
New peptide and protein drugs 
l P. Vermeij and D. Blok 

Introduction 
With the advent of biotechnology, peptides and pro- 
tein drugs have generated much medico-pharmaceu- 
tical interest. The purpose of this article is to present a 
view on recent developments, the present state and 
an outlook with regard to the pharmacotherapy with 
peptide and protein drugs. 

In the field of peptide and protein drugs there have 
been two leading developments: hybridoma technol- 
ogy [l 21, and the application of recombinant-DNA 
technology [3] for the preparation of drugs and vac- 
cines as well as receptors. Hybridoma technology pro- 
vided the opportunity to produce highly specific 
monoclonal antigen binding proteins with potential- 
ities for site-specific delivery to organs. The objectives 
for applying recombinant DNA-technology may be 
various: to produce existing products in purer form 
and more efficiently and cheaply (example: insulin), 
or to produce proteins in commercially interesting 
amounts that would be otherwise very scarce (e.g. 
interferons, plasminogen activators, blood-clotting 
factor VIII). Another option is to produce viral protein 
subunit vaccines as (safer) substitutes for viral vac- 
cines and, particularly, production of vaccines against 
viruses that cannot be cultured (e.g. hepatitis B). 
Recombinant DNA technology has created possibilities 
to produce receptors (as well as protein structures) 
which are extremely useful for pharmacological inves- 
tigations and possibly also in pharmacotherapy as 
drugs because of their ability to bind pathogens [4 51. 

It should be realized, however, that peptide and 
protein drugs form already part of the pharmacother- 
apeutic regimen for many years (examples: insulin, 
plasma protein fractions, polymyxines). Moreover, a 
number of drugs exists, sometimes already for a long 
period, with strong structural resemblance to pep- 
tides (e.g. angiotensin-converting enzime (ACE)inhib- 
itors) and endorphins. 

Today’s most prominent biotechnology drugs (all 
peptide or protein drugs) are summarized in Table 1. 
A recent survey showed that, in the USA, 143 biotech- 
nology drugs and vaccines were under way or await- 
ing approval [6 71, and even greater numbers are 
cited elsewhere [8 91. On the other hand it is not to 
be expected that all protein drugs will be prepared by 
biotechnology in the near future. A number of pep- 
tides (e.g. the gonadotrophin (CnRH) analogues) is 
synthesized by chemical synthesis. The biotechnolog- 
ical and chemical synthesis of these products has 
abolished the element of scarcity for a number of 
these drugs (example: growth hormone), although 
they still remain very expensive. 

Proteins isolated from human sources 
Despite of the advances of biotechnology, a substan- 
tial number of protein drugs are still isolated from 
human material. The underlying conditions are either 
a lack of knowledge, or the complexity and/or cost to 
synthesize these drugs biotechnologically. 
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Abstract 
A view is presented on a number of recent developments, the 
present state and the perspectives, especially from a 
pharmacotherapeutic viewpoint, for peptide and protein 
drugs. The expanding use and the increasing experience 
create new phanacotherapeutic modalities. Peptide and 
protein drugs comprise among others proteins isolated from 
human sources, and peptides and proteins made by 
biotechnology including monoclonal antibodies, 
recombinant human hormones, cytokines and growth 
factors. In the field of vaccine development also innovation is 
taking place. 

Optimal apphcation schemes of these drugs may not have 
been reached and (clinical) pharmacists should contribute to 
the optimization. Since recombinant technology has 
abolished scarcity for a number of these drugs - especially 
‘physiological’ substances -special ethical problems 
regarding an unlimited application or expansion of the 
indications may arise. 
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Table I Survey of o number of today’s biotechnology products 

