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ABSTRACT

The family of therapeutic glycoproteins contains many members. Some of them have become 
valuable therapeutic agents in saving the countless number of human lives from some of the 
most dreadful diseases. They are increasingly taking a center stage among biotherapeutics. The 
technologies of glycoengineering are making a further impact by modifying the glycan moi-
eties, which make them biologically more active and increase their effectiveness and pharma-
cokinetics, etc. Human Chorionic Gonadotropin (hCG) has been used in reproductive medicine 
for the last several decades. The paradigm shift on the hCG actions has created additional thera-
peutic opportunities against many menacing and dangerous diseases that are no less important 
than the ones treated by some of the prominent members of the therapeutic glycoproteins fam-
ily. However, to the best of the authors’ knowledge, hCG has never been included in this family 
or tapped the potential of glycoengineering to make hCG even more therapeutically effective 
than the currently used preparations. It is time to include hCG in the family and begin glycoen-
gineering on recombinant hormone.

KEYWORDS: Human Chorionic Gonadotropin (hCG); Glycoproteins; Biotherapeutics; Glyco-
sylation.

ABBREVIATIONS: hCG: Human Chorionic Gonadotropin; LH: Luteinizing Hormone; EPO: 
Erythropoietin; IFNs: Interferons; mAbs: monoclonal antibodies; tPA: tissue plasminogen ac-
tivator.

HUMAN CHORIONIC GONADOTROPIN

HCG is the hallmark hormone of pregnancy.1 It belongs to the families of glycoprotein hor-
mones and cystine knot growth factors.2,3 The glycoprotein hormone family also includes lu-
teinizing hormone (LH), follicle stimulating hormone and thyroid stimulating hormone.2 They 
all are heterodimers, consisting of dissimilar, non-covalently bound α and β-subunits.2 While 
α subunits are similar, encoded by the same gene, the β-subunits are dissimilar, encoded by 
different genes.2 The β-subunit of hCG is encoded by a cluster of six-genes, some of which are 
pseudogenes.2 Among the glycoprotein hormones, hCG and LH are not only structurally and 
conformationally similar, but also bind and activate the same cell surface G-protein coupled 
receptors.1,2 The cystine knot growth factors family also includes nerve growth factor, trans-
forming growth factor-β2, fibroblast growth factor-β and platelet derived growth factor.3 Even 
though the family members are structurally unrelated, they share a seat-belt conformation and 
mediate the pleiotropic actions through binding and activation of the distinct receptors in many 
different cell systems in the body.

EVOLUTIONARY ASPECTS OF hCG

The genes of hCG β-subunit are evolved from LH β-subunit gene through duplication and 
mutations, which result in the extension of the c-terminus by about 30 amino acids.2 The ex-
tended part contains additional glycosylation sites.2 Glycosylation increases the circulatory 
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half-life, but it could also have other effects. These hCG features 
may have aided in the evolution of treetop dwelling primates 
to protect their pregnancies against all the odds.4 The receptors 
and signaling systems must have co-evolved to enable the sys-
tem operational.4 Once evolved, the system continued to exist 
through the present day sub-human primates and humans. It is 
likely that the hCG evolution may still be continuing. The above 
presumptive reasoning may explain why hCG has evolved in 
sub human primates and humans, when they already have a 
functional homolog LH.

GLYCOSYLATION OF hCG

Glycosylation is a post-translational modification of hCG.5 It oc-
curs during the translation and processing of hCG subunits in the 
rough endoplasmic reticulum and Golgi apparatus, by the cata-
lytic action of glycosyl transferases.5 The process involves the 
addition of a series of linearly linked and/or branched monosac-
charaides.6 The carbohydrate content accounts for about 30% to 
35% of the molecular mass of hCG.2,5 This amount increases in 
its hyperglycosylated form, which seems to be present primarily 
in complicated pregnancies and in trophoblast malignancies.7,8

	
	 Carbohydrate chains are covalently linked to the pro-
tein backbone, either as N-linked at asparagine residues or O-
linked units at serine residues.2,5-7 While α-subunit has 2 N-linked 
chains, β-subunit has 2 N-linked and 4 O-linked chains.2,5-7 The 
Glycosylation differences make hCG a very heterogeneous mol-
ecule.5

