
BAOJ Microbiology

Monoclonal Antibody in Quest of Cancer Therapeutics
Abdullah Farhan ul haque Saeed1* and Saima Ashraf Awan2

*1Key Laboratory of Biopesticide and Chemical Biology of Education Ministry, School of Life Sciences, Fujian Agriculture and Forestry University, 
Fuzhou-350002, China

2Fujian Agriculture and Forestry University, Fuzhou-350002, China

Abdullah Farhan ul haque Saeed, et al., BAOJ Microbio 2016 2: 2
2: 015

*Corresponding author: Abdullah Farhan ul haque Saeed, Key Labora-
tory of Biopesticide and Chemical Biology of Education Ministry, School 
of Life Sciences, Fujian Agriculture and Forestry University, Fuzhou-
350002, China, E-mail: abdullahfarhan@hotmail.com 

Sub Date:  July 15, 2016, Acc Date: August 4, 2016, Pub Date: August 
5, 2016. 

Citation: Abdullah Farhan ul haque Saeed and Saima Ashraf Awan 
(2016) Monoclonal Antibody in Quest of Cancer Therapeutics. BAOJ 
Microbio 2: 015.

Copyright: © 2016 Abdullah Farhan ul haque Saeed, et al. This is an open-
access article distributed under the terms of the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original author and source 
are credited.

BAOJ Microbio, an open access journal                                                                                                                                                           Volume 2; Issue 3; 015

Research Article

Abstract
Monoclonal antibodies (mAbs) have been an essential part of 
cancer therapy and one of the most vital approaches for current 
cancer treatment. These essential immune molecules function 
through on-target antigen specificity, complement or antibody 
dependent cell mediated cytotoxicity, structural and physiological 
modifications in host immune system towards the malignant cells 
and their effective removal from the human patients. The mAbs are 
of great scientific and practical significance being homogeneous 
and monospecific. Currently, more than 20 recombinant antibody 
drugs based on immune checkpoint antagonists, bi-specific 
antibody, and antibody drug conjugates have been approved for the 
successful cancer or malignant tumor treatment. The current study 
will help to understand the significance of mAbs and cytotoxic 
drugs against cancer or tumor related malignancies and to build 
better therapeutic strategies.
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Introduction 

The use of mAbs was first described by Köhler and Milstein in 1975. 
Since then, the understanding of remarkable potential of antibodies 
has been established, that began more than two centuries ago in 
comparison with polyclonal antibodies which were being used 
against infectious diseases for decades. The mAbs comprise two 
heavy (VH) and two light chains (VL) and are divided into many 
isotypes on the basis of the heavy chain they contain (Figure 1). 
Therapeutic mAbs are typically of the g-immuno- globulin (or 
IgG) isotype. The mAbs are being used to treat cancers, tumors and 
other related fatal diseases since 15 years. They are saving millions 
of lives each year; instead, there is still room for the improvement 
of these essential therapeutic drugs. Since the discovery of mAbs 
by Köhler and Milstein, it was broadly assumed that, these unique 
molecules would be perfect biological reagents for imaging and 
therapeutic just like the magical bullets fantasized by Paul Ehrlich 
at the beginning of the 20th century. The mAbs are selected on the 
basis of their high specificity, stability and their affinity to wide 
range of molecules and are useful for targeting the specific antigens 
and many kinds of other foreign reagents. They were used against 
many diseases extensively, but later on, their origin and production 
mechanisms revealed their murine nature which proved to be 
incompatible for the human immune system components, and 
subsequently are eliminated. The biological effectiveness of mAbs 

became strictly limited and lead to disappointment since the murine 
antibodies are not as good as human antibodies in the elicitation of 
human immune system and to destroy the malignant cells, bacteria 
and virus of interest [1-7]. Since their discovery, these invaluable 
unique biological entities were quickly applied in many areas of 
diagnostics and treatment in oncology, immunohistochemistry, 
flow cytometry and related molecular tools. They have the 
exceptional ability to bind with specific antigen epitopes due to 
their distinctive molecular structure to the molecules known as 
cluster of differentiation (CDs) [8,9]. 

Cancer is evolved by the incidence of tumor-promoting 
inflammation, escape from immune surveillance, favored by 
immunodeficiency and sustained immunosuppression. A study 
revealed association of 40% increased cancer risk with low natural 
toxicity of peripheral blood natural killer (NK) cells as compared 
to the individuals harboring high cytotoxicity activity. The tumor 
surveillance and novel immunotherapeutic success is supported by 
the finding of correlation of the decreased NK-cell activity in the 
patients which are diagnosed with familial melanoma [10-21]. The 
present study describes the applications of cytotoxic drugs, mAb-
based therapeutics and their mechanism against cancer/tumor 
therapy. 

Cytotoxic Drugs
The cytotoxic drugs are being used broadly under specific 
conditions for the treatment of hematological, solid malignant 
tumors and have no exposure limits. Consequently, they have 
changed the natural progress of the diseases considerably. Anti-
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neoplastic is the most common form of cytotoxic drugs in used. 
These drugs inhibit or prevent the cells physiology, rapid growth 
and division of the cells. They can influence the growth of other 
cells (hair follicles and digestive epithelial cell layer), damages 
normal cells during period of treatment and target cancer cells 
as chemotherapy administration. Recently, they have been used 
to treat various diseases such as psoriasis, rheumatoid, juvenile 
rheumatoid arthritis, and steroid-resistant muscle conditions. 
Their clinical efficacy is altered in terms of early cessation of 
treatment and increased risk of tumor relapse by on-target adverse 
events due to their elementary mode of action. Various anticancer 
drugs such as brentuximab vedotin and trastuzumab emtansine 
have greatly transformed the outlook for the technique of cancer 
therapy Numerous novel alternative approaches such as the 
conjugation of cytotoxic agents to humanized antibodies (also 
known as Antibody–drug conjugates, ADCs) have been established 
to improve the quality of cancer treatments. Several features such 
as the target antigen, antibody linker and cytotoxic payload must 
be considered, evaluated and thoroughly checked for the design 
and synthesis of ADC drug [22,23].