Generic name Trade name(s) 

human insulin Actrapid, Humuline, Infusat, 
Isuhuman, lsumuman Rapid, 
Velosulin 

Application 

endocrinology 

somatropin Cenotropin, Humatrope, 
Norditropin, Zomacton 

endocrinology 

interferon a-2a Roferon-A 

interferon cz-2b lntron A 

interferon gamma-lb lmmukine 

tissue plasminogen activator (t-PA) Actilyse 

haemophilus b Act-HI6 
conjugate vaccine - HibTlTER PedvaxHlB 

hepatitis B-vaccine HB-VAX-DNA 

muromonab-CD3 Orthoclone OKT, 

aldesleukin Proleukin 

granulocyte colony-stimulating factor 
(filgrastim) Neupogen 
(lenograstim) Cranocyte 

granulocyte macrophage 
colony-stimulating factor 
(molgramostim) Leucomax 

epoetin Eprex 

hematology, oncology 

hematology, oncology 

immunology 

cardiology 

immunology 

immunology 

immunology 

oncology 

hematology, oncology 
hematology, oncology 

hematology, oncology 

surgery, hematology, 
nephrology, oncology 

recombinant factor VIII Kogenate, Recombinate hematology 

from human donor blood as well as the use of blood 
clotting factors have intensified dramatically. The 
therapeutic use of intravenous immunoglobulins 
dates back to the description of agammaglobulinae- 
mia by Bruton in 1952 [lo], prompting the transfer of 
humoral immunity by immunoglobulin preparations, 
which now exist as effective and safe preparations. 
Remarkably, these preparations, intended as a supple- 
mentation in IgC-deficient patients, also appear to be 
of use in a number of autoimmune deficiencies. In 
recent years, the use of WIG has largely increased in 
neurological diseases with a presumed immunologi- 
cal etiology. WIG is probably acting by immunomod- 
ulation and by binding auto-antibodies of the patient 
in competition with the auto-antigen [ll]. The effica- 
cy of a therapy with IVIC in the Cuillain-Bar@ syn- 
drome is sufficiently confirmed [12], and also in 
chronic inflammatory demyelinating polyneuropathy 
[13]. Controlled clinical trials will have to clarify the 
value of WIG in myasthenia gravis and other neuro- 
logical diseases [13]. 

The use of blood clotting factors also has intensified 
in the past years, due to more intensive treatments 

and the use of specific blood fractions rather than the 
whole blood. Especially factor VIII (antihemophilic 
factor) preparations have changed and a recombi- 
nant preparation is now available (Kogenate@), in 
addition to preparations of human origin, purified 
with the aid of monoclonal antibodies (e.g. 
Monoclate@, Haemate PO). 

Replacement of a,-antitrypsin (AAT) in patients 
with MT-deficiency for the treatment of pulmonary 
disease is still implemented by an AAT concentrate 
derived from human fractionated plasma 
(Prolastin@)[l4], although the experimental use of a 
preparation by recombinant DNA technology has 
been described [15 16 171. 

Peptides and proteins made by biotechnology 

Monoclonal antibodies 
Through the development of the hybridoma technol- 
ogy by Kijhler and Milstein [I 21 it became possible to 
produce identical, monospecific antibodies in almost 
unlimited quantities. These monoclonal antibodies 



are, in contrast to polyclonal antisera, directed 
against a single antigenic determinant and are con- 
structed by the fusion of B-lymphocytes, stimulated 
with a specific antigen, with immortal myeloma cells. 
The resultant hybridomas can be maintained in cul- 
ture and are capable of producing large amounts of 
antibodies. From these hybrid cells a specific cell line 
or clone producing monospecific immunoglobulins 
can be selected. 

In the 1980s these monoclonals were expected to 
provide a tremendous potential for tumor therapy 
and immunomodulation. By coupling tracers and tox- 
ins to antibodies, tissue selective or cell specific tar- 
geting can be attained. Despite of intensive research 
and many promising results in the last decade the 
number of monoclonals in clinical practice are rather 
limited. Recently, a successful application of an 13’1- 
Bl (anti-CDZO) antibody therapy with autologous 
stem cell transplantation for relapsed B cell lympho- 
mas was reported [18]. 

In clinical trials antigenic modulation on tumor cell 
surface and anti-murine antibody responses are fre- 
quently reported as complicating factors [19 201. The 
success of antibody targeting is dependent on a). the 
binding capacity i.e. specificity and affinity and b). 
the accessibility of the antibody to the target antigen. 
Many monoclonals directed against tumor associated 
antibodies are not entirely ‘tumor-specific’ but cross 
react with normal tissue. 

