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Abstract :    Thirty-five years ago we produced a poliovirus vaccine in cultured normal human cells and 

demonstrated its efficacy and safety in children. This was the first human biological ever pro-
duced in a normal human cell population. The major advantages of using a normal human 

diploid cell strain over the primary monkey kidney cells then used were safety and standardi-
zation. A normal human cell strain derived from a single tissue can be cryogenically preserved, 

extensively tested, and then used as the substrate for the production hundreds of millions of 
vaccine doses. This cannot be done with a primary cell population. Today, hundreds of mil-

lions of people worldwide have benefited from vaccines produced in cultured normal human 

cells. For example, all of the rubella vaccine used in the Western Hemisphere is produced in 
my human diploid cell strain WI-38. 

   Because biological systems could not be patented in 1962, I brought a law suit against the 

NIH and the United States Department of Health, Education and Welfare who claimed title to WI-
38. After six years of litigation, a settlement was reached confirming my position that legal title 

to self-reproducing biological systems should be vested in those whose intellectual property 
rights provide value to the system. 

   Because some essential molecules needed to benefit humans will probably only be capable 

of manufacture in human cells, it is inevitable that human cells or tissues will be used increasingly 
for the production of human biologicals. The direct use of more human organs and tissues is 

also inevitable when cultural barriers fall as a result of the realization that the use of human 

tissue, that would otherwise be discarded, can be defended on the basis that it could be used to 
save or better another human life.
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I have been asked to discuss three related 
subjects, (1) the history of the use of human cell 
cultures in the preparation of human biologicals, 

(2) the question of ownership of human biological 
materials and, (3) what the future might hold in 
respect to both the use and ownership of human 
cells. I have been specifically asked to empha-
size my personal experiences with these issues. 
This is a huge assignment and because of the
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limitations of space I will only discuss the highlights 
of this large topic. More detailed historical treat-
ments of these subjects have been published1.2.31. 

   In 1962 we produced the first poliovirus vac-
cine in cultured normal human cells and demon-
strated its' efficacy and safety in children41. This 
was the first human biological ever produced in a 
normal human cell population. In later years this 
vaccine received the approval of the national 
control authorities of Yugoslavia, France, Germa-
ny, the United Kingdom and the United States. 
Although scientists from the Japan Poliomyelitis 
Research Institute in Tokyo came to my laboratory 
in the late 1960's to learn how to manufacture this 
vaccine in Japan, it was never licensed for use in 
this country. 

   The history of cultured cells used for the pro-
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duction of human biologicals had its beginning in 

the early 1950's with the discovery by Enders, 

Weller and  Robbins5) that the polio virus could 

replicate in non-neural human cells in vitro. This 

discovery showed that it might be possible to pro-

duce a poliomyelitis vaccine. In less than ten 

years Salk, Koprowski and Sabin each showed 
that a safe and efficacious vaccine against polio-

myelitis could be made in primary cultures of mon-

key kidney cells. Thus, cultured cells were first 

used for the manufacture of a human biological 

with the production of human virus vaccines. 

   It is only since the early 1980's that abnormal 

immortal cell cultures have been used for the 

manufacture of other human biologicals that 

resulted from recombinant DNA technology and 

the production of monoclonal antibodies. How-

ever, I will only discuss the use of normal mortal 

human cells for the production of human biologicals 

because the principles established for their use 

led to their present universal applicability. 

   In 1954, while the polio vaccine was being 

developed, the Armed Forces Epidemiology Board 

in the United States ruled against the use of HeLa 

cells for the production of an adenovirus vaccine 

that was proposed by Dr. Maurice Hilleman. They 

would, however, accept "normall" cells for that 

purpose6.7). In 1959 Hilleman, believing that he 
was using an authorized "normal" human cell line 

called Henle intestine, prepared a live trivalent 

adenovirus vaccine in these cells and administered 

it to 6 adult volunteers. It later developed that the 

cell line used was probably HeLa. No untoward 

effects attributable to the cell substrate have been 

seen in these vaccinees after 25 years of follow 

up6.7). 