Therapeutic MAbs
The mAbs have significant influence on medical care for a number 
of diseases, including inflammatory diseases and cancers. These 
have been an essential part in basic research of immunology, 
pharmaceutics, medical sciences, biotechnology and cancer 
therapeutics due to high specificity/affinity for the target antigens 
and their removal by methods such as complement-dependent 
cytotoxicity (CDC) or antibody dependent cell-mediated 
cytotoxicity (ADCC). Various mAbs have been approved by 
United States Food and Drug Administration (US-FDA) (Table 
1). The antibodies impart therapeutic benefit to target antigens in 
the case of trastuzumab (Herceptin®), bevacizumab (Avastin®), and 
cetuximab (Erbitux®). However, tumor-specific mAbs are usually 
deprived of the therapeutic activity [24-27].

History and Success of Therapeutic MAbs

The mAbs are first generated in 1975 using the hybridoma 
technology by immunizing animal species against a specific 
antigen and fusion (by chemical- or virus-induced methods) of 
B-lymphocytes from spleen and immortal myeloma cell line. They 
are produced from single B-lymphocyte clone and bind to the same 
epitope. With the introduction of new therapeutic mAb products, 
the global mAb market has been elevated to compound annual 
growth rate (CAGR) of 5.3% to nearly $58 billion [2,28,29].

OKT3 was first antibody that was developed to prevent acute 
organ transplant rejections in recipients. It was generated from 
hybridoma technology and subsequently approved by US-FDA 
in 1986. The murine mAb induces human anti-mouse antibody 
(HAMA) response, toxicity, short half-life and reduced efficacy in 
the human patients. For that reason, various portions of murine 
antibody were replaced with human counterparts in 1980s or fully 
humanized antibodies have been generated in 1990s to reduce 
the immunogenicity of the murine antibody (chimerization and 
humanization) by recombinant DNA technology, phage display 
libraries [30-34] and transgenic mice [35-37].

The Fc function of antibodies is significant for CDC and ADCC 
mediated therapy to kill the malignant tumor cells that have been 
successfully applied in the clinic. The repeal of tumor cell signaling 
(cetuximab and trastuzumab), ADCC effector function (rituximab) 
and the T cell immune modulation (ipilimumab) have been most 
successful therapeutic approaches that led to the approval of 
antibodies [38-42].

Various therapeutic antibodies are currently being tested in 
numerous stages of clinical trials. The use of FDA-approved 
therapeutic antibodies in patients with solid tumors has been 
successfully treated with class of the ErbB family including EGFR 
and VEGF [43-48]. Colorectal cancer patients with wild-type KRas 
tumors have been effectively treated with anti-EGFR that showed 
enhanced responses, survival and disease control [49-51].

Advantages of MAbs

The success of mAb therapeutics began with the progress in genetic 
and molecular techniques to produce recombinant chimeric mouse-
human or humanized mAbs in parallel to naturally occurring human 
IgG [52]. These molecules are developed from single hybridoma 
clone which reacts with the same epitope on antigens and have 
widespread applications in targeting advanced tumor related 
diseases [53,54]. The therapeutic mAbs allow unlimited production 
of recombinant human IgG (or bispecific IgGs) with highly specific 
properties. They are not needed to be pure or characterized, thus, 
are not needed to produce large quantities of specific antibody. 
The mAbs are selected for specific epitope specificities to generate 
antibodies against extensive number of antigenic determinants. 
IgGs are naturally occurring globular immune proteins which are 
accepted as therapeutic agents by the host immune system. IgG 
binds with the molecular epitopes of target antigen and relates 
with effector arms of the immune system [55]. They have long half-
lives, modification capacity, on-target specificity, tumor associate 
binding, signal alterations, tumor angiogenesis blockade, effective 

Figure 1: Monoclonal antibody and its components.
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bio-distribution in circulatory systems, and prolonged anticancer 
responses. Clinical modifications such as Immunoconjugates 
including antibody-drug conjugates and radio immunoconjugates 
that can deliver toxic payload to the cancer cell are beneficial. 
Bifunctional antibodies and chimeric antigen receptor T cells 
retarget cellular immune system towards cancer cells by using 
specificity of the mAbs [56-58].

Mechanisms of Tumor Targeting Clinical Efficacy of MAbs
The mAbs are really efficient in tumor targeting which is the 
best immunotherapeutic strategy and have shown impressive 
responses against malignant tumors in cancer patients. They can 
specifically bind with the antigens, exerting anti-neoplastic effects 
to the transformed cells or neutralize trophic signals released by 
the tumor stroma, they also activate and play an essential role in 
effector or regulatory components of the immune system [59-64].

There are numerous mechanisms for the tumor targeting clinical 
efficacy of the mAbs immunotherapeutics: (i) the mAbs can inhibit 
the cancer cell-intrinsic signal transduction pathways which 

are important for the survival/proliferation (ii) they activate the 
pro-apoptotic receptors which are specifically expressed by the 
neoplastic cells i.e., tumor necrosis factor receptor super family, 
member 10B, TNFRSF10B, which are best known as TRAILR2 or 
DR5, (iii) Initiation of the innate response by selective opsonization 
of malignant cells which is based on ADCC, cellular phagocytosis, 
and CDC (Figure 2) [65-74], (iv) mAbs specific for tumor 
associated antigen (TAA) and T-cell marker recruit or activate T 
lymphocytes in the proximity of the cancer cells (v) the targeted 
delivery of toxins or radionuclides to neoplastic lesions (vi) trophic 
factor released by stromal or malignant components of the tumor 
mass are effectively and efficiently neutralized by the specific mAbs 
[75-83].

Conclusions
The mAbs have been extensively used for the treatment of cancer 
or tumor related diseases on the basis of tumor targeting antigen 
specificity, cell mediated cytotoxicity and immune modifications. 
Cytotoxic therapeutic drugs with mAb payload are efficient for 
the treatment of hematological and solid malignant tumors. They 

Tablel 1: FDA-approved monoclonal antibodies in oncology.