	
	 Carbohydrates are not required for the receptor binding 
of hCG.2,5,9 However, they are required for the expression of its 

functions.2,5,9 The latter comes from its increased survival in the 
circulation as well as its ability to activate the second messen-
gers’ generation at the cell surface.2,5,9 The removal of carbohy-
drates increases the receptor binding, but at the same time elimi-
nates hormonal activity of the hCG.2,5,9 Deglycosylated hCG is 
an antagonist of glycosylated hCG, because deglycosylated mol-
ecule binds receptors, blocking the binding and an activation of 
the post-receptor signal generation by glycosylated hormone.2,5,9

PARADIGM SHIFT ON THE hCG ACTIONS

The only role that hCG was thought to have until about 30 years 
ago, is the stimulation of corpus luteum secretion of progester-
one until about 9th week to maintain pregnancy. Paradoxically, 
hCG is present throughout pregnancy, albeit at much reduced 
levels, after the peak levels have been reached at about the 9th 
week.1 While the role of hCG in corpus luteum secretion of pro-
gesterone during early pregnancy is irrefutable, the old paradigm 
that believes in hCG having no other functions is not.1 This is 
because that there is an incontrovertible evidence for hCG play-
ing multiple roles throughout pregnancy.1,10

	
	 The hCG actions in non-gonadal tissues can be classi-
fied into those that initiate pregnancy, those that favor pregnancy 
maintenance and finally those that are permissive for the evo-
lution of labor at the end of pregnancy.1,10,11 These include im-
munologic tolerance of fetus, behavioral, urodynamic and other 
changes during pregnancy.10,11 Instead of showing all the tissues 
that hCG can regulate, which can be found in the references list-
ed in Table 1, only the relevant tissues to the therapeutic indica-
tions are shown.

Table1: Therapeutic opportunities with hCG.1

Indication Tissue Key actions References

Breast cancer2 Breast epithelial cells
Increase cell differentiation
Decrease cell proliferation

Decrease metastasis
12,13

Chronic pain3 Central nervous system
Neuroplasticity effects

Presumed desensitization of central pathways through 
genetic and non-genetic mechanisms

10,14

HIV/AIDS Cells of immune system Release of anti viral cytokine
Direct anti-viral effects 15,16

Overactive bladder Detrusor muscle Inhibition of contractions 17

Painful bladder/interstitial cystitis Urothelium Repair and/or replace the damaged urothelial cells 18

Pre-term birth4 Myometrial smooth muscle Inhibition of contractions 19

Rheumatoid arthritis, Sjogren’s Syndrome 
and the other autoimmune diseases that 

ameliorate during pregnancy.5

Cells of immune system Direct effects on the cells of immune system
Modulation of  theircytokine secretion 20

Tubal infection with Nesisseria  
Gonorrhoeae Tubal epithelial cells Inhibition of molecular mimicry mechanism used by the 

pathogen 21

1May also include therapies for injury and inflammation of other target tissues including, central and peripheral nervous systems.
2Includes decreasing the breast cancer risk in young women, who plan to delay their first childbirth.
3Includes chronic pain due to many different conditions.
4May also include several other pregnancy complications.
5Lupus erythematosus; type 1 diabetes; ankylosing spondylitis; multiple sclerosis; thyroiditis; Crohn disease; Hepatitis.
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Multiple Exciting New Therapeutic Opportunities with hCG

The studies on non-gonadal actions of hCG have yielded greater 
number of therapeutic opportunities than those on the gonadal 
actions. These opportunities may seem far-fetched, but they are 
not, as amply discussed in the references cited in Table 1. The ta-
ble shows the list along with the relevant tissues and key actions. 
Instead of reiterating the details, which are a part of articles cited 
in the table, general discussion that applies to all of the therapies 
has been provided. Admittedly, there are still many lacunae and 
these knowledge gaps can only be filled by further research.