For the unconjugated monoclonal antibodies in 
clinical use rather diverse applications exist. 
Muromonab (Orthoclone OKT3@) is a potent immu- 
nosuppressive agent used successfully in organ trans- 
plantation. However, its utilization is limited due to 
the development of antimonoclonal sensitization of 
this murine lgG2a antibody (HumanAntiMouse- 
Antibodies) [21]. Nebacumab (Centoxin@), an anti- 
endotoxin, has been launched as an agent that could 
reduce high mortality rates in gram negative sep- 
sis/shock [22 231. Unfortunately the recently 
observed increased mortality in a patient subgroup 
led to complete withdrawal from the market [23 24 
251. Abciximab (ReoPro@) is a chimeric monoclonal 
antibody Fab fragment with antithrombotic activity 
through the inhibition of platelet aggregation. It 
seems to have therapeutic potential in ischemic heart 
disease [26]. 

Recently, the role and pharmacotherapeutic mod- 
ulation of tumor necrosis factor-a (TNF-or) in a num- 
ber of autoimmune diseases has come into focus 
(inflammatory bowel disease [27], rheumatoid 
arthritis [28]). Clinical trials with a monoclonal anti- 
body against TNF-a (cA2) [29] are under way and 
seem, at least on the short term, promising. 

Several monoclonal antibodies coupled with radio- 
nuclides have been found in routine clinical applica- 
tion in diagnostic nuclear medicine whereas radioim- 
munotherapy and immunotherapy with targeted 
cytotoxins is mainly confined to clinical trials [30]. 
One of the first monoclonal antibodies approved in 
Europe was Myoscint@, an antimyosin used for the 
assessment of myocardial infarction. Diagnostic imag- 
ing with monoclonal antibodies appears to have cer- 
tain advantages in the staging and early detection of 
recurrences of colorectal and ovarian cancers [31 321. 
On the other hand, many studies have failed to dem- 
onstrate radioimmunoscintigraphy to be superior to 

Table 2 Monocfond on tibodies used OS fmaging agents in clinical diag 
no&c nucfear medicine 

Monoclonal antibody Trxfe mark Genedc name 

antimyosin Mpscint imciromab 

antifibrin 

anti-GA ImmunoRAlD 

anti-Cm Scintimmun CEA 

anti-OCI 25 lndimacis 

antimelanoma 

anti-TAG72 

Tecnemab KI 

Oncoscint satumonab 

other diagnostic modalities. A number of imaging 
agents is summarized in Table 2. 

Experience over the last decade has helped to 
understand the advantages and limitations of mo- 
noclonal antibodies, which has led to a variety of 
‘designer’ antibodies, such as chimeric and human- 
ized antibodies, immunoadhesins, single-chain anti- 
gen binding proteins and hypervariable region pep- 
tide molecules (molecular recognition units) thus 
optimizing specificity and affinity, increasing target 
accessibility and decreasing immunogenicity [33]. 

Somatropin (recombinant human growth hormone) 
Recombinant human growth hormone is a registered 
drug since about 1986 and its use has been described 
in a number of reviews and monographs. Roughly, its 
action may be characterized as influencing protein, 
carbohydrate and fat metabolism. Presently, the reg- 
istered indications for r(hu) growth hormone are the 
treatment of growth retardation in children due to 
diminished or absent secretion of growth hormone, 
and of growth retardation associated with Turner’s 
syndrome. In adults, growth hormone is used for the 
treatment of the effects of late onset growth hormone 
deficiency [34 35 361. Besides, anabolic effects are 
described after the administration of growth hor- 
mone in (elderly) patients in bad nutritional condition 
(having among others a deficient growth hormone 
secretion). 

The formally registered indications for the use in 
children are limited, but in practice an increasing 
number of applications is proposed, making a good 
case for eventually administering growth hormone to 
every child of short stature [37]. The growth response 
of a child, however, depends on a number of factors, 
like pretreatment growth velocity, the dose of growth 
hormone used, the frequency of administration and 
the condition during the treatment [38]. To date, no 
hard predictive parameters are known [39]. It should 
be borne in mind that administering growth hor- 
mone to children other than those with growth hor- 
mone insufficiency, rarely results in a consistent 
increase in growth velocity over the years and may 
even shorten the growth period. Children with intra- 
uterine growth retardation grew faster, but without 



change in final height prediction [40]; in a group of 
children with idiopathic short stature divergent results 
were attained, without an improvement of the mean 
final height. Many patients with Turner’s syndrome 
do not display a growth hormone deficiency and their 
response on CH should be regarded as growth veloc- 
ity increment, caused by acromegalic high growth 
hormone concentrations that - on long-term admin- 
istration - are not presumed to be devoid of harmful 
effects [41]. 