   A second, somewhat similar incident, 

occurred when a cell population, also later shown 

to be HeLa, was used for the preparation of an 

inactivated polio vaccine administered to 144 

people in the United States in 19598). There has 
been no published follow up report. 

   The first licensed vaccine produced worldwide 

in cell cultures was the poliomyelitis vaccine first 

made in the late 1950's. It was, and still is, pro-

duced in primary monkey kidney cells but also in 

Vero cells, my human diploid cell strain WI-38 and 

other human diploid cell strains.

   From the time that monkey kidney cells were 
first used they were plagued with problems of 
contamination with endogenous virusee. The 
viruses found in these cells during the first few 

years of use were not thought to be harmful except 
for one — the B virus. A test existed for the detec-
tion of the B virus which was known to be fatal in 
humans.    

In 1961, a few years after the poliovirus 
vaccine was approved, we described the develop-
ment of normal human diploid cell strains and sug-

gested that they be used for the production of hu-
man virus vaccines because they had many attri-
butes that made them superior to primary monkey 
kidney cells". In 1962 we produced such a vac- 
cine and demonstrated its safety and efficacy4). 
But our suggestion was not received with joy by 
the American Control Authorities. 

RECOGNITION THAT THERE IS A CLASS 
OF NORMAL CULTURED CELLS 

   Until our work in 1961, the only class of cultured 
cells considered to be safe and licensed for use in 
human virus vaccines was primary cells obtained 
by disaggregation of tissue and used without sub-
cultivation. 
   We reported that normal human diploid cell 
strains (HDCS) have several properties that make 
them useful for the production of human biologi-
cals". 

   1) If derived from human embryos, they un-
dergo about 50 population doublings. Contrary 
to the belief that this is a serious limitation, the po-
tential cell yield from 50 doublings is about 20 mil-
lion metric tons". WI-38 has been used for the 

production of licensed vaccines for over 35 years 
with every expectation that it will be used for this 

purpose for many more decades. 
   2) If derived from normal tissue, cell strains 

have the diploid karyotype unlike immortal cell 
lines which are karyologically abnormal'. 

   3) Human cell strains will not produce tumors 
when inoculated into laboratory animals or even 
directly into terminal human cancer patients'. 

   4) Human diploid cell strains can be cryo-

genically preserved. When, for example, WI-38 
which we developed in 1962, is preserved at a 

particular doubling level and then reconstituted,
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the number of doublings remaining is equivalent 

to 50 minus the number of doublings spent prior to 

 preservation"). 
   The cells have an extraordinary memory and 

"remember" at what doubling level they were 

preserved even after 35 years of storage in liquid 
nitrogen. WI-38 has been cryogenically stored 
for 35 years which is longer than any other normal 

human or animal cell population. 

   5) Human diploid cell strains have the 

broadest human virus spectrum of any cell 

population known m). Even heretofore unknown 
human viruses were discovered using these cells12). 

   We suggested that all cultured animal and 
human cells be classified into three groupsm).

PRIMARY CELL CULTURES 

   Cell populations derived from animal tissue 

that have undergone no subcultivations.

CELL STRAINS 

   Normal cell populations that have a finite 

capacity to replicate, do not produce tumors when 

inoculated into experimental animals, have the 

karyology of the tissue of origin and are anchorage 

dependent.

CELL LINES 

   Cell populations consisting of immortal cells, 

may produce tumors when inoculated into labora-

tory animals, do not have the karyology of the 

tissue of origin and can be anchorage independent.

EARLY ATTITUDES TOWARD THE USE OF 

HDCS FOR HUMAN VIRUS VACCINE MANU-

FACTURE 

   Prior to our suggestion that HDCS be used for 

vaccine manufacturem), only two classes of cul-

tured cells were recognized and therefore were 

the only candidates for substrates to be used for 

the manufacture of human biologicals. These 

were primary cell populations and immortal cell 

lines. 