	 Many of the illnesses in Table 1 can be fatal. All of 
them can have long-lasting troublesome effects, debilitating, 
come with chronic pain and suffering, sleep deprivation, depres-
sion, anxiety, social isolation and stigma, loss of sexual intima-
cy, productivity in the work place, job and health insurance, etc. 
The family members and friends of affected individuals often 
face emotional problems and economic setbacks. The cost to the 
U.S. economy alone runs into millions to billions of health care 
dollars per year. 

	 There are current therapies for these illnesses, but they 
are not either effective or come with severe side effects. Many 
are quite expensive and a few have a low tolerability. There is 
clearly an unmet need for the cost effective and safer therapies. 
hCG therapy could be one of them and it will be relatively safe 
and cost effective. Judging from anecdotal evidence, studies 
on animal models, cells and tissues and on human subjects in 
some cases, hCG therapy is likely to work for these diseases. 
To realize this promise, randomized, double-blinded, placebo 
controlled clinical trials have to be performed with optimal hCG 
doses, route and frequency of administration and an appropriate 
selection of the patients. These may vary with the disease.

	 The cost of clinical trials can exceed 50 to 100 million 
dollars. The cost comes with an expectation that the trials show 
benefits. From the evidence that hCG treatments are likely to 
work, financial rewards can outweigh the financial risks.

	 The hCG therapies will have a minor to tolerable side 
effects as compared with many of the current therapies. The 
effectiveness can be further enhanced by newer technologies, 
which do exist and can be made to work for hCG. The important 
one will be making “hCG Pills”, using the procedures that are 
being employed for developing insulin pills.12 This technology 
permits encapsulating hCG in spheres of neutral lipid molecules, 
that insulates hCG from destruction by stomach acids. The avail-
ability of pill will have a huge impact on the hCG use even in the 
remote areas of the world.

	 Orally active LH agonists, that can induce ovulation, 
are already available.13,14 However, it is not known whether they 
will be comparable to hCG pills. In support of the possibility 
that they could be different are the findings that showed LH and 
hCG are not completely functionally equivalent and they may 
not activate the same genes or to the same extent.15 Thus, the 

therapeutic benefits that hCG pills offer may not necessarily be 
the same as oral LH agonists.

	 The effectiveness of hCG can also be increased by well 
planned combination therapies. They could lower the toxicity 
of currently used drugs; reduce the cost, while preserving their 
desirable properties. Moreover, the combination therapies can 
be more active than single therapies because of the differences in 
their mechanisms of action. The potential hCG therapies should 
not be considered as panacea and they may not completely re-
place the current therapies. Instead, they can complement them 
and become an important part of physician’s toolbox to treat 
these diseases. So what do we lose by exploring them?

Inclusion of hCG in the Family of Therapeutic Glycoproteins

The family of therapeutic glycoproteins contains many mem-
bers.16,17 While living cell systems can make many of them, oth-
ers can be made by glycoengineering. Some of them are already 
in clinical use, saving countless number of human lives. Many 
others are in clinical trials. Currently therapeutic glycoproteins 
account for more than one-third of the U.S. Food and Drug Ad-
ministration (FDA) approved biotherapeutics and this number 
is likely to increase rapidly in the near future. They are made 
in eukaryotic systems and marketed under various trade names. 
	
	 The members of the family come from different sources 
and vary in the amount of glycan moieties, their sizes, structures, 
amino acid composition, conformation, folding patterns, etc.16,17 

Among the family members, four are selected for brief discus-
sion to highlight their importance in the treatment of some of 
the most dreadful human diseases. The four are, erythropoietin 
(EPO), interferons (IFNs), monoclonal antibodies (mAbs) and 
tissue plasminogen activator (tPA).
	
	 EPO is a glycoprotein hormone primarily made by kid-
neys in adults and by liver in fetus and neonates.18,19 It is highly 
glycosylated (40%) and produced in response to hypoxia. It con-
trols the production of red blood cells (RBC) through its cyto-
kine like actions on their precursors in the bone marrow.18,19 It is 
used for the treatment of anemia due to chronic kidney disease, 
chemotherapy and radiation treatment for cancers, myelodyspla-
sia, inflammatory bowel disease and ulcerative colitis.18,19

