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INTRODUCTION 

 

PROTEIN DRUGS 

Peptides and proteins are known to have great 

therapeutic potential against several diseases and 

syndromes. They are an imperative part of the 

pharmaceutical industry. More than 100 proteins have 

been approved as therapeutics. The FDA has approved 

many recombinant proteins as biotechnology medicines, 

antibody-drug conjugates, vaccines, enzymes, natural, 

recombinant cytokines, and interferons. These 

recombinant therapeutic proteins are also known as 

biotechnological therapeutics because they are used for 

multiple purposes, including diagnosis, prophylaxis, 

disease management and cure.
[1]   

 

Protein drugs or therapeutic proteins have been 

considered for the following facts:  

 Diversity of functional groups: free thiols (on 

cysteine residue).  

 Clinical development and FDA approval time are 

comparatively faster than that for small molecule 

drugs.  

 Less likely for the body to evoke immune responses 

as the body naturally produces many of the proteins.  

 Lower side effects and due to high specificity there’s 

less potential for protein to interrupt the normal 

biological processes.
[2] 

 

 

 

 

THERAPEUTIC PROTEINS 

Proteins which are absent or low in individuals with an 

illness such as Cancer, Infectious diseases, Hemophilia, 

Anemia, Multiple sclerosis, Hepatitis B/C etc. are 

artificially synthesized on large scale through genetically 

modified host cells and delivered. 

 

“Proteins which are engineered in the laboratory for 

pharmaceutical use are referred to as therapeutic 

proteins”  

Protein therapy is similar to gene therapy, but unlike 

gene therapy, Protein therapy delivers protein to the body 

in specific amounts (as would be ordinarily present), to 

help repair illness, treat pain or remake structures.   

 

This therapeutic approach in treating diseases using 

proteins and peptides is termed as protein therapeutics.
[3]

  

 

CLASSIFICATION 

1. BASED ON MOLECULAR MECHANISM 

Binding non-covalently to target e.g. –mAbs 

Affecting covalent bonds e.g. – enzymes  

Exerting activity without specific interactions e.g. - 

serum albumin  

 

2. BASED ON MOLECULAR TYPES 

Antibody based drugs, Fc fusion proteins, anticoagulants, 

blood factors, growth factors, hormones, interferon, bone 

morphogenetic proteins, interleukins and thrombolytic.
[4]  
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ABSTRACT  

Therapeutic protein drugs are an important class of medicines serving patients most in need of novel therapies. 

Recently approved recombinant protein therapeutics have been developed to treat a wide variety of clinical 

indications, including cancers, autoimmunity inflammation, exposure to infectious agents, and genetic disorders. 

The latest advances in protein-engineering technologies have allowed drug developers and manufacturers to fine-

tune and exploit desirable functional characteristics of proteins of interest while maintaining (and in some cases 

enhancing) product safety or efficacy or both. In this review, we highlight the emerging trends and approaches in 

protein drug development by using examples of therapeutic proteins approved by the U.S. Food and Drug 

Administration over the previous five years (2011–2016, namely January 1, 2011, through August 31, 2016). 
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3. BASED ON PHARMACOLOGICAL ACTION   

Group I: protein therapeutics with enzymatic or regulatory activity  

 I a: Replacement of a protein that is deficient or abnormal: e.g. - Exubera, Increlex 

 

 

Figure 1 : INCRELEX. 

 

 I b: Augmentation of an existing pathway: e.g. - Ovidrel, Neupogen   

 

 
Figure 2 : NEUPOGEN. 

 

 I c: Provides a novel function or activity: e.g. – Myoblock. 

 

Group II: protein therapeutics with special targeting activity   

 II a: Interferes with a molecule or organism: e.g. - Avastin   

 
Figure 3 : AVASTIN. 

 

 II b: Delivers other compounds or proteins (such as radionuclie, cytotoxic drug or effector protein): e.g. – Ontak. 