Dornase-alfa 
Dornase-alfa is human DNA-se prepared by recombi- 
nant biotechnology, expressed in Chinese hamster 
ovaries. Dornase-alfa is greatly homologous with 
bovine DNA-ase I, that was used some decennia ago. 
Presently, dornase-alfa is available for use in cystic 
fibrosis [42]; as to other indications (namely acute 
exacerbations of chronic bronchitis) clinical trials 
seem to be disappointing. 

Plasminogen-activators 
Plasmin is an enzyme that dissolves the fibrin of a 
blood clot. Thrombolytic drugs are activators of the 
conversion of the inactive proenzyme plasminogen to 
the proteolytic enzyme plasmin. This property has 
been applied therapeutically and its efficacy was dem- 
onstrated in patients with myocardial infarction, deep 
vein thrombosis, and pulmonary embolism. 
Thrombolytic agents are streptokinase, a nonenzy- 
matic protein isolated from the broth of Lancefield 
group C strains of beta-hemolytic streptococci [43], 
anistreplase (APSAC) [44] and alteplase (r-VA) [45]. 
Reteplase [46], urokinase and r-single chain urokinase 
(saruplase) are also in (experimental) use [47 481. 

A number of important trials on thrombolytic ther- 
apy has been performed (e.g. CISSI-2 [49], ISIS-3 
[SO]); the most recent is the GUSTO [Sl] and it is 
clear that drug-induced thrombolysis in myocardial 
infarction is a major contribution to therapeutics [52 
531 whereas the advantages of alteplase over strep- 
tokinase are only minimal in therapeutic outcomes. 
However, the pharmacokinetics of these drugs have 
not been meticulously explored until now; better 
results due to optimization of posology seem to be 
possible [54]. The development of antibodies to 
streptokinase is an issue which has recently been dis- 
cussed [Xl. It was concluded that the marked 
immune response to an administered dose of strep- 
tokinase may preclude a second dose for many years. 
Clinical trials are needed to determine whether this is 
a real clinical problem. In the meantime it should be 
borne in mind that this highly effective therapy might 
be ineffective in those patients receiving streptokinase 
for a second time. A practical rule would be not to re- 
administer streptokinase later than 4 days after the 
initial dose until it has been shown that the immune 
response is not of practical importance. 

Cytokines and growth factors 
The cytokines comprise a rather diverse class of signal 
polypeptides which represent a major communica- 
tion network in living organisms [56 57 581. They act 
as autocrine, paracrine and endocrine hormones and 
are involved in the regulation of a variety of physio- 
logical and pathological conditions, such as normal 
and malignant cell growth, recognition and elimina- 

tion of pathogens by immune cells and inflammation. 
According to recent views a number of cytokine fami- 
lies may be distinguished, such as the hematopoietin 
(cytokine) receptor superfamily and the tumor necro- 
sis factor/nerve growth factor (TNF/NCF) superfamily 
[591. 

Recent reviews have been published [58 601 on 
interleukins. Interleukin-1, -2, -3, -4, -6, -11 have 
been tested in clinical trials [61]. Dose-dependent 
effects on numbers of peripheral blood cells and 
recovery from bone marrow failure have been dem- 
onstrated for IL-l, -3, -6 and -11. Investigations in the 
immunomodulatory activities have proved to be diffi- 
cult, mainly because key mechanisms for successful 
treatment of malignant disease by immunomodula- 
tion are not clearly defined and the methodology for 
assessment of immuno-stimulatory effects is not well 
established. For IL-2, besides treatment of renal cell 
carcinoma and malignant melanoma, no successful 
trials have been reported [62]. As phase I clinical trials 
with IL-l, IL-4 and IL-6 have just been completed, it is 
to early to conclude on their therapeutic potential. 