	
	 IFN are a group of proteins that are made by virus (or 
other pathogens) infected cells in the body.20,21 They belong to 
cytokine class family, which are communication molecules to 
trigger the protective defenses of the immune system.20,21 There 
are 3 types; IFN-β belongs to type 1 and IFN-γ to type 11.20,21 
Among the IFNs, β and Υ are glycoproteins.20,21 They are anti-
viral molecules and can modulate the functions of immune sys-
tem.20,21 They are used for the treatment of chronic granuloma-
tous disease and multiple sclerosis.20,21

	
	 mAbs are produced by hybridoma technology and con-
tain 2 heavy and 2 light chains covalently bound by disulfide 
bridges.22,23 Five of the top 10 best selling pharmaceutical prod-
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ucts in 2016 are mAbs. The FDA approved the use of about 30 
of them and more than 200 others are currently under clinical 
trials.24,25 They bind monospecifically to the cell surface antigens 
of cancer and other cells and trigger the events that culminate in 
their death.26,27 The immunotherapies against cancers and some 
autoimmune diseases with mAbs are rapidly gaining ground.28,29 

	 tPA is a serine protease made by vascular endothelial 
cells.30,31 It breaks down the blood clots via the plasmin genera-
tion.30,31 It is the standard of care for the treatment for acute isch-
emic strokes.32,33 It is most effective when it is used within 3 to 
4.5 hrs after the first onset of symptoms.32,33 It is also used for the 
treatment of pulmonary embolism and myocardial infarctions, 
which are associated with blood clots.34,35

	
	 hCG has been used for the past several decades for the 
induction of follicular maturation and ovulation and for the treat-
ment of hypogonadotropic hypogonadism in males. It is becom-
ing increasingly clear from the studies on non-gonadal actions 
that hCG has rather a broad therapeutic potential against many 
diseases, that are no less devastating than the ones treated by 
EPO, IFNs, mAb and tPA. However, it has never been included 
in the family of therapeutic glycoproteins. Such inclusions can 
fast track glycoengineering research on hCG to make it thera-
peutically more effective than the currently used preparations.
	
	 There has been a declining interest among biotechnol-
ogy and pharmacy companies to invest resources in the further 
development of hCG analogs. This is due to smaller market 
share for them as compared with the demand for agents to treat 
cancers and autoimmune diseases. The declining interest could 
reverse, once the companies come to grips with the multiple 
hCG therapies.

Glycoengineering

Glycoengineering consists of series of technologies that allow 
modifying the quantity as well as the quality of the existing gly-
can moieties in the glycoproteins.36,37 It can also add glycan moi-
eties to non-glycoproteins. The modifications include changing 
the total amount of carbohydrate, linear or branching pattern, 
monosaccharaides composition or even adding new chains at 
different sites on the protein back bone. These changes could 
further increase the circulatory half-life and also can improve 
the molecular stability, protect against proteolytic degradation, 
oxidation, chemical cross linking, pH denaturation, and aggre-
gation and increase the solubility.37-40 All these desirable features 
can increase the effectiveness and pharmacodynamics of thera-
peutic glycoproteins.36 Thus, glycoengineering is becoming a 
valuable tool in the production of safe and effective therapeutic 
glycoproteins. It is also helping with minimizing some of the 
pharmaceutical problems and enhancing the production of safe 
and high quality products. However, many challenges still re-
main.

	 To the authors’ knowledge, glycoengineering has never 
been used to increase the therapeutic effectiveness of hCG. It is 

now time to do so because of the multiple exciting new therapeu-
tic opportunities with hCG (Table 1). However, it is not known 
what glycan changes are necessary to make hCG more effective 
than the natural product. Moreover, the optimal changes could 
vary with the clinical indication. Thus, a great deal of work is 
needed.41-43

CONCLUSION

Even though, recombinant hCG is commercially available, urine 
derived hormone is often used in reproductive medicine. Batch-
to-batch variations in urine derived hCG are known to exist and 
they could be coming from carbohydrate heterogeneity due to 
the isolation and purification procedures. Therefore, we rec-
ommend using recombinant hCG for glycoengineering, as it is 
likely to ensure the production of a consistent and high quality 
homogeneous products. Once glycoengineered hCG is made, it 
could be used in making the hCG pills. The availability of gly-
coengineered hCG in a pill form could lead to an world-wide 
expansion of its use.

