO, Schem C, Baumann K, Harter P, Hilpert F, et al. (2008)
Anti-idiotypic antibody abagovomab in advanced ovarian cancer. Future
Oncol 4: 769-773.

48. Sabbatini P, Harter P, Scambia G, Sehouli J, Meier W, et al. (2013)
Abagovomab as maintenance therapy in patients with epithelial ovarian
cancer: a phase III trial of the AGO OVAR, COGI, GINECO, and
GEICO--the MIMOSA study. J Clin Oncol 31: 1554-1561.

49. Buzzonetti A, Fossati M, Catzola V, Scambia G, Fattorossi A, et al. (2014)
Immunological response induced by abagovomab as a maintenance

Citation: Suh H, Valle S, Morris DL (2017) Targeting MUC16 in Cancer Therapy. Chemo Open Access 6: 235. doi:10.4172/2167-7700.1000235

Page 4 of 5

Chemo Open Access, an open access journal
ISSN:2167-7700

Volume 6 • Issue 2 • 1000235

http://dx.doi.org/10.1186/1471-2407-14-234
http://dx.doi.org/10.1186/1471-2407-14-234
https://doi.org/10.1371/journal.pone.0126633
https://doi.org/10.1371/journal.pone.0126633
https://doi.org/10.1371/journal.pone.0126633
http://journals.sagepub.com/doi/abs/10.1177/1099800404274445
http://journals.sagepub.com/doi/abs/10.1177/1099800404274445
http://journals.sagepub.com/doi/abs/10.1177/1099800404274445
http://dx.doi.org/10.1111/j.1525-1438.2005.00441.x
http://dx.doi.org/10.1111/j.1525-1438.2005.00441.x
http://dx.doi.org/10.1016/j.ygyno.2011.02.020
http://dx.doi.org/10.1016/j.ygyno.2011.02.020
http://dx.doi.org/10.1016/j.ygyno.2011.02.020
http://dx.doi.org/10.1038/bjc.2011.34
http://dx.doi.org/10.1038/bjc.2011.34
http://dx.doi.org/10.1038/bjc.2011.34
http://dx.doi.org/10.1038/bjc.2011.34
http://www.sciencedirect.com/science/article/pii/S0171933513000642
http://www.sciencedirect.com/science/article/pii/S0171933513000642
http://www.sciencedirect.com/science/article/pii/S0171933513000642
http://www.sciencedirect.com/science/article/pii/S0171933513000642
http://dx.doi.org/10.1016/j.ygyno.2009.08.007
http://dx.doi.org/10.1016/j.ygyno.2009.08.007
http://dx.doi.org/10.1016/j.ygyno.2009.08.007
http://dx.doi.org/10.1186/1476-4598-9-118
http://dx.doi.org/10.1186/1476-4598-9-118
http://dx.doi.org/10.1186/1476-4598-9-118
http://dx.doi.org/10.1186/1476-4598-9-118
http://dx.doi.org/10.1186/1476-4598-9-118
http://dx.doi.org/10.1186/1476-4598-9-118
http://dx.doi.org/10.1016/j.ygyno.2005.07.030
http://dx.doi.org/10.1016/j.ygyno.2005.07.030
http://dx.doi.org/10.1016/j.ygyno.2005.07.030
https://doi.org/10.1371/journal.pone.0026839
https://doi.org/10.1371/journal.pone.0026839
https://doi.org/10.1371/journal.pone.0026839
http://dx.doi.org/10.18632/oncotarget.6819
http://dx.doi.org/10.18632/oncotarget.6819
http://dx.doi.org/10.18632/oncotarget.6819
http://dx.doi.org/10.18632/oncotarget.6819
http://dx.doi.org/10.1002/ijc.29242
http://dx.doi.org/10.1002/ijc.29242
http://dx.doi.org/10.1002/ijc.29242
http://dx.doi.org/10.1002/ijc.29242
http://dx.doi.org/10.1038/srep01870
http://dx.doi.org/10.1038/srep01870
http://dx.doi.org/10.1038/srep01870
http://dx.doi.org/10.1096/fj.11-195669
http://dx.doi.org/10.1096/fj.11-195669
http://dx.doi.org/10.1096/fj.11-195669
http://dx.doi.org/10.18632/genesandcancer.104
http://dx.doi.org/10.18632/genesandcancer.104
http://dx.doi.org/10.18632/genesandcancer.104
http://dx.doi.org/10.18632/genesandcancer.104