Growth factors produced by recombinant DNA 
technology are now being used clinically and include 
GM-CSF, G-CSF, interleukin-3, M-CSF, SCF (stem cell 
factor) and epoetin. The comparative in vivo proper- 
ties of G-CSF and GM-CSF preparations are summar- 
ized in recent reviews. The focus of clinical research 
has been to determine whether CSFs can mitigate 
cancer and cancer-therapy related side-effects, aug- 
ment non specific mechanisms of host-resistance and 
indirectly improve antitumour responses and survival 
by reducing toxicity, thus allowing use of the maxi- 
mum tolerated doses of conventional chemotherapy 

[631. 
A number of rather exhaustive reviews [64 65 66 

671 has been published on the myeloid haemato- 
poietic growth factors, discussing the G-CSFs filgras- 
tim and lenograstim, and the GM-CSFs molgramos- 
tim and sargramostim (the latter not available in 
Europe). The relevance of structural differences 
between the non-glycosylated (filgrastim and molgra- 
mostim) and glycosylated (lenograstim and sargra- 
mostim) species is also addressed [64 651, and this 
subject is in most cases still a matter of debate [68]. 
For filgrastim [69] and lenograstim 1701 there are no 
clinical studies which directly compare these two G- 
CSF’s, but there are no indications that the degree of 
glycosylation or the addition of an extra, terminal 
methionine residue as (in filgrastim) affects efficacy or 
tolerability. This is in contrast with GM-CSFs where, at 
least in vitro, the non-glycosylated species display the 
greater activity. Clinical studies are lacking here too, 
but it is reasoned that the higher incidence of adverse 
effects, seen with molgramostim, may reflect its high- 
er potency. Application of myeloid growth factors 
may be divided in accepted clinical applications and 
experimental uses [64]. Generally, restrictions to the 
indications for use are vigorously imposed [71 721. 

Safety and toxicity appear to differ among the CSFs 
currently available. Up to now it might be stated that 
filgrastim would appear to be the drug of choice, 
although lenograstim might have a similar toxicity 
profile to that of filgrastim. A special issue might arise 
from the use of G-CSF preparations in healthy human 
donors to mobilize peripheral blood stem cells (PBSC) 
for allogenic transplantation into recipients. Apart 



from the lack of experience on the repeatability of the 
use of these donors as generators of PBSCs, there is an 
ethical question whether and, if so, to what extent, 
humans may be used as a generator of these cells. 

The use of epoetin and its extension to non-renal 
conditions has recently been extensively reviewed [73 
741. 

Vaccine5 
The classic concept of a vaccine derives from the area 
of viral vaccines. Virus vaccines and vaccine develop- 
ment have recently be reviewed [75]. 

Two types of ‘classical’ viral vaccines may be distin- 
guished: either virulent virus particles that have been 
inactivated or live particles of virus strains that have 
been alternated or weakened. These vaccines are sup- 
posed to no longer cause disease but still be able to 
immunize against virulent strains. Accidents may 
occur, however, especially when one or more virus 
particles have escaped inactivation. Moreover, con- 
tamination deriving from the animal cells where the 
vaccine has been grown, may elicit adverse reactions 
in some recipients. Since the surface proteins of the 
virus particles are the major antigens that induce 
immunity, it was realised that it should be possible to 
use these surface proteins instead of the virus parti- 
cles. A novel approach to immunization is presented 
by DNA vaccines. DNA vaccines provide protective 
immunity by the expression of a foreign protein with- 
in the host. Host cells appear to take up the DNA after 
direct DNA inoculation, express the encoded antigen 
and present it to the cells of the immune system. 
Thus, the immunogen is synthetized within the host 
by cells which have taken up the antigen-encoding 
DNA. The in vivo protein synthesis allows the process- 
ing, modification and presentation of the antigen to 
the host’s immune system in a manner that would be 
similar to that which would occur during a natural 
infection. The promises of this new approach were 
recently described [76], albeit that the source of DNA 
(and its purity) was a matter of concern. 