Scientific name Common 
name Origin and isotype Company Target FDA ap-

proval

Ranibizumab Lucentis humanized Fab Genentech Age-related macular degeneration 2006

Panitumumab Vectibix human IgG2κ Amgen Metastatic colorectal carcinoma 2006

Eculizumab Soliris humanized IgG2/4κ Alexion Paroxysmal nocturnal hemoglobinuria 2007

CertolizumabPegol Cimzia Peglated humanized Fab UCB, Inc Crohn’s disease,  rheumatoid arthritis 2008

Golimumab Simponi human IgG1κ CentocorOrtho 
Biotech

Rheumatoid and psoriatic arthritis and 
ankylosing spondylitis 2009

Canakinumab Ilaris human IgG1κ Novartis Cryopyrin-associated periodic syn-
dromes 2009

Ustekinumab Stelara Human IgG1κ Centocor Ortho 
Biotech Plaque psoriasis 2009

Catumaxomab Removab Murine/rat hybrid IgG TRION Pharma Malignant ascites 2009

Ofatumumab Arzerra Human IgG1κ Glaxo Grp Ltd Chronic lymphocytic leukemia 2010

Tocilizumab Actemra Humanized IgG1κ Roche/Chugai Rheumatoid arthritis 2010

Denosumab Prolia Human IgG2κ Amgen Malignant osteoporosis 2010

Edrecolomab Panorex Murine IgG2a Wellcome/Centocor Colon cancer

I131-TNT Cotara I131-chimeric IgG1 MediPharm Biotech Lung cancer

Nimotuzumab Theracim Humanized IgG1 CIM/CIMAB/YM 
Bioscience

Nasopharyngeal carcinomas,  head and 
neck tumors

trastuzumab Herceptin Humanized IgG1 Genentech Breast cancer 2010

Ipilimumab Yervoy Humanized IgG1 Bristol-Myers Metastatic melanoma 2011

Pertuzumab Perjeta Humanized IgG1 Genentech Breast cancer 2012

Cetuximab Erbitux Human/mouse IgG1 ImClone Colorectal, head and neck cancer 2012

Rituximab Rituxan Humanized IgG1 Genentech non-Hodgkin lymphoma, chronic lym-
phocytic leukemia 2012

Bevacizumab Avastin Humanized IgG1 Genentech
Epithelial ovarian, cervical, colorectal, 

breast and lung cancer,  renal cell carci-
noma andglioblastom

2014

https://en.wikipedia.org/wiki/Ipilimumab
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045135&version=Patient&language=English
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have no exposure limits that effect physiology, specific antigen 
binding, neutralization of trophic signals, and prevention/division 
of rapid growth of malignant tumor cells. The present study aims to 
extend the applications of mAbs into many exciting malignancies 
treatments with advanced antibody mediated cytotoxic techniques, 
ensuring a significant position for these powerful molecules at the 
forefront of research and cancer therapeutics.
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Figure 2: The mechanisms of tumor targeting clinical efficacy of the mAbs immunotherapeutics and cytotoxicity.

References
1. Köhler G, Milstein C (1975) Continuous cultures of fused cells secreting 

antibody of predefined specificity. Nature 256 (5517): 495-497.

2. Saeed AFUH, Awan SA (2016) Advances in Monoclonal Antibodies 
Production and Cancer Therapy. MOJ Immunol 3(4): 00099.

3. Ehrlich P (1906) Collected studies on immunity. 1st ed. J Wiley & 
sons.

4. Keller MA, Stiehm ER (2000) Passive immunity in prevention and 
treatment of infectious diseases. Clinical microbiology reviews 13(4): 
602-614.

5. Weiner GJ (2015) Building better monoclonal antibody-based 
therapeutics. Nature Reviews Cancer  15(6): 361-370.

6. Buss NA, Henderson SJ, McFarlane M, Shenton JM, de Haan L (2012) 
Monoclonal antibody therapeutics: history and future. Current 
opinion in pharmacology 12(5): 615-622.

7. Saloma CA, Concepcion GPP, Padlan EA (2008) Selected Essays on 
Science and Technology for Securing a Better Philippines. UP Press,. 
1.

8. Milstein C (1984) From the structure of antibodies to the diversification 
of the immune response. Nobel lecture, 8 December 1984. Bioscience 
reports 5: 275-297.

9. Bernard A, Boumsell L (1984) The clusters of differentiation (CD) 
defined by the First International Workshop on Human Leucocyte 
Differentiation Antigens. Hum. Immunol 11(1): 1-10.

10. Nowell PC (1976) The clonal evolution of tumor cell populaations. 
Science 194(4260): 23-28.

11. Hanahan D, Weinberg RA (2000) The hallmarks of cancer. Cell 100(1): 
57-70.

12. Roder JC, Haliotis T, Klein M, Korec S, Jett JR, et al. (1980) A new 
immunodeficiency disorder in humans involving NK cells. Nature 
284(5756): 553-555.

13. Sullivan JL, Byron KS, Brewster FE, Purtilo DT (1980) Deficient natural 
killer cell activity in x-linked lymphoproliferative syndrome. Science 
210(4469): 543-545.

http://www.nature.com/nature/journal/v256/n5517/abs/256495a0.html
http://www.nature.com/nature/journal/v256/n5517/abs/256495a0.html
http://medcraveonline.com/MOJI/MOJI-03-00099.pdf
http://medcraveonline.com/MOJI/MOJI-03-00099.pdf
https://openlibrary.org/books/OL6969803M/Collected_studies_on_immunity
https://openlibrary.org/books/OL6969803M/Collected_studies_on_immunity
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC88952/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC88952/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC88952/
http://www.ncbi.nlm.nih.gov/pubmed/25998715
http://www.ncbi.nlm.nih.gov/pubmed/25998715
http://www.sciencedirect.com/science/article/pii/S1471489212001488
http://www.sciencedirect.com/science/article/pii/S1471489212001488
http://www.sciencedirect.com/science/article/pii/S1471489212001488
http://www.uhpress.hawaii.edu/p-6076-9789715425926.aspx
http://www.uhpress.hawaii.edu/p-6076-9789715425926.aspx
http://www.uhpress.hawaii.edu/p-6076-9789715425926.aspx
http://www.nobelprize.org/nobel_prizes/medicine/laureates/1984/milstein-lecture.pdf
http://www.nobelprize.org/nobel_prizes/medicine/laureates/1984/milstein-lecture.pdf
http://www.nobelprize.org/nobel_prizes/medicine/laureates/1984/milstein-lecture.pdf
http://www.ncbi.nlm.nih.gov/pubmed/6434495
http://www.ncbi.nlm.nih.gov/pubmed/6434495
http://www.ncbi.nlm.nih.gov/pubmed/6434495
http://www.ncbi.nlm.nih.gov/pubmed/959840
http://www.ncbi.nlm.nih.gov/pubmed/959840
http://www.cell.com/abstract/S0092-8674(00)81683-9
http://www.cell.com/abstract/S0092-8674(00)81683-9
http://www.ncbi.nlm.nih.gov/pubmed/6445041
http://www.ncbi.nlm.nih.gov/pubmed/6445041
http://www.ncbi.nlm.nih.gov/pubmed/6445041
http://www.ncbi.nlm.nih.gov/pubmed/6158759
http://www.ncbi.nlm.nih.gov/pubmed/6158759
http://www.ncbi.nlm.nih.gov/pubmed/6158759