REFERENCES

1. Lei ZM, Rao CV. Principles and Practice of Endocrinology 
and Metabolism. 3rd ed. Philadelphia, USA: Lipponcott Williams 
& Wilkins; 2001: 1096-1102.

2. Pierce JG, Parsons TF. Glycoprotein hormones: Structure and 
function. Annu Rev Biochem. 1981; 50: 465-495. doi: 10.1146/
annurev.bi.50.070181.002341

3. Lapthorn AJ, Harris DC, Littlejohn A, et al. Crystal structure 
of human chorionic gonadotropin. Nature. 1994; 369(6840): 
455-461. doi: 10.1038/369455a0

4. Rao CV, Ticconi C. Why does human chorionic gonadotropin 
has such a broad regulatory roles in the body and are they totally 
unexpected? J Reprod Health Med. 2015; 1: 1-3. doi: 10.1016/j.
jrhm.2014.09.001

5. Lustbader JW, Lobel L, Wu H, Elliott MM. Structural and 
molecular studies of human chorionic gonadotropin and its re-
ceptor. Recent Prog Horm Res. 1998; 53: 395-424. Web site. 
http://europepmc.org/abstract/med/9769716. Accessed January 
8, 2017.

6. Bahl OP. Human chorionic gonadotropin. 11. Nature of the 
carbohydrate units. J Biol Chem. 1969; 244: 575-583. Web site. 
http://www.jbc.org/content/244/3/575.short. Accessed January 
8, 2017.

7. Endo T, Nishimura R, Saito S, et al. Carbohydrate structures 
of β-core fragment of human chorionic gonadotropin isolated 
from a pregnant individual. Endocrinology. 1992; 130(4): 2052-
2058. 

8. Elliott MM, Kardana A, Lustbader JW, Cole LA. Carbohy-

http://www.annualreviews.org/doi/abs/10.1146/annurev.bi.50.070181.002341
http://www.annualreviews.org/doi/abs/10.1146/annurev.bi.50.070181.002341
http://www.nature.com/nature/journal/v369/n6480/abs/369455a0.html
https://www.infona.pl/resource/bwmeta1.element.elsevier-292fb7c6-f300-3d2e-9c29-9720e5f2cb79
https://www.infona.pl/resource/bwmeta1.element.elsevier-292fb7c6-f300-3d2e-9c29-9720e5f2cb79
http://europepmc.org/abstract/med/9769716
http://www.jbc.org/content/244/3/575.short


WOMEN’S HEALTH
Open Journal

http://dx.doi.org/10.17140/WHOJ-3-119ISSN 2380-3940

Women Health Open J Page 34

drate and peptide structure of the alpha- and beta- subunits of 
human chorionic gonadotropin from normal and aberrant preg-
nancy and choriocarcinoma. Endocrine. 1997; 7(1): 15-32. doi: 
10.1007/BF02778058

9. Kalyan NK, Lippes HA, Bahl OP. Role of carbohydrate in hu-
man chorionic gonadotropin: Effect of periodate oxidation and 
reduction on its in vitro and in vivo biological properties. J Biol 
Chem. 1982; 257(21): 12624-12631. Web site. http://www.jbc.
org/content/257/21/12624.long. Acceesed January 8, 2017.

10. Rao CV. There is no turning back on the paradigm shift on 
the actions of human chorionic gonadotropin and luteinizing 
hormone. J Reprod Health Med. 2016; 2(1): 4-10. doi: 10.1016/j.
jrhm.2015.07.001

11. Rao CV. Novel concepts in neuroendocrine regulation of 
reproductive tract Functions. In: Bazer FW, ed. Endocrinology 
of Pregnancy. Totowa, NJ, USA: The Humana Press Inc; 1998: 
125-144.

12. Rao CV. Can the risk of breast cancers be reduced in this era 
of delayed first childbirths by treatment with human chorionic 
gonadotropin? J Reprod Health Med. 2016; 2(1): S19-S20.