For viral vaccines, individuals are immunized 
against viral agents before encountering the patho- 
genic virus. Such a strategy is feasible with viruses 
because viral genomes are relatively simple, with a 
limited number of defined antigens. This does not 
apply to tumor vaccines as most tumor cells are weak- 
ly antigenic. lmmunodeficient and immunosup- 
pressed patients develop more tumors of certain tis- 
sues. In contrast to viruses, for most tumors the 
potential universe of antigens can be virtually unlimi- 
ted. Therefore, in the case of tumor vaccines, the 
most common clinical setting is one in which induc- 
tion of a systemic immune response by the vaccine 
must occur subsequent to, rather than before, the 
antigenic insult. The (experimental) use of cancer vac- 
cines is still at its infancy. In up to 90% of the cases of 
carcinoma of the uterine cervix the human papilloma 
virus (HPV) is found in the tumor [77]. Recent devel- 
opments in molecular virology and immunology have 
allowed the detection of HPV peptides that can be 
used to elicit an immune response [78]. In an animal 
model system a vaccination protocol utilizing HPV 
peptides has been developed which effectively pre- 
vents the outgrowth of HPV-16-induced tumors. A 
clinical trial in humans, based on these findings, is 
now under way investigating the feasibility of an ulti- 

mate goal: the development of antigen specific vac- 
cines for cancer chemotherapy [79]. 

Gonadotrophin - releasing hormone agonists 
The development of these, synthetically prepared, 
superactive analogues of gonadotrophin-releasing 
hormones (CnRH) may be regarded as an important 
pharmaceutical contribution of the last two decades. 
This class of drugs is successfully employed in the 
management of precocious puberty, ovulation induc- 
tion, prostatic cancer, premenopausal breast cancer, 
endometriosis, uterine leyomata, and for the pretreat- 
ment of female patients undergoing laparotomic, 
vaginal or endoscopic surgery. Studies to further 
expand the indications are ongoing. 

All drugs of this category are capable of inducing 
profound pituitary and gonadal suppression when 
given in a proper dosage. Complications or adverse 
effects from overdose have never been reported [80]. 
On the other hand inadequate suppression, due to 
low dose or hampered absorption is possible; border- 
line dosing should be avoided. 

Other pituitary and hypothalamic hormones, that 
have come into use in the past 5 - 10 years are 
somatotropin (1986), corticoreline (Corticobiss) 
(1989)‘ octreotide (1989), somatoreline (CHRH; 
Somatobiss) (1986). 

General implications for pharmoceuticol scientists and 
pharmacists 
The intensification of the use of biotechnology drugs 
has often been discussed in relation to pharmaco-eco- 
nomics and it has been stated that pharmacists will 
find themselves in a position to have to reconciliate 
the application in therapy of these highly effective 
technologies with the economic constraints of the 
imposed drug budgets. The same might apply to the 
intensification of the use of peptide or protein drugs 
from other sources. Even now, where many of these 
drugs are still in clinical trials (and therefore supplied 
at no cost), the expenditures for peptide and protein 
drugs, comprise 20-25% of our hospital’s annual 
drug budget (1994). 

However, it will be clear that other points of inter- 
est and involvement also arise. It should be realised 
that, in a pharmacological respect, peptides are still 
largely underinvestigated, in respect to the impor- 
tance of their signaling functions. Several reasons may 
be put forward but the most important may be that 
the methodology to study these substances is rela- 
tively recent: solid phase peptide synthesis and immu- 
noassays as well as immunocytochemical localization 
techniques using monoclonal antibodies. 

Bioavailability and stability problems are also of 
major importance. New technologies offer opportu- 
nities for pharmacists to become involved, not in the 
least in designing and manufacturing processes. 
There is no reason why pharmacists should not adapt 
their education, become involved and be able to take 
responsibility. Clinical pharmacy is another field of 
interest that emerges: some of those drugs are suited 
for self-administration at home (e.g. filgrastim) while 
others require hospitalization. Dosing schedules may 
be improved and need further clinical investigation 
(e.g. thrombolytic agents). Much work is also to be 
done in the field of delivery and targeting of these 



drugs. Developments in the field of medical devices 
and home care for the classical drugs will also apply 
to these new drugs. The availability of physiological 
substances, not available until recently, gives rise to 
ethical problems in some instances, especially with 
regard to the limits of ethically justified use (e.g. 
growth hormone, colony stimulating factors), or 
abuse (epoetin). Despite the huge amount of new 
preparations in development, some lessons from 
recent history may be learned when assessing real 
progression. In e.g. the last 10 years, many peptides 
and proteins regarded as promising and potentially 
important finally did not turn up as pharmacothera- 
peutics. From a list of 22 potentially important drugs 
[81] only about one third have come into today’s 
practical use. 
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