BAOJ Microbio, an open access journal                                                                                                                                                           Volume 2; Issue 2; 015

Page 5 of 7Citation: Abdullah Farhan ul haque Saeed and Saima Ashraf Awan (2016) Monoclonal Antibody in Quest of Cancer Therapeutics. 
BAOJ Microbio 2: 015.

14. Penn I (1977) Development of cancer as a complication of clinical 
transplantation. Transplant Proc 9(1): 1121-1127.

15. Corthay A (2014) Does the immune system naturally protect against 
cancer? . Front Immunol 5: 197.

16. Burnet FM (1970) The concept of immunological surveillance. Prog 
Exp Tumor Res 13: 1-27.

17. Engels EA, Pfeiffer RM, Fraumeni JF, Kasiske BL, Israni AK, et al. (2011) 
Spectrum of cancer risk among US solid organ transplant recipients. 
JAMA Intern Med 306(17): 1891-1901.

18. Imai K, Matsuyama S, Miyake S, Suga K, Nakachi K (2000) Natural 
cytotoxic activity of peripheral-blood lymphocytes and cancer 
incidence: an 11-year follow-up study of a general population. Lancet 
356(9244):  1795-1799.

19. Hersey P, Edwards A, Honeyman M, McCarthy WH (1979) Low natural-
killer-cell activity in familial melanoma patients and their relatives. Br 
J Cancer 40(1): 113-22.

20. Hodi FS, O’Day SJ, McDermott DF, Weber RW, Sosman JA, et al. 
(2010) Improved survival with ipilimumab in patients with metastatic 
melanoma. N Engl J Med 363(8): 711-723.

21. Wolchok JD, Kluger H, Callahan MK, Postow MA, Rizvi NA, et al. (2013) 
Nivolumab plus ipilimumab in advanced melanoma. N Engl J Med 
369(2): 122-133.

22. Garnock-Jones KP (2013) Brentuximab Vedotin: A Review of Its Use in 
Patients with Hodgkin Lymphoma and Systemic Anaplastic Large Cell 
Lymphoma Following Previous Treatment Failure. Drugs Aging 73(4): 
371-381.

23. Verma S, Miles D, Gianni L, Krop IE, Manfred Welslau M, et al. (2012) 
Trastuzumab Emtansine for HER2-Positive Advanced Breast Cancer. 
New England Journal of Medicine 367(19): 1783-1791.

24. Shuptrine CW, Surana R, Weiner LM (2012) Monoclonal antibodies for 
the treatment of cancer. Semin. Cancer Biol 22(1): 3-13.

25. Reichert JM, Rosensweig CJ, Faden LB, Dewitz MC (2005) Monoclonal 
antibody successes in the clinic. Nat Biotechnol 23: 1073-1038.

26. Kubota T, Niwa R, Satoh M, Akinaga S, Shitara K, et al. (2009) 
Engineered therapeutic antibodies with improved effector functions. 
Cancer Sci 100(9): 1566-1572.

27. Li K, Li J (2016) Current Molecular Targeted Therapy in Advanced 
Gastric Cancer: A Comprehensive Review of Therapeutic Mechanism, 
Clinical Trials, and Practical Application. Gastroenterology Research 
and Practice 4105615.

28. Little M, Kipriyanov SM, Le Gall F, Moldenhauer G (2000) Of mice and 
men: hybridoma and recombinant antibodies. Immunol Today 21(8): 
364-370.

29. Li F, Vijayasankaran N, Shen AY, Kiss R, Amanullah A (2010) Cell culture 
processes for monoclonal antibody production. mAbs 2(5): 466-479.

30. Morrison SL, Johnson MJ, Herzenberg LA, Oi VT (1984) Chimeric 
human antibody molecules: mouse antigen-binding domains with 
human constant region domains. Proc Natl Acad Sci USA 81(21): 
6851-6855.

31. Jones PT, Dear PH, Foote J, Neuberger MS, Winter G (1986) Replacing 
the complementarity-determining regions in a human antibody with 
those from a mouse. Nature 321(6069): 522-525.

32. Queen C, Schneider WP, Selick HE, Payne PW, Landolfi NF, et al. (1989) 
A humanized antibody that binds to the interleukin 2 receptor. Proc 
Natl Acad Sci USA 86(24): 10029-10033.

33. Clackson T, Hoogenboom HR, Griffiths AD, Winter G (1991) Making 
antibody fragments using phage display libraries. Nature 352(6336): 
624-628.

34. Papageorgiou L, Cuong NT, Vlachakis D (2016) Antibodies as stratagems 
against cancer. Mol. Biosyst 12(7): 2047-2055.

35. Taylor LD, Carmack CE, Schramm SR, Mashayekh R, Higgins KM, et 
al. (1992) A transgenic mouse that expresses a diversity of human 
sequence heavy and light chain immunoglobulins. Nucleic Acids 
Research 20(23): 6287-6295.

36. Lonberg N, Taylor LD, Harding FA, Trounstine M, Higgins KM, et al. 
(1994) Antigen-specific human antibodies from mice comprising four 
distinct genetic modifications. Nature 368(6474): 856-859.

37. Green LL, Hardy MC, Maynard-Currie CE, Tsuda H, Louie DM, et al. (1994) 
Antigen-specific human monoclonal antibodies from mice engineered 
with human Ig heavy and light chain YACs. Nat  Genet 7(1): 13-21.