http://dx.doi.org/10.18632/oncotarget.4078
http://dx.doi.org/10.18632/oncotarget.4078
http://dx.doi.org/10.18632/oncotarget.4078
http://dx.doi.org/10.18632/oncotarget.3308
http://dx.doi.org/10.18632/oncotarget.3308
http://dx.doi.org/10.18632/oncotarget.3308
http://dx.doi.org/10.18632/oncotarget.3308
http://dx.doi.org/10.1016/j.ejca.2008.10.008
http://dx.doi.org/10.1016/j.ejca.2008.10.008
http://dx.doi.org/10.1016/j.ejca.2008.10.008
http://dx.doi.org/10.1016/j.ejca.2008.10.008
http://dx.doi.org/10.1016/j.bbcan.2014.04.008
http://dx.doi.org/10.1016/j.bbcan.2014.04.008
http://dx.doi.org/10.1016/j.bbcan.2014.04.008
http://dx.doi.org/10.3892/ijo.2015.3316
http://dx.doi.org/10.3892/ijo.2015.3316
http://dx.doi.org/10.3892/ijo.2015.3316
http://dx.doi.org/10.3892/ijo.2015.3316
http://www.sciencedirect.com/science/article/pii/S0046817707004959
http://www.sciencedirect.com/science/article/pii/S0046817707004959
http://www.sciencedirect.com/science/article/pii/S0046817707004959
http://www.sciencedirect.com/science/article/pii/S0046817707004959
http://dx.doi.org/10.1038/onc.2011.297
http://dx.doi.org/10.1038/onc.2011.297
http://dx.doi.org/10.1038/onc.2011.297
http://dx.doi.org/10.1038/onc.2011.297
http://dx.doi.org/10.1016/j.ejca.2011.07.004
http://dx.doi.org/10.1016/j.ejca.2011.07.004
http://dx.doi.org/10.1016/j.ejca.2011.07.004
http://dx.doi.org/10.1007/s12032-014-0048-y
http://dx.doi.org/10.1007/s12032-014-0048-y
http://dx.doi.org/10.1007/s12032-014-0048-y
http://dx.doi.org/10.1007/s12032-014-0048-y
http://dx.doi.org/10.1002/1878-0261.12035
http://dx.doi.org/10.1002/1878-0261.12035
http://dx.doi.org/10.1002/1878-0261.12035
http://dx.doi.org/10.1002/1878-0261.12035
http://dx.doi.org/10.5301/jbm.5000001
http://dx.doi.org/10.5301/jbm.5000001
http://dx.doi.org/10.5301/jbm.5000001
http://dx.doi.org/10.1517/14712598.4.7.1159
http://dx.doi.org/10.1517/14712598.4.7.1159
http://dx.doi.org/10.1200/JCO.2008.17.8400
http://dx.doi.org/10.1200/JCO.2008.17.8400
http://dx.doi.org/10.1200/JCO.2008.17.8400
https://doi.org/10.1089/10849780152389384
https://doi.org/10.1089/10849780152389384
https://doi.org/10.1089/10849780152389384
https://doi.org/10.1089/10849780152389384
https://www.ncbi.nlm.nih.gov/pubmed/12861134
https://www.ncbi.nlm.nih.gov/pubmed/12861134
https://www.ncbi.nlm.nih.gov/pubmed/12861134
https://www.ncbi.nlm.nih.gov/pubmed/12861134
http://dx.doi.org/10.1200/JCO.2004.09.016
http://dx.doi.org/10.1200/JCO.2004.09.016
http://dx.doi.org/10.1200/JCO.2004.09.016
http://dx.doi.org/10.1200/JCO.2004.09.016
https://www.ncbi.nlm.nih.gov/pubmed/10355096
https://www.ncbi.nlm.nih.gov/pubmed/10355096
https://www.ncbi.nlm.nih.gov/pubmed/10355096
https://www.ncbi.nlm.nih.gov/pubmed/10355096
http://dx.doi.org/10.2217/imt.10.100
http://dx.doi.org/10.2217/imt.10.100
http://dx.doi.org/10.2217/imt.10.100
http://dx.doi.org/10.2217/14796694.4.6.769
http://dx.doi.org/10.2217/14796694.4.6.769
http://dx.doi.org/10.2217/14796694.4.6.769
http://dx.doi.org/10.1200/JCO.2012.46.4057
http://dx.doi.org/10.1200/JCO.2012.46.4057
http://dx.doi.org/10.1200/JCO.2012.46.4057
http://dx.doi.org/10.1200/JCO.2012.46.4057
http://dx.doi.org/10.1007/s00262-014-1569-0
http://dx.doi.org/10.1007/s00262-014-1569-0