 

Group III: Protein vaccines   

 IIIa: Protecting against a deleterious foreign agent: e.g. – Engerix. 
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 IIIb: Treating an autoimmune disease. : e.g. – Rophylac. 

 

Group IV: Protein diagnostics 

e.g. – Geref 

 

 
Figure 4: GEREF. 

 

ERYTHROPOIETIN 
Erythropoietin (EPO), also known as haematopoietin 

or haemopoietin, is a glycoproteincytokine secreted by 

the kidney in response to cellular hypoxia, it stimulates 

red blood cell production (erythropoiesis) in the bone 

marrow. Low levels of EPO (around 10 mU/mL) are 

constantly secreted sufficient to compensate for normal 

red blood cell turnover. Common causes of cellular 

hypoxia resulting in elevated levels of EPO (up to 

10,000 mU/mL) include any anemia, and hypoxemia due 

to chronic lung disease.
[5]

 

 

STRUCTURE 

The gene for human Erythropoietin was spliced from 

human liver cells Restriction enzymes are then used to 

place this gene into cells who express this gene. These 

cells translate Erythropoietin and secrete it into their 

culture medium. Cells tend to produce heterogeneous 

proteins due to post transcription enzyme activity and 

existing chaperone proteins. This problem is worse when 

glycoproteins are manufactured.
[6]

 

Glycoproteins have oligosaccharide chains that are 

assembled after translation. 

 N-linked oligosaccharide chains are added in the 

endoplasmic reticulum and in the Golgi apparatus of 

a cell. 

 O-linked oligosaccharides are also added in the 

Golgi apparatus of the cell, but there is no consensus 

on how specific glycosylation sites are determined.
[7]

 

 

This results in biologic Erythropoietin with 

heterogeneous oligosaccharide side chains. 

 Studies suggest that specific oligosaccharide 

locations improve the effectiveness of 

Erythropoietin. 

 In 2002, Ping Wang et. al. determined that an 

effective "wild type" erythropoietin has 4 conserved 

glycosylation sites.
[8]

 

 3 sites are N-linked and 1 site is O-linked. 

 

 

https://en.wikipedia.org/wiki/Glycoprotein
https://en.wikipedia.org/wiki/Glycoprotein
https://en.wikipedia.org/wiki/Erythropoiesis
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Figure 5: ERYTHROPOIETIN. 

 

SYNTHESIS 

Erythropoietin can be synthesized in vitro by using 4 

crucial techniques: 

a) NATIVE CHEMICAL LIGATION 
This technique combines two smaller unprotected protein 

fragments Into a larger protein. One protein must contain 

a thiolate group on a N-terminal cysteine residue. The 

other protein must C-terminal thioester.A trans-thio-

esterification and a S.N-acyl shift combines both 

proteins.
[9]

 

b) OMERCAPTOARYL ESTER REARRANGEMENT 

MEDIATED LIGATION 
An ester re-arranges it's sulfur and oxygen groups so it 

can be used to combine two protein fragments together. 

c) ONE-FLASK ASPARTYLATION 
Attaches an oligosaccharide to an amino acid by a 

Glycosidic Nitrogen Bond 

d) METAL FREE DESULFURIZATION 
Uses light and a free radical to remove sulfur from 

cysteine to convert the amino acid to alanine.
[10]

 

 

 
Figure 6 : CHEMICAL SYNTHESIS OF ERYTHROPOIETIN. 
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Figure 7 : ERYTHROPOIETIN MECHANISM. 

 

MECHANISM OF ACTION 

Erythropoietin has been shown to exert its effects by 

binding to the erythropoietin receptor (EpoR). EPO binds 

to the erythropoietin receptor on the red cell progenitor 

surface and activates aJanus kinase 2 (commonly 

called JAK2) is a non-receptor tyrosine kinase.
[11] 

 

This initiates the Signal transducer and activator of 

transcription 5 (STAT5), The phosphoinositide 3-kinase 

(PI3K)PIK3 and Ras Mitogen-activated protein kinase 

(MAPK) pathways. This results in differentiation, 

survival and proliferation of the erythroid cell. 

suppressor of cytokine signaling-SOCS1, SOCS3 and 

cytokine-induced STAT inhibitor (CIS) are also 

expressed which act as negative regulators of the 

cytokine signal. 