13. Rao CV. Protective effects of human chorionic gonado-
tropin (hCG) against breast cancer: How can we use this in-
formation to prevent/treat the disease? Reprod Sci. 2016. doi: 
10.1177/1933719116676396 

14. Methods for chronic pain management and treatment 
using HCG. Web site. https://www.google.com/patents/
US20120265129. Accessed   January 8, 2017.

15. Syme M, Thornton G, Hann, M, Rao CV. Anti-HIV effects of 
human chorionic gonadotropin: Potential for a new inexpensive 
therapy. In: Bandivedakar A, Puri CP, eds. Emerging Frontiers 
and Challenges in HIV/AIDS Research. Mumbai, India: Varun 
Enterprises; 2013: 119-123.

16. Rao CV. Potential therapy of HIV/AIDS and Ebola outbreak 
with pregnancy hormone, Human chorionic gonadotropin. HIV/
AIDS Res Treat Open J. 2014; 1(1): e002. doi: 10.17140/HAR-
TOJ-1-e002

17. Rao CV. Therapeutic potential of human chorionic gonad-
otropin against overactive bladder. Reprod Sci. 2016; 23(9): 
1122-1128. doi: 10.1177/1933719115614400

18. Rao CV. Therapeutic potential of human chorionic gonadotro-
pin against painful bladder syndrome/interstitial cystitis. Reprod 
Sci. 2016; 23(11): 1451-1458. doi: 10.1177/1933719116639139

19. Rao CV. Why are we waiting to start large scale clini-
cal testing of human chorionic gonadotropin for the treat-
ment of pretem births? Reprod Sci. 2016; 23(7): 830-837. doi: 

10.1177/1933719115620498

20. Rao CV. Potential therapy for rheumatoid arthritis and Sjo-
gren’s syndrome with human chorionic gonadotropin. Reprod 
Sci. 2016; 23(5): 566-571. doi: 10.1177/1933719115597765

21. Rao CV. Potential therapy for Neisseria Gonorrhoeae infec-
tions with humanchorionoc gonadotropin. Reprod Sci. 2015; 
22(12): 1484-1487. doi: 10.1177/1933719115580998

22. Researchers begin development of insulin pill. September  
11, 2016: Web site. http://www.healio.com/endocrinol-
ogy/diabetes/news/online/%7B1396d0f8-087c-4275-b79a-
c5c1c5c51cb0%7D/researchers-begin-development-of-insulin-
pill. Accessed  January 8, 2017.

23. Van de Lagemaat R, Timmers CM, Kelder J, van Koppen C, 
Mosselman S, Hanssen RG. Induction of ovulation by a potent, 
orally active, low molecular weight agonist (Org 43553) of the 
luteinizing hormone receptor. Hum Reprod. 2009; 24(3): 640-
648. doi: 10.1093/humrep/den412

24. Gerrits M, Mannaerts B, Kramer H, Addo S, Hanssn R. First 
evidence of ovulation induced by oral LH agonists in healthy 
female volunteers of reproductive age. J Clin Endocrinol Metab. 
2013; 98(4): 1558-1566. doi: 10.1210/jc.2012-3404

25. Casarini L, Lispi M, Longobardi S, et al. LH and hCG ac-
tion on the same receptor results in quantitatively and qualita-
tively different intracellular signaling. PLoS One. 2017; 7(10): 
e46682. doi: 10.1371/journal.pone.0046682

26. Jedrzejewski PM, del Val IJ, Poilzzi KM, Kontoravdi C. 
Applyying quality by design to glycoprotein therapeutics: Ex-
perimental and computational efforts to process control. Pharm 
Bioprocess. 2013; 1(1): 51-69. doi: 10.4155/pbp.13.4

27. Zhang L, Luo S, Zhang B. Glycan analysis of therapeu-
tic glycoproteins. MAbs. 2016; 8: 205-215. doi: 10.1080/ 
19420862.2015.1117719

28. Ridley DM, Dawkins F, Perlin E. Erythropoietin: A review. J 
Natl Med Assoc. 1994; 86(2): 129-135.

29. Tamadon MR, Beladi-Mousavi SS. Erythropoietin; a review 
on current knowledge and new concepts. J Renal Inj Prev. 2013; 
2(4): 119-121. doi: 10.12861/jrip.2013.38
 