therapy in patients with epithelial ovarian cancer: relationship with
survival-a substudy of the MIMOSA trial. Cancer Immunol Immunother
63: 1037-1045.

50. Wagner U, Schlebusch H, Köhler S, Schmolling J, Grünn U, et al., (1997)
Immunological responses to the tumor-associated antigen CA125 in
patients with advanced ovarian cancer induced by the murine
monoclonal anti-idiotype vaccine ACA125. Hybridoma 16: 33-40.

51. Wagner U, Köhler S, Reinartz S, Giffels P, Huober J, et al. (2001)
Immunological consolidation of ovarian carcinoma recurrences with
monoclonal anti-idiotype antibody ACA125: immune responses and
survival in palliative treatment. See The biology behind: K. A. Foon and
M. Bhattacharya-Chatterjee, Are solid tumor anti-idiotype vaccines ready
for prime time? Clin. Cancer Res Clin Cancer Res 7: 1154-1162.

52. Marcos-Silva L, Ricardo S, Chen K, Blixt O, Arigi E, et al. (2015) A novel
monoclonal antibody to a defined peptide epitope in MUC16. 
Glycobiology 25: 1172-1182.

53. Dharma Rao T, Park KJ, Smith-Jones P, Iasonos A, Linkov I, et al. (2010)
Novel monoclonal antibodies against the proximal (carboxy-terminal)
portions of MUC16. Appl Immunohistochem Mol Morphol 18: 462-472.

54. Koneru M, O'Cearbhaill R, Pendharkar S, Spriggs DR, Brentjens RJ, et al.
(2015) A phase I clinical trial of adoptive T cell therapy using IL-12
secreting MUC-16(ecto) directed chimeric antigen receptors for
recurrent ovarian cancer. J Transl Med 13: 102.

55. Chekmasova AA, Rao TD, Nikhamin Y, Park KJ, Levine DA, et al. (2010)
Successful eradication of established peritoneal ovarian tumors in SCID-
Beige mice following adoptive transfer of T cells genetically targeted to
the MUC16 antigen. Clin Cancer Res 16: 3594-3606.

56. Gubbels JA, Belisle J, Onda M, Rancourt C, Migneault M, et al. (2006)
Mesothelin-MUC16 binding is a high affinity, N-glycan dependent
interaction that facilitates peritoneal metastasis of ovarian tumors. Mol
Cancer 5: 50.

57. Xiang X, Feng M, Felder M, Connor JP, Man YG, et al. (2011) HN125: A
Novel Immunoadhesin Targeting MUC16 with Potential for Cancer
Therapy.  J Cancer 2: 280-291.

58. Hassan R, Ebel W, Routhier EL, Patel R, Kline JB, et al. (2007) Preclinical
evaluation of MORAb-009, a chimeric antibody targeting tumor-
associated mesothelin. Cancer Immun 7: 20.

59. Liu JF, Moore KN, Birrer MJ, Berlin S, Matulonis UA, et al. (2016) Phase I
study of safety and pharmacokinetics of the anti-MUC16 antibody-drug

conjugate DMUC5754A in patients with platinum-resistant ovarian
cancer or unresectable pancreatic cancer. Ann Oncol 27: 2124-2130.

60. Gunjal Garg, Jesse Gibbs, Brian Belt, Matthew A Powell, David G Mutch,
et al. (2014) Novel treatment option for MUC16-positive malignancies
with the targeted TRAIL-based fusion protein Meso-TR3. BMC Cancer
14: 35.