38. Marvin JS, Zhu Z (2006) Bispecific antibodies for dual-modality cancer 
therapy: Killing two signaling cascades with one stone. Curr Opin 
Drug Discov Devel 9(2): 184-193.

39. Garrido MA, Valdayo MJ, Winkler DF, Titus JA, HechtTT, et al. (1990) 
Targeting human T-lymphocytes with bispecific antibodies to react 
against human ovarian carcinoma cells growing in nu/nu mice. Cancer 
Res 50(14): 4227-4232.

40. Baeuerle PA, Reinhardt C (2009) Bispecific T-cell engaging antibodies 
for cancer therapy. Cancer Res 69(12): 4941-4944.

41. Lu D, Jimenez X, Zhang H, Wu Y, Bohlen P, et al. (2001) Complete 
inhibition of vascular endothelial growth factor (VEGF) activities with 
a bifunctional diabody directed against both VEGF kinase receptors, 
fms-like tyrosine kinase receptor and kinase insert domain-containing 
receptor. Cancer Res 61(19): 7002-7008.

42. Suarez I, Salmeron-Garcia A, Cabeza J, Capitan-Vallvey LF, Navas N 
(2016) Development and use of specific ELISA methods for quantifying 
the biological activity of bevacizumab, cetuximab and trastuzumab in 
stability studies. J Chromatogr B Analyt Technol Biomed Life Sci pii 
S1570-0232(16): 30358-30360.

43. Van Cutsem E, Köhne CH, Hitre E, Zaluski J, Chang Chien CR, et 
al. (2009) Cetuximab and chemotherapy as initial treatment for 
metastatic colorectal cancer. N Engl J Med 360(14): 1408-1417.

44. Schliemann C, Neri D (2010) Antibody-based vascular tumor targeting. 
Recent Results Cancer Res 180: 201-216.

45. Pillay V, Gan HK, Scott AM (2011) Antibodies in oncology. N Biotechnol 
28(5): 518-529.

46. Divgi CR, Welt S, Kris M, Real FX, Yeh SD, et al. (1991) Phase I and 
imaging trial of indium 111-labeled anti-epidermal growth factor 
receptor monoclonal antibody 225 in patients with squamous cell 
lung carcinoma. J Natl Cancer Inst 83(2): 97-104.

47. Ellis LM, Hicklin DJ (2008) VEGF-targeted therapy: mechanisms of 
anti-tumor activity. Nat Rev  Cancer 8(8): 579-591.

48. Friedman HS, Prados MD, Wen PY, Mikkelsen T, Schiff D, et al. (2009) 
Bevacizumab alone and in combination with irinotecan in recurrent 
glioblastoma. J Clin Oncol 27(28): 4733-4740.

http://www.ncbi.nlm.nih.gov/pubmed/325738
http://www.ncbi.nlm.nih.gov/pubmed/325738
http://www.ncbi.nlm.nih.gov/pubmed/24860567
http://www.ncbi.nlm.nih.gov/pubmed/24860567
http://www.ncbi.nlm.nih.gov/pubmed/4921480
http://www.ncbi.nlm.nih.gov/pubmed/4921480
http://www.ncbi.nlm.nih.gov/pubmed/22045767
http://www.ncbi.nlm.nih.gov/pubmed/22045767
http://www.ncbi.nlm.nih.gov/pubmed/22045767
http://www.ncbi.nlm.nih.gov/pubmed/11117911
http://www.ncbi.nlm.nih.gov/pubmed/11117911
http://www.ncbi.nlm.nih.gov/pubmed/11117911
http://www.ncbi.nlm.nih.gov/pubmed/11117911
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2009943/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2009943/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2009943/
http://www.ncbi.nlm.nih.gov/pubmed/23494187
http://www.ncbi.nlm.nih.gov/pubmed/23494187
http://www.ncbi.nlm.nih.gov/pubmed/23494187
http://www.ncbi.nlm.nih.gov/pubmed/23494187
http://www.ncbi.nlm.nih.gov/pubmed/22245472
http://www.ncbi.nlm.nih.gov/pubmed/22245472
http://www.nature.com/nbt/journal/v23/n9/full/nbt0905-1073.html
http://www.nature.com/nbt/journal/v23/n9/full/nbt0905-1073.html
http://www.ncbi.nlm.nih.gov/pubmed/19538497
http://www.ncbi.nlm.nih.gov/pubmed/19538497
http://www.ncbi.nlm.nih.gov/pubmed/19538497
http://www.hindawi.com/journals/grp/2016/4105615/
http://www.hindawi.com/journals/grp/2016/4105615/
http://www.hindawi.com/journals/grp/2016/4105615/
http://www.hindawi.com/journals/grp/2016/4105615/
http://www.ncbi.nlm.nih.gov/pubmed/10916138
http://www.ncbi.nlm.nih.gov/pubmed/10916138
http://www.ncbi.nlm.nih.gov/pubmed/10916138
http://www.ncbi.nlm.nih.gov/pubmed/20622510
http://www.ncbi.nlm.nih.gov/pubmed/20622510
http://www.ncbi.nlm.nih.gov/pubmed/6436822
http://www.ncbi.nlm.nih.gov/pubmed/6436822
http://www.ncbi.nlm.nih.gov/pubmed/6436822
http://www.ncbi.nlm.nih.gov/pubmed/6436822
http://www.ncbi.nlm.nih.gov/pubmed/3713831
http://www.ncbi.nlm.nih.gov/pubmed/3713831
http://www.ncbi.nlm.nih.gov/pubmed/3713831
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC298637/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC298637/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC298637/
http://www.ncbi.nlm.nih.gov/pubmed/1907718
http://www.ncbi.nlm.nih.gov/pubmed/1907718
http://www.ncbi.nlm.nih.gov/pubmed/1907718
http://www.ncbi.nlm.nih.gov/pubmed/26738941
http://www.ncbi.nlm.nih.gov/pubmed/26738941
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC334518/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC334518/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC334518/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC334518/
http://www.ncbi.nlm.nih.gov/pubmed/8159246
http://www.ncbi.nlm.nih.gov/pubmed/8159246
http://www.ncbi.nlm.nih.gov/pubmed/8159246
http://www.ncbi.nlm.nih.gov/pubmed/8075633
http://www.ncbi.nlm.nih.gov/pubmed/8075633
http://www.ncbi.nlm.nih.gov/pubmed/8075633
http://www.ncbi.nlm.nih.gov/pubmed/16566289
http://www.ncbi.nlm.nih.gov/pubmed/16566289
http://www.ncbi.nlm.nih.gov/pubmed/16566289
http://www.ncbi.nlm.nih.gov/pubmed/2142014
http://www.ncbi.nlm.nih.gov/pubmed/2142014
http://www.ncbi.nlm.nih.gov/pubmed/2142014
http://www.ncbi.nlm.nih.gov/pubmed/2142014
http://www.ncbi.nlm.nih.gov/pubmed/19509221
http://www.ncbi.nlm.nih.gov/pubmed/19509221
http://www.ncbi.nlm.nih.gov/pubmed/11585724
http://www.ncbi.nlm.nih.gov/pubmed/11585724
http://www.ncbi.nlm.nih.gov/pubmed/11585724
http://www.ncbi.nlm.nih.gov/pubmed/11585724
http://www.ncbi.nlm.nih.gov/pubmed/11585724
http://www.ncbi.nlm.nih.gov/pubmed/27296731
http://www.ncbi.nlm.nih.gov/pubmed/27296731
http://www.ncbi.nlm.nih.gov/pubmed/27296731
http://www.ncbi.nlm.nih.gov/pubmed/27296731
http://www.ncbi.nlm.nih.gov/pubmed/27296731
http://www.ncbi.nlm.nih.gov/pubmed/19339720
http://www.ncbi.nlm.nih.gov/pubmed/19339720
http://www.ncbi.nlm.nih.gov/pubmed/19339720
http://www.ncbi.nlm.nih.gov/pubmed/20033385
http://www.ncbi.nlm.nih.gov/pubmed/20033385
http://www.ncbi.nlm.nih.gov/pubmed/21473941
http://www.ncbi.nlm.nih.gov/pubmed/21473941
http://www.ncbi.nlm.nih.gov/pubmed/1988695
http://www.ncbi.nlm.nih.gov/pubmed/1988695
http://www.ncbi.nlm.nih.gov/pubmed/1988695
http://www.ncbi.nlm.nih.gov/pubmed/1988695
http://www.ncbi.nlm.nih.gov/pubmed/18596824
http://www.ncbi.nlm.nih.gov/pubmed/18596824
http://www.ncbi.nlm.nih.gov/pubmed/19720927
http://www.ncbi.nlm.nih.gov/pubmed/19720927
http://www.ncbi.nlm.nih.gov/pubmed/19720927