 

High level erythropoietin receptor expression is localized 

to erythroid progenitor cells. While there are reports that 

EPO receptors are found in a number of other tissues, 

such as heart, muscle, kidney and peripheral/central 

nervous tissue, those results are confounded by non 

specificity of reagents such as anti-EpoR antibodies.
[12] 

 

In controlled experiments, a functional EPO receptor is 

not detected in those tissues. In the bloodstream, red cells 

themselves do not express erythropoietin receptor, so 

cannot respond to EPO. However, indirect dependence of 

red cell longevity in the blood on plasma erythropoietin 

levels has been reported, a process termed neocytolysis. 

In addition, there is conclusive evidence that EPO 

receptor expression is unregulated in brain injury.
[13] 

 

ROLE OF ERYTHROPOIESIS 

 Erythropoiesis is from the Greek word 'erythro' 

meaning 'red' and from 'poiesis meaning to make'. 

 Red blood cell production is stimulated by a 

decrease in O2 levels. 

 O2 levels are detected by the kidneys. 

 When low O2 levels are detected, peritubular 

capillary endothelial cells in the kidneys secrete the 

hormone erythropoietin to stimulate the production 

of red blood cells within red bone marrow.
[14]

 

 

REGULATION OF ERYTHROPOIESIS  

 A functioning erythropoiesis feedback loop allows 

for the number of red blood cells to maintain stable 

levels. 

 When the body is in a diseased state, blood cells that 

are lost are replaced so sufficient oxygen levels are 

maintained. 

 Erythropoietin levels in circulation increase as the 

levels of red blood cells decrease. 

 Erythropoietin acts on stem cells in bone marrow. 
 It stimulates stem cells to fully mature into red blood 

cells.
[15] 
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Figure 8 : ROLE OF ERYTHROPOIESIS. 
 

 

Figure 9: REGULATION OF ERYTHROPOIESIS. 
 

CLINICAL APPLICATIONS OF RECOMBINANT 

HUMAN ERYTHROPOIETIN 

 Role of rhEPO in patients with CKD in pre-dialysis 

stage 

A review in 1995 showed no improvement of anaemia in 

such patients but they had acceleration to end-stage 

CKD. However, other studies have shown that early 

treatment with rhEPO corrects anemia, avoids blood 

transfusion, and improves the QOL and exercise 

capacity. 

 

 Anemia of chronic disease 

Role of rhEPO in rheumatoid arthritis (RA) patients 

along with intravenous iron for improvement of anemia 

has been established. It is also used to increase the 

volume of autologous blood donation in patients with 

RA undergoing hip or knee replacement.
[16]

 

 

 

 

 Anemia in HIV-infected patients 

 Almost 60% of patients suffering from HIV have 

anemia, more so if they are on Ziduvudine treatment. If 

baseline EPO levels are <500 mU/ml, weekly or thrice 

weekly dose of 100–200 U/kg corrects anemia and 

improves patient’s Quality of life (QOL) and survival. 

 

 Patients on hepatitis C treatment 

Hemolysis and resultant anemia is a problem during the 

treatment of hepatitis C with Ribavirin and Interferon. 

Treatment with rhEPO and darbepoetin increases the 

haemoglobin levels and optimal therapy can be 

continued.
[17] 

 

 Cancer/chemotherapy related anemia 

Anemia of chronic disease, a condition characterized by 

disordered iron metabolism, shortened RBC half-life, 

and inefficient erythropoiesis, is the major contributor to 

cancer related anemia. 
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In patients treated with chemotherapy and with an Hb 

level of ≤10 g/dl, treatment with EPO might be 

considered to increase Hb by <2 g/dl or to prevent 

further decline in Hb. 