61. Pillai K, Akhter J, Chua TC, Morris DL (2013) Anticancer Property of
Bromelain With Therapeutic Potential in Malignant Peritoneal
Mesothelioma. Cancer Investigation 31: 241-250.

62. Beuth J (2008) Proteolytic enzyme therapy in evidence-based
complementary oncology: fact or fiction? Integr Cancer Ther 7: 311-336.

63. Suparna Qanungo, Joachim D Uys, Yefim Manevich, Anne M Distler,
Brooke Shaner, et al. (2014) N-acetyl-L-cysteine sensitizes pancreatic
cancers to gemcitabine by targeting the NFkappaB pathway. Biomed
Pharmacother 68: 855-864.

64. Rushworth GF, Megson IL (2014) Existing and potential therapeutic uses
for N-acetylcysteine: the need for conversion to intracellular glutathione
for antioxidant benefits. Pharmacol Ther 141: 150-159.

65. Amini A, Masoumi-Moghaddam S, Ehteda A, Liauw W, Morris DL, et al.
(2015) Depletion of mucin in mucin-producing human gastrointestinal
carcinoma: Results from in vitro and in vivo studies with bromelain and
N-acetylcysteine. Oncotarget 6: 33329-33344.

66. Pillai K, Ehteda A, Akhter J, Chua TC, Morris DL, et al. (2014)
Anticancer effect of bromelain with and without cisplatin or 5-FU on
malignant peritoneal mesothelioma cells. Anticancer Drugs 25: 150-160.

67. Afshin Amini, Samar Masoumi-Moghaddam, Anahid Ehteda, David
Lawson Morris, et al. (2014) Bromelain and N-acetylcysteine inhibit
proliferation and survival of gastrointestinal cancer cells in vitro:
significance of combination therapy. J Exp Clin Cancer Res 33: 92.

68. Amini A, Ehteda A, Masoumi Moghaddam S, Akhter J, Pillai K, et al.
(2013) Cytotoxic effects of bromelain in human gastrointestinal
carcinoma cell lines (MKN45, KATO-III, HT29-5F12, and HT29-5M21).
Onco Targets Ther 6: 403-409.

69. Amini AS, Masoumi-Moghaddam, Morris DL (2016) Utility of Bromelain
and N-Acetylcysteine in Treatment of Peritoneal Dissemination of
Gastrointestinal Mucin-Producing Malignancies. Anticancer Research 36:
3224-3225.

 

Citation: Suh H, Valle S, Morris DL (2017) Targeting MUC16 in Cancer Therapy. Chemo Open Access 6: 235. doi:10.4172/2167-7700.1000235