BAOJ Microbio, an open access journal                                                                                                                                                           Volume 2; Issue 2; 015

Page 6 of 7Citation: Abdullah Farhan ul haque Saeed and Saima Ashraf Awan (2016) Monoclonal Antibody in Quest of Cancer Therapeutics. 
BAOJ Microbio 2: 015.

49. Amado RG, Wolf M, Peeters M, Van Cutsem E, Siena S, et al. (2008) 
Wild-type KRAS is required for panitumumab efficacy in patients with 
metastatic colorectal cancer. J Clin Oncol 26(10): 1626-1634.

50. Karapetis CS, Khambata-Ford S, Jonker DJ, O’Callaghan CJ, Tu D, et 
al. (2008) K-ras mutations and benefit from cetuximab in advanced 
colorectal cancer. N Engl J Med 359(17): 1757-1765.

51. Lievre A, Bachet JB, Boige V, Cayre A, Le Corre D, et al. (2008) KRAS 
mutations as an independent prognostic factor in patients with 
advanced colorectal cancer treated with cetuximab. J Clin Oncol 
26(3): 374-379.

52. Van Slyke G, Sully EK, Bohorova N, Bohorov O, Kim D,et al. (2016) A 
Humanized Monoclonal Antibody that Passively Protects Mice against 
Systemic and Intranasal Ricin Toxin Challenge. Clin Vaccine Immunol 
pii CVI.00088-16.

53. Tapaneeyakorn S, Chantima W, Thepthai C, Dharakul T (2016) Produc-
tion, characterization, and in vitro effects of a novel monoclonal anti-
body against Mig-7. Biochem Biophys Res Commun 475(2): 149-153.

54. Dany M, Nganga R, Chidiac A, Hanna E, Matar S, et al. (2016) 
Advances in immunotherapy for melanoma management. Hum 
Vaccin Immunother: 1-11.

55. Thakur A, Lum LG (2016) NextGen” Biologics: Bispecific Antibodies 
and Emerging Clinical Results. Expert Opin Biol Ther 16(5): 675-688.

56. LoBuglio AF, Wheeler RH, Trang J, Haynes A, Rogers K, et al. (1989) 
Mouse/human chimeric monoclonal antibody in man: kinetics and 
immune response. Proceedings of the National Academy of Sciences 
of the United States of America. 86(11): 4220-4224.

57. Maloney DG, Grillo-López AJ, White CA, Bodkin D, Schilder RJ, et 
al. (1997) Idec-C2b8 (Rituximab) Anti-CD20 Monoclonal Antibody 
Therapy Patients with Relapsed Low-Grade Non-Hodgkins Lymphoma 
(the first clinical trial demonstrating the clear clinical efficacy of a 
chimeric human/murine monoclonal antibody). Blood 90: 2188-
2195.

58. Weiner GJ (2015) Anti-Lymphoma Monoclonal Antibodies: Making 
Better Antibodies and Making Antibodies Better. Trans Am Clin 
Climatol Assoc 126: 87-92.

59. Alkan SS (2004) Monoclonal antibodies: the story of a discovery that 
revolutionized science and medicine. Nat Rev Immunol 4(2): 153-156.

60. Weiner LM, Surana R, Wang S (2010) Monoclonal antibodies: versatile 
platforms for cancer immunotherapy. Nat Rev Immunol 10(5): 317-
327.

61. Aranda F, Vacchelli E, Eggermont A, Galon J, Fridman WH, et al. (2014) 
Trial watch: immunostimulatory monoclonal antibodies in cancer 
therapy. Oncoimmunology 3(1): e27297.