 

In patients not treated with chemotherapy, there is no 

indication for the use of EPO and there might be an 

increased risk of death when EPO is administered to a 

target Hb of 12–14 g/dl.  

 

 Anemia of prematurity 

Neonates born prematurely (before 32 weeks of 

gestation), weighing less than 1300 g, usually receive 

multiple blood transfusions to compensate for regular 

blood sampling required for intensive monitoring.
[18] 

 

 To minimize allogeneic blood transfusions after 

surgical procedures 

rhEPO can minimize blood transfusions in patients 

undergoing surgical procedures. For instance, 

cardiothoracic surgery or orthopedic surgery may cause 

up to a 20% loss of total blood volume. A recent study 

showed that in patients who were ineligible for 

autologous donation, a low dose of rhEPO (150 

IU/kg/week) given 3–4 weeks before surgery reduced the 

blood transfusion requirement by nearly 50%. 

 

 Critically ill patients 

Anemia and the need for blood transfusions are common 

among patients admitted to intensive care unit. EPO has 

been used to decrease the need for transfusions with 

variable results. A recent meta-analysis has shown the 

reduction in blood transfusions per patient to be very 

small, with insufficient evidence to determine whether 

rhEPO results in clinical benefit with acceptable risk.
[19]

 

 

 Heart failure 

Recombinant EPO therapy has been found to be useful in 

patients with heart failure, especially with the cardio-

renal anemia syndrome. Some recent studies show 

reduction in cardiac remodeling, Brain Natriuretic 

peptide levels, and hospitalization rate, resulting in 

improvement in left and right ventricular systolic 

function. 

 

 Stroke  

There is a lot of interest in the role of EPO as a 

neuroprotective agent in ischemic stroke based on 

preclinical studies and one pilot study; however, a recent 

study failed to show any benefit and raised some doubts 

regarding the safety of EPO in such patients. 

 

 Acute kidney injury 

The role of EPO in acute kidney injury (AKI) is 

undergoing active research and animal studies have 

revealed a physiological basis for the use of 

erythropoietin in AKI; however, a recent study failed to 

show any benefit.
[20]

 

 

 

ADVERSE EFFECTS OF RECOMBINANT 

HUMAN ERYTHROPOIETIN 

a. Flu-like symptoms: Commonest side effect which 

subsides within 24 hours  

b. Allergic and anaphylactic reactions  

c. Seizures and hyperkalemia: Rare  

d. Hyperviscosity 

e. Thrombosis: A meta-analysis involving nearly 

10,000 cancer patients indicates that treatment with 

rhEPO increases the risk of thrombosis 

f. Hypertension  

g. Possibility of cancer progression: There is Some 

what less convincing evidence that rhEPO enhances 

tumor progression  

h. Pure red cell aplasia (mainly reported in patients 

with CKD): Autoantibodies in the serum can 

neutralize both rhEPO and endogenous EPO. This 

was mainly observed in CKD patients, especially 

after SC injection. Its incidence after 2000 has 

reduced, especially with the IV formulations
[21]

 

i. Abuse of erythropoietin in competitive sports: 

 

The most important recombinant EPOs and analogues 

misused in sports are: 

a) Recombinant human Erythropoietin (rhEPO) 

b) Darbepoetin alpha  

c) CERA (Continuous Erythropoietin Receptor 

Activator) 

The detection of EPO abuse has been challenging for the 

following reasons: Timing of sampling and availability 

of specialized dedicated laboratories with immense 

infrastructure requirements are the major limiting factors 

in detecting EPO misuse. The other factors playing a role 

in the detection are follows: 
[22]

 

 It is difficult to discriminate between the 

endogenous EPO and recombinant exogenous 

hormone.  

 EPO has a relatively short half-life in serum (the 

half life of rhEPO-a is 8.5 ± 2.4 hours when 

administered IV and 19.4 ± 10.7 hours when 

administered SC).  

 EPO is undetectable in urine after 3–4 days of 

injection.  