Page 5 of 5

Chemo Open Access, an open access journal
ISSN:2167-7700

Volume 6 • Issue 2 • 1000235

http://dx.doi.org/10.1007/s00262-014-1569-0
http://dx.doi.org/10.1007/s00262-014-1569-0
http://dx.doi.org/10.1007/s00262-014-1569-0
http://dx.doi.org/10.1089/hyb.1997.16.33
http://dx.doi.org/10.1089/hyb.1997.16.33
http://dx.doi.org/10.1089/hyb.1997.16.33
http://dx.doi.org/10.1089/hyb.1997.16.33
http://clincancerres.aacrjournals.org/content/7/5/1154.article-info
http://clincancerres.aacrjournals.org/content/7/5/1154.article-info
http://clincancerres.aacrjournals.org/content/7/5/1154.article-info
http://clincancerres.aacrjournals.org/content/7/5/1154.article-info
http://clincancerres.aacrjournals.org/content/7/5/1154.article-info
http://clincancerres.aacrjournals.org/content/7/5/1154.article-info
http://dx.doi.org/10.1093/glycob/cwv056
http://dx.doi.org/10.1093/glycob/cwv056
http://dx.doi.org/10.1093/glycob/cwv056
http://dx.doi.org/10.1097/PAI.0b013e3181dbfcd2
http://dx.doi.org/10.1097/PAI.0b013e3181dbfcd2
http://dx.doi.org/10.1097/PAI.0b013e3181dbfcd2
http://dx.doi.org/10.1186/s12967-015-0460-x
http://dx.doi.org/10.1186/s12967-015-0460-x
http://dx.doi.org/10.1186/s12967-015-0460-x
http://dx.doi.org/10.1186/s12967-015-0460-x
http://dx.doi.org/10.1158/1078-0432.CCR-10-0192
http://dx.doi.org/10.1158/1078-0432.CCR-10-0192
http://dx.doi.org/10.1158/1078-0432.CCR-10-0192
http://dx.doi.org/10.1158/1078-0432.CCR-10-0192
http://dx.doi.org/10.1186/1476-4598-5-50
http://dx.doi.org/10.1186/1476-4598-5-50
http://dx.doi.org/10.1186/1476-4598-5-50
http://dx.doi.org/10.1186/1476-4598-5-50
http://dx.doi.org/10.7150/jca.2.280
http://dx.doi.org/10.7150/jca.2.280
http://dx.doi.org/10.7150/jca.2.280
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2935758/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2935758/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2935758/
http://dx.doi.org/10.1093/annonc/mdw401
http://dx.doi.org/10.1093/annonc/mdw401
http://dx.doi.org/10.1093/annonc/mdw401
http://dx.doi.org/10.1093/annonc/mdw401
http://dx.doi.org/10.1186/1471-2407-14-35
http://dx.doi.org/10.1186/1471-2407-14-35
http://dx.doi.org/10.1186/1471-2407-14-35
http://dx.doi.org/10.1186/1471-2407-14-35
http://dx.doi.org/10.3109/07357907.2013.784777
http://dx.doi.org/10.3109/07357907.2013.784777
http://dx.doi.org/10.3109/07357907.2013.784777
http://dx.doi.org/10.1177/1534735408327251
http://dx.doi.org/10.1177/1534735408327251
http://dx.doi.org/10.1016/j.biopha.2014.08.007
http://dx.doi.org/10.1016/j.biopha.2014.08.007
http://dx.doi.org/10.1016/j.biopha.2014.08.007
http://dx.doi.org/10.1016/j.biopha.2014.08.007
http://dx.doi.org/10.1016/j.pharmthera.2013.09.006
http://dx.doi.org/10.1016/j.pharmthera.2013.09.006
http://dx.doi.org/10.1016/j.pharmthera.2013.09.006
http://dx.doi.org/10.18632/oncotarget.5259
http://dx.doi.org/10.18632/oncotarget.5259
http://dx.doi.org/10.18632/oncotarget.5259
http://dx.doi.org/10.18632/oncotarget.5259
http://dx.doi.org/10.1097/CAD.0000000000000039
http://dx.doi.org/10.1097/CAD.0000000000000039
http://dx.doi.org/10.1097/CAD.0000000000000039
http://dx.doi.org/10.1186/s13046-014-0092-7
http://dx.doi.org/10.1186/s13046-014-0092-7
http://dx.doi.org/10.1186/s13046-014-0092-7
http://dx.doi.org/10.1186/s13046-014-0092-7
http://dx.doi.org/10.2147/OTT.S43072
http://dx.doi.org/10.2147/OTT.S43072
http://dx.doi.org/10.2147/OTT.S43072
http://dx.doi.org/10.2147/OTT.S43072
http://ar.iiarjournals.org/content/36/6/3224.5.long
http://ar.iiarjournals.org/content/36/6/3224.5.long
http://ar.iiarjournals.org/content/36/6/3224.5.long
http://ar.iiarjournals.org/content/36/6/3224.5.long

	Contents
	Targeting MUC16 in Cancer Therapy
	Abstract
	Keywords:
	Abbreviations
	Introduction
	Importance of MUC16 in Cancer
	Ovarian cancer
	Pancreatic cancer
	Breast cancer
	Lung cancer
	Bladder cancer
	Oral squamous cell carcinoma

	MUC16 as an Anti-Cancer Target
	Anti-MUC16 antibodies
	Adoptive immunotherapy
	Targeting interactions between MUC16 and downstream targets
	Antidrug conjugates
	Mucolytic agents

	Conclusion
	References