62. Galluzzi L, Kroemer G, Eggermont A (2014) Novel immune checkpoint 
blocker approved for the treatment of advanced melanoma. 
Oncoimmunology 3(11): e967147.

63. Vacchelli E, Eggermont A, Galon J, Sautes-Fridman C, Zitvogel L, et 
al. (2013) Trial watch: monoclonal antibodies in cancer therapy. 
Oncoimmunology 2(1): e22789.

64. Vacchelli E, Aranda F, Eggermont A, Galon J, Sautes-Fridman C, et al. 
(2014) Trial watch: tumor-targeting monoclonal antibodies in cancer 
therapy. Oncoimmunology 3(1): e27048.

65. Weiner LM, Belldegrun AS, Crawford J, Tolcher AW, Lockbaum P, et 
al. (2008) Dose and schedule study of panitumumab monotherapy 
in patients with advanced solid malignancies. Clin Cancer Res  14(2): 
502-508.

66. Ming Lim C, Stephenson R, Salazar AM, Ferris RL (2013) TLR3 agonists 
improve the immunostimulatory potential of cetuximab against EGFR 
head and neck cancer cells. Oncoimmunology 2(6): e24677.

67. Kaplan-Lefko PJ, Graves JD, Zoog SJ, Pan Y, Wall J, et al. (2010) 
Conatumumab, a fully human agonist antibody to death receptor 
5, induces apoptosis via caspase activation in multiple tumor types. 
Cancer Biol Ther 9(8): 618-631.

68. Nimmerjahn F, Ravetch JV (2006) Fc gamma receptors: old friends and 
new family members. Immunity 24(1): 19-28.

69. Hubert P, Amigorena S (2012) Antibody-dependent cell cytotoxicity 
in monoclonal antibody-mediated tumor immunotherapy. 
Oncoimmunology 1(1): 103-105.

70. Houot R, Kohrt H, Levy R. (2012) Boosting antibody dependent cellular 
cytotoxicity against tumor cells with a CD137 stimulatory antibody. 
Oncoimmunology 1(6): 957-958.

71. Winiarska M, Glodkowska-Mrowka E, Bil J, Golab J (2011) Molecular 
mechanisms of the antitumor effects of anti-CD20 antibodies. Front 
Biosci 16: 277-306.

72. Dunkelberger JR, Song WC (2010) Complement and its role in innate 
and adaptive immune responses. Cell Res 20(1): 34-50.

73. Zipfel PF, Skerka C (2009) Complement regulators and inhibitory 
proteins. Nat Rev Immunol 9(10): 729-740.

74. Wang Y, Sanchez L, Siegel DS, Wang ML (2016) Elotuzumab for the 
treatment of multiple myeloma. Journal of Hematology & Oncology 
9: 55.

75. Seimetz D (2011) Novel monoclonal antibodies for cancer treatment: 
the trifunctional antibody catumaxomab (removab). J Cancer 2: 309-
316.

76. Armeanu-Ebinger S, Hoh A, Wenz J, Fuchs J (2013) Targeting EpCAM 
(CD326) for immunotherapy in hepatoblastoma. Oncoimmunology 
2(1): e22620.

77. Witzig TE, Gordon LI, Cabanillas F, Czuczman MS, Emmanouilides 
C, et al. (2002) Randomized controlled trial of yttrium-90-labeled 
ibritumomab tiuxetan radioimmunotherapy versus rituximab 
immunotherapy for patients with relapsed or refractory low-grade, 
follicular, or transformed B-cell non- Hodgkin’s lymphoma. J Clin 
Oncol 20(10): 2453-2463.

78. Kaminski MS, Estes J, Zasadny KR, Francis IR, Ross CW, et al. (2000) 
Radioimmunotherapy with iodine (131)I to situmomab for relapsed 
or refractory B-cell non-Hodgkin lymphoma: updated results and 
long-term follow-up of the University of Michigan experience. Blood 
96(4): 1259-1266.

79. Hughes B (2010) Antibody-drug conjugates for cancer: poised to 
deliver? Nat Rev Drug Discov 9: 665-667.

80. Leal M, Sapra P, Hurvitz SA, Senter P, Wahl A, et al. (2014) Antibody-
drug conjugates: an emerging modality for the treatment of cancer. 
Ann N Y Acad Sci 1321: 41-54.