 Screening in large numbers may be difficult as it 

requires highly trained technicians and 

standardization between laboratories.
[23]

 

 

REPLACEMENT DRUGS EMERGING 

ALTERNATIVES TO ERYTHROPOIETIN 

STIMULATING AGENTS(ESA’s) 
An alternative to the administration of exogenous ESAs 

is the use of agents that stimulate endogenous 

erythropoietin production in renal and nonrenal tissues. 

One class of investigational agents under development 

works to stabilize hypoxia-inducible factor (HIF) by 

inhibiting prolyl hydroxylase (PH) enzymes.
 
HIF is a key 

regulator of erythropoietic gene expression, iron 

absorption, energy metabolism, pH, and angiogenesis; as 

its name indicates, HIF is induced by hypoxia.
[24] 
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HYPOXIA –INDUCIBLE FACTOR 

HIF-PH inhibitors improve iron mobilization to the bone 

marrow and induce considerably lower but more 

consistent blood erythropoietin levels than ESAs. They 

also promote erythroferrone production by erythroblasts 

which reduces hepcidin interference, allowing for greater 

utilization of iron. As well, these agents have the 

advantage of being administered orally. 

 

MECHANISM OF ACTION 

HIF is a key transcription factor that produces a 

physiologic response to reduced tissue oxygen levels by 

activating the expression of certain genes. The purpose 

of this adaptive homeostatic response is to restore 

oxygen balance and protect against cellular damage 

while oxygen levels are being restored. 

 

When oxygen levels decrease, prolyl hydroxylation does 

not occur, which allows HIF-α to dimerize with its 

partner HIF-β and accumulate in the nucleus to regulate 

HIF target genes. HIF stabilization increases gene 

transcription by binding to The hypoxia responsive 

element(HREs), thus upregulating EPO and other 

genes.
[25]

 

 
Figure 10: ERYTHROPOIETIC EFFECTS OF HYPOXIA INDUCIBLE FACTOR (HIF). 

 

1) HIF upregulates divalent metal transporter 1 

(DMT1) and duodenal cytochrome B (DcytB) to 

increase intestinal iron (Fe) absorption;  

2) transferrin transports Fe to transferrin receptors in 

the bone marrow;  

3) Fe is released from transferrin into the developing 

erythrocyte;  

4) HIF upregulates the erythropoietin (EPO) receptor 

(EPO-R) and endogenous EPO production;  

5) HIF upregulates transferrin receptor, increasing iron 

uptake by proerythrocytes;  

6) HIF promotes the formation of fully functional 

mature erythrocytes replete with haemoglobin (Hb). 

7) after a lifespan averaging approximately 120 days, 

exhausted erythrocytes are scavenged in the liver 

and the Fe is returned for reuse.. 

The plasma protein binding of tamoxifen and 

afimoxifene is greater than 99%. A majority 

of tamoxifen is bound to albumin. Tamoxifen itself is a 

prodrug is metabolized in the liver by the cytochrome 

P450 isoforms CYP3A4, CYP2C9 and CYP2D6 into 

active metabolites such as afimoxifene and endoxifen.
[26]

 

 

In a mouse model in which tamoxifen is used to 

conditionally knock out exon 2 of the prolyl hydroxylase 

domain-containing protein 2 (PHD2) gene, enhanced 

angiogenesis and increased vascular endothelial growth 

factor (VEGF)-A and EPO levels are observed. 

 

 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/genetic-transcription
https://www.sciencedirect.com/topics/medicine-and-dentistry/genetic-transcription
https://www.sciencedirect.com/topics/medicine-and-dentistry/tamoxifen
https://www.sciencedirect.com/topics/medicine-and-dentistry/exon
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Figure 11: TAMOXIFEN. 

 

 
Figure 12: Hypoxia-inducible factor (HIF) pathway. 

 

 
Figure 13: NUMBER OF CELLS IN KIDNEY PRODUCING ERYTHROPOIETIN. 