30. Katze MG, He Y, Gale M. Viruses and interferon: A fight 
for supremacy. Nat Rev Immunol. 2002; 2(9): 675-687. doi: 
10.1038/nri888

31. Pestka S. The interferons: 50 years after their discovery, 
There is much more to learn. J Biol Chem. 2007; 282(28): 
20047-20051. doi: 10.1074/jbc.R700004200

17

http://link.springer.com/article/10.1007%252FBF02778058
http://www.jbc.org/content/257/21/12624.long
http://www.jbc.org/content/257/21/12624.long
http://www.worldpapercat.com/1764/Article8762475.htm
http://www.worldpapercat.com/1764/Article8762475.htm
http://journals.sagepub.com/doi/pdf/10.1177/1933719116676396
https://www.google.com/patents/US20120265129
https://www.google.com/patents/US20120265129
http://openventio.org/Archive/HARTOJ-1-e002.php
http://openventio.org/Archive/HARTOJ-1-e002.php
http://journals.sagepub.com/doi/abs/10.1177/1933719115614400%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed
http://journals.sagepub.com/doi/pdf/10.1177/1933719116639139
http://journals.sagepub.com/doi/abs/10.1177/1933719115620498%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed
http://journals.sagepub.com/doi/abs/10.1177/1933719115597765%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed
http://journals.sagepub.com/doi/abs/10.1177/1933719115580998%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed
http://www.healio.com/endocrinology/diabetes/news/online/%7B1396d0f8-087c-4275-b79a-c5c1c5c51cb0%7D/researchers-begin-development-of-insulin-pill
http://www.healio.com/endocrinology/diabetes/news/online/%7B1396d0f8-087c-4275-b79a-c5c1c5c51cb0%7D/researchers-begin-development-of-insulin-pill
http://www.healio.com/endocrinology/diabetes/news/online/%7B1396d0f8-087c-4275-b79a-c5c1c5c51cb0%7D/researchers-begin-development-of-insulin-pill
http://www.healio.com/endocrinology/diabetes/news/online/%7B1396d0f8-087c-4275-b79a-c5c1c5c51cb0%7D/researchers-begin-development-of-insulin-pill
https://academic.oup.com/humrep/article-lookup/doi/10.1093/humrep/den412
https://academic.oup.com/jcem/article-lookup/doi/10.1210/jc.2012-3404
http://journals.plos.org/plosone/article%3Fid%3D10.1371/journal.pone.0046682
http://insights.ovid.com/pharmaceutical-bioprocessing/phbiop/2013/04/000/applying-quality-design-glycoprotein-therapeutics/14/01720275
http://www.tandfonline.com/doi/abs/10.1080/19420862.2015.1117719
http://www.tandfonline.com/doi/abs/10.1080/19420862.2015.1117719
https://pdfs.semanticscholar.org/2e78/b03c8f5734c17742814a27477612c3a29219.pdf
http://www.nature.com/nri/journal/v2/n9/full/nri888.html
http://www.jbc.org/content/282/28/20047.long


WOMEN’S HEALTH
Open Journal

http://dx.doi.org/10.17140/WHOJ-3-119ISSN 2380-3940

Women Health Open J Page 35

32. Weiner LM. Fully human therapeutic monoclonal antibod-
ies. J Immunol. 2006; 29(1): 1-9. Web site. http://journals.lww.
com/immunotherapy-journal/pages/articleviewer.aspx?year=
2006&issue=01000&article=00001&type=abstract. Accessed 
January 8, 2017.