http://www.ncbi.nlm.nih.gov/pubmed/18316791
http://www.ncbi.nlm.nih.gov/pubmed/18316791
http://www.ncbi.nlm.nih.gov/pubmed/18316791
http://www.ncbi.nlm.nih.gov/pubmed/18946061
http://www.ncbi.nlm.nih.gov/pubmed/18946061
http://www.ncbi.nlm.nih.gov/pubmed/18946061
http://www.ncbi.nlm.nih.gov/pubmed/18202412
http://www.ncbi.nlm.nih.gov/pubmed/18202412
http://www.ncbi.nlm.nih.gov/pubmed/18202412
http://www.ncbi.nlm.nih.gov/pubmed/18202412
http://www.ncbi.nlm.nih.gov/pubmed/27466351
http://www.ncbi.nlm.nih.gov/pubmed/27466351
http://www.ncbi.nlm.nih.gov/pubmed/27466351
http://www.ncbi.nlm.nih.gov/pubmed/27466351
http://www.ncbi.nlm.nih.gov/pubmed/27181359
http://www.ncbi.nlm.nih.gov/pubmed/27181359
http://www.ncbi.nlm.nih.gov/pubmed/27181359
http://www.tandfonline.com/doi/abs/10.1080/21645515.2016.1190889?journalCode=khvi20
http://www.tandfonline.com/doi/abs/10.1080/21645515.2016.1190889?journalCode=khvi20
http://www.tandfonline.com/doi/abs/10.1080/21645515.2016.1190889?journalCode=khvi20
http://www.ncbi.nlm.nih.gov/pubmed/26848610
http://www.ncbi.nlm.nih.gov/pubmed/26848610
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC287422/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC287422/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC287422/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC287422/
http://www.bloodjournal.org/content/90/6/2188?sso-checked=true
http://www.bloodjournal.org/content/90/6/2188?sso-checked=true
http://www.bloodjournal.org/content/90/6/2188?sso-checked=true
http://www.bloodjournal.org/content/90/6/2188?sso-checked=true
http://www.bloodjournal.org/content/90/6/2188?sso-checked=true
http://www.bloodjournal.org/content/90/6/2188?sso-checked=true
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4530715/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4530715/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4530715/
http://www.nature.com/nri/journal/v4/n2/full/nri1265.html
http://www.nature.com/nri/journal/v4/n2/full/nri1265.html
http://www.ncbi.nlm.nih.gov/pubmed/20414205
http://www.ncbi.nlm.nih.gov/pubmed/20414205
http://www.ncbi.nlm.nih.gov/pubmed/20414205
http://www.ncbi.nlm.nih.gov/pubmed/24701370
http://www.ncbi.nlm.nih.gov/pubmed/24701370
http://www.ncbi.nlm.nih.gov/pubmed/24701370
http://www.tandfonline.com/doi/full/10.4161/21624011.2014.967147
http://www.tandfonline.com/doi/full/10.4161/21624011.2014.967147
http://www.tandfonline.com/doi/full/10.4161/21624011.2014.967147
http://www.ncbi.nlm.nih.gov/pubmed/23482847
http://www.ncbi.nlm.nih.gov/pubmed/23482847
http://www.ncbi.nlm.nih.gov/pubmed/23482847
http://www.ncbi.nlm.nih.gov/pubmed/24605265
http://www.ncbi.nlm.nih.gov/pubmed/24605265
http://www.ncbi.nlm.nih.gov/pubmed/24605265
http://www.ncbi.nlm.nih.gov/pubmed/18223225
http://www.ncbi.nlm.nih.gov/pubmed/18223225
http://www.ncbi.nlm.nih.gov/pubmed/18223225
http://www.ncbi.nlm.nih.gov/pubmed/18223225
http://www.ncbi.nlm.nih.gov/pubmed/23894722
http://www.ncbi.nlm.nih.gov/pubmed/23894722
http://www.ncbi.nlm.nih.gov/pubmed/23894722
http://www.ncbi.nlm.nih.gov/pubmed/20150762
http://www.ncbi.nlm.nih.gov/pubmed/20150762
http://www.ncbi.nlm.nih.gov/pubmed/20150762
http://www.ncbi.nlm.nih.gov/pubmed/20150762
http://www.ncbi.nlm.nih.gov/pubmed/16413920
http://www.ncbi.nlm.nih.gov/pubmed/16413920
http://www.ncbi.nlm.nih.gov/pubmed/22720225
http://www.ncbi.nlm.nih.gov/pubmed/22720225
http://www.ncbi.nlm.nih.gov/pubmed/22720225
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3489758/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3489758/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3489758/
http://www.ncbi.nlm.nih.gov/pubmed/21196171
http://www.ncbi.nlm.nih.gov/pubmed/21196171
http://www.ncbi.nlm.nih.gov/pubmed/21196171
http://www.ncbi.nlm.nih.gov/pubmed/20010915
http://www.ncbi.nlm.nih.gov/pubmed/20010915
http://www.ncbi.nlm.nih.gov/pubmed/19730437
http://www.ncbi.nlm.nih.gov/pubmed/19730437
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4946088/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4946088/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4946088/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3119393/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3119393/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3119393/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3583930/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3583930/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3583930/
http://www.ncbi.nlm.nih.gov/pubmed/12011122
http://www.ncbi.nlm.nih.gov/pubmed/12011122
http://www.ncbi.nlm.nih.gov/pubmed/12011122
http://www.ncbi.nlm.nih.gov/pubmed/12011122
http://www.ncbi.nlm.nih.gov/pubmed/12011122
http://www.ncbi.nlm.nih.gov/pubmed/12011122
http://www.ncbi.nlm.nih.gov/pubmed/10942366
http://www.ncbi.nlm.nih.gov/pubmed/10942366
http://www.ncbi.nlm.nih.gov/pubmed/10942366
http://www.ncbi.nlm.nih.gov/pubmed/10942366
http://www.ncbi.nlm.nih.gov/pubmed/10942366
http://www.nature.com/nrd/journal/v9/n9/full/nrd3270.html
http://www.nature.com/nrd/journal/v9/n9/full/nrd3270.html
http://www.ncbi.nlm.nih.gov/pubmed/25123209
http://www.ncbi.nlm.nih.gov/pubmed/25123209
http://www.ncbi.nlm.nih.gov/pubmed/25123209


BAOJ Microbio, an open access journal                                                                                                                                                           Volume 2; Issue 2; 015

Page 7 of 7Citation: Abdullah Farhan ul haque Saeed and Saima Ashraf Awan (2016) Monoclonal Antibody in Quest of Cancer Therapeutics. 
BAOJ Microbio 2: 015.

81. Ferrara N, Hillan KJ, Gerber HP, Novotny W (2004) Discovery and 
development of bevacizumab, an anti-VEGF antibody for treating 
cancer. Nat Rev Drug Discov 3(5): 391-400.

82. Michielsen AJ, Ryan EJ, O’Sullivan JN (2012) Dendritic cell inhibition 
correlates with survival of colorectal cancer patients on bevacizumab 
treatment. Oncoimmunology 1(8): 1445-1447.

83. Kirschner A, Thiede M, Blaeschke F, Richter GH, Gerke JS, et al. (2016) 
Lysosome-associated membrane glycoprotein 1 predicts fratricide 
amongst T cell receptor transgenic CD8+ T cells directed against 
tumor-associated antigens. Oncotarget 5.

http://www.nature.com/nrd/journal/v3/n5/abs/nrd1381.html
http://www.nature.com/nrd/journal/v3/n5/abs/nrd1381.html
http://www.nature.com/nrd/journal/v3/n5/abs/nrd1381.html
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3518533/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3518533/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3518533/
http://www.ncbi.nlm.nih.gov/pubmed/27447745
http://www.ncbi.nlm.nih.gov/pubmed/27447745
http://www.ncbi.nlm.nih.gov/pubmed/27447745
http://www.ncbi.nlm.nih.gov/pubmed/27447745