 

There are some newer agents that hold great promise in 

the treatment of anemia in chronic illness or chronic 

kidney disease. Some of these have been approved by the 

FDA, while others are undergoing clinical trials. 

 

In January 2015, the FDA approved ferric 

pyrophosphate (Triferic), a soluble iron replacement 

therapy, which is added to the hemodialysate solution.
[27] 

  
 

Approval was based on the PRIME study that showed 

soluble ferric pyrophosphate to be ESA sparing. Patients 

(n=103) were randomized to receive ferric 
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pyrophosphate in dialysate or standard dialysate. The 

researchers found that ferric pyrophosphate was able to 

maintain haemoglobin and not increase ferritin, while 

significantly reducing the use of ESAs by 37.1% 

compared with regular dialysate. 

Four Hypoxia-inducible factor-prolyl hydroxylase HIF-

PH inhibitors are currently under development: 

roxadustat, vadadustat, daprodustat, and molidustat.

 

                  
Figure 14: Roxadustat                        Figure 15: Vadadustat 

 

                       

Figure 16: Daprodustat                  Figure 17: Molidustat 

 

MECHANISM OF ACTION OF ROXADUSTAT 

Roxadustat is a first-in-class orally administered 

inhibitor of hypoxia-inducible factor (HIF) prolyl 

hydroxylase that corrects anaemia by a mechanism of 

action that is different from that of erythropoiesis-

stimulating agents (ESAs).  

 

As a Hypoxia-inducible factor-prolyl hydroxylase 

inhibitor, roxadustat activates a response that occurs 

naturally when the body responds to reduced oxygen 

levels in the blood.
[33] 

 

The response activated by roxadustat involves the 

regulation of multiple, complementary processes to 

promote erythropoiesis and increase the blood’s oxygen-

carrying capacity.  

 

The approval is based on four Phase III studies 

conducted in CKD anaemia patients on dialysis in Japan. 

The studies demonstrated that roxadustat was effective at 

raising haemoglobin and that it was well-tolerated.
[28]

 

 

Oral iron products 

Oral iron products may also be helpful for management 

of iron deficient anemia in patients with Chronic Kidney 

Disease (CKD) who are not on dialysis. Ferrous sulfate 

is inexpensive, but other oral iron products are also 

available (eg., carbonyl iron, ferric citrate). Ferric citrate 

is an oral phosphate binder for the control of serum 

phosphorus levels in patients with CKD on dialysis. It 

also approved by the FDA for adults with iron deficiency 

anemia who have CKD and are not on dialysis. 

 

CONCLUSION 

HIF-PH inhibitors are likely to become an important tool 

for anemia management in patients with CKD. Given the 

biology of the HIF pathway, it is likely that 

targeting prolyl hydroxylase domain enzymes (PHD) 

enzymes will lead to pleiotropic effects.  

 

HIF-PH inhibition leads to endogenous EPO production 

and enhances the availability of iron to the erythron. 

Published clinical trials show increased Hb levels with 

physiologic blood levels of endogenous EPO. The oral 

route of administration may be of advantage over 

intravenous/subcutaneous ESAs, especially in patients 

with non-dialysis-dependent chronic kidney 

disease(NDD CKD) and those undergoing peritoneal 

dialysis.
[29] 

 

 

Although manipulating HIF-PH may have several 

benefits, concerns regarding safety must be dealt with. 

One significant concern regarding the long-term use of 

these agents is the possible effect on tumors because HIF 

activation in hypoxic environments may help already 

existing tumors survive and grow. 

  

The long-term effects on vascular endothelial growth 

factor (VEGF) and angiogenesis have also yet to be 

determined. Pending results of long-term studies 

comparing HIF-PH inhibitors and ESA therapy, it is not 

possible to state whether HIF-PH inhibitors offer an 

advantage regarding cardiovascular end points at 

comparable target Hb levels. Results of ongoing trials 

will elucidate the short- and long-term benefit versus risk 

profile of these agents to better define their role as an 
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alternative to ESAs and iron supplementation in patients 

with CKD with anemia.
[30]
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