33. Oldham RK, Dillman RO. Monoclonal antibodies in cancer 
therapy: 25 years of progress. J Clinical Oncol. 2008; 26(11): 
1774-1777. doi: 10.1200/JCO.2007.15.7438

34. Wardlaw J, Murray V, Berge E, et al. Recombinant tissue 
plasminogen activator for acute ischaemic stroke: An updated 
systematic review and meta-analysis. Lancet. 2012; 379(9834): 
2364-2372. doi: 10.1016/S0140-6736(12)60738-7

35. Baratioo A, Forouzanfar MM, Hashemi B, Safari S, Kasmael 
A, Negida A. Tissue plasminogen activator: A literature review. 
Arch Neuroscience. 2016; 3(1): e30452. doi: 10.5812/archneu-
rosci.30452

36. Sinclair AM, Elliott S. Glycoengineering: The effect of gly-
cosylation on the properties of therapeutic proteins. J Pharm Sci. 
2005; 94(8): 1626-1635. doi: 10.1002/jps.20319

37. Oh-eda M, Hasegawa M, Hattori K, et al. O-linked sugar 
chain of human granulocyte colony-stimulating factor protects it 
against polymerization and denaturation allowing it to retain its 
biological activity. J Biol Chem. 1990; 265(20): 11432-11435. 
Web site. http://www.jbc.org/content/265/20/11432.short. Ac-
cessed January 8, 2017.

38. Lis H, Sharon N. Protein glycosylation: Structural and func-
tional aspects. Eur J Biochem. 1993; 218(1): 1-27. doi: 10.1111/
j.1432-1033.1993.tb18347.x

39. Ono M. Physicochemical and biochemical characteristics 
of glycosylated recombinant human granulocyte colony stimu-
lating factor (lenograstim). Eur J Cancer. 1994; 30A Suppl 3: 
S7-S11. Web site. http://europepmc.org/abstract/med/7535073. 
Accessed January 8, 2017.

40. Baudys M, Uchio T, Mix D, Wilson D, Kim SW. Physical 
stabilization of insulin by glycosylation. J Pharm Sci. 1995; 
84(1): 28-33. doi: 10.1002/jps.2600840108

41. Uchida E, Morimoto K, Kawasaki N, Izaki Y, Abdu Said 
A, Hayakawa T. Effect of active oxygen radicals on pro-
tein and carbohydrate moieties of recombinant human eryth-
ropoietin. Free Radical Res. 1997; 27(3): 311-323. doi: 
10.3109/10715769709065769

42. Mitra N, Sinha S, Ramya TN, Surolia A. N-linked oligosac-
charides as outfitters for glycoprotein folding, form and func-
tion. Trends Biochem Sci. 2006; 31(3): 156-163. doi: 10.1016/j.
tibs.2006.01.003

43. Clowers BH, Dodds ED, Seipert RR, Lebrilla CB. Site de-
termination of protein glycosylation based on digestion with 
immobilized nonspecific proteases and Fourier transform ion 
cyclotron resonance mass spectrometry. J Proteome Res. 2007; 
6(10): 4032-4040. doi: 10.1021/pr070317z

http://journals.lww.com/immunotherapy-journal/pages/articleviewer.aspx?year=2006&issue=01000&article=00001&type=abstract
http://journals.lww.com/immunotherapy-journal/pages/articleviewer.aspx?year=2006&issue=01000&article=00001&type=abstract
http://journals.lww.com/immunotherapy-journal/pages/articleviewer.aspx?year=2006&issue=01000&article=00001&type=abstract
http://ascopubs.org/doi/abs/10.1200/JCO.2007.15.7438%3Furl_ver%3DZ39.88-2003%26rfr_id%3Dori:rid:crossref.org%26rfr_dat%3Dcr_pub%253dpubmed
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736%2812%2960738-7/abstract
http://archneurosci.com/%3Fpage%3Darticle%26article_id%3D30452
http://archneurosci.com/%3Fpage%3Darticle%26article_id%3D30452
http://jpharmsci.org/article/S0022-3549%2816%2931824-X/abstract
http://www.jbc.org/content/265/20/11432.short
http://onlinelibrary.wiley.com/doi/10.1111/j.1432-1033.1993.tb18347.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1432-1033.1993.tb18347.x/abstract
http://europepmc.org/abstract/med/7535073
http://jpharmsci.org/article/S0022-3549%2815%2949684-4/abstract
http://www.tandfonline.com/doi/abs/10.3109/10715769709065769
http://www.cell.com/trends/biochemical-sciences/references/S0968-0004%2806%2900024-7
http://www.cell.com/trends/biochemical-sciences/references/S0968-0004%2806%2900024-7
http://pubs.acs.org/doi/abs/10.1021/pr070317z