   Cell lines were generally believed to be a 

dangerous candidate for the production of human 

biologicals because they had properties similar to 

cancer cells and were prohibited for use as bio-

logical substrates.

   When, in 1962, we prepared the first polio vac-

cine produced in normal human diploid cells we 

showed it to be safe and efficacious'. We sug-

gested that HDCS have definite advantages over 

primary cells for vaccine production. 
   These are: 

   1. Latent Viruses 

   Primary adult monkey kidney cells, used then 

for poliomyelitis vaccine production, harbored 

about 20 serologically distinct latent viruses, several 

of which were demonstrably lethal for humans. 

The B virus and the Marburg agent both were lethal 

for 23 people after accidental percutaneous inocu-

lation of handlers of monkeys and their primary 

kidney cultures9.13). 

   S.V. 40, known to produce tumors in rodents 

and with unknown potential to do so in humans, was 

also an early contaminant of primary monkey kidney 

cells13). This virus was, in fact, inadvertantly ad-

ministered to several million recipients of early lots 

of inactivated and attenuated poliomyelitis vac-

cines13). And, S.V. 40 is capable of transforming 

cultured normal human cells to cancer cells'''. 

   Latent viruses have never been found in 

HDCS used for the manufacture of human virus 

vaccines. Although theoretically possible to be 

found, thorough testing before use would reveal a 

contaminated HDCS strain before being used as 

a substrate for vaccine preparation. This cannot 

be done with primary cultures. 

   2. Cost of cell procurement 

   A continuous supply of primary tissue is far 

more costly than is the use of one highly charac-

terized, cryogenically stored, HDCS for the pro-

duction of a human biological. 

   3. Availability of Cells 

   The number of cells available from a single 

tissue source is very small for the production of 

one vaccine lot in the case of primary cultures but 

virtually unlimited for a HDCS. Successive vaccine 

lot production in cells from a single tissue source 

is practical with HDCS but not with primary cultures . 
   4. Cell storage 

   Cryogenic storage of primary cells is less effi-

cient because their recovery rates are inferior to 

those of HDCS. 

   5. Tumorigenicity in man 

   Several HDCS were tested for tumorigenicity
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directly in human  volunteers"), then used for the 

production of vaccines'''. The inoculation of living 
cells into human volunteers was commonplace in 

the 1950's and 1960's. 
   6. Endangered species 

   The continued capture of wild monkeys and 

the losses sustained during their transportation, 

quarantine, and subsequent use, presented a 
clear threat to their existence as a species. 

   The essential point that makes a diploid cell 

strain more attractive than a primary cell popula-

tion is the ability to thoroughly test a diploid cell 

strain before use. In a word — "standardization." 
Once standardization is achieved, cryogenic stor-

age permits the acceptable strain to be held indefi-

nitely for subsequent use. It is not possible, prac-

tical, or economic for primary cells to be handled 
similarly. Cell lines, although abnormal, also have 

the advantage of being thoroughly tested before 

use. 

   Our suggestion that human diploid cells could 

provide a safe and superior substrate for the 

production of human virus vaccines was met with 
considerable resistance for the next decade by the 

United States control authorities, (then called the 
Division of Biologics Standards). The major 

reasons for this resistance were the following:

1. Presence of hypothetical cancer viruses 
   Although no one has ever found a latent virus 

in any HDCS that might be a candidate for vaccine 

production, the theoretical possibility exists. This 
theoretical possibility can never be disproven for 
any cell population, yet latent viruses were com-
monly found in primary monkey kidney cells. Latent 
viruses, routinely found in primary monkey kidney 
cells, were never found in HDCS. 

   Latent viruses were such a problem with 

primary monkey kidney cells that a moratorium on 
the licensing and release of all poliovirus vaccines 
was called in 1967 by the Division of Biologics Stand-
ards (DBS) of the NI H (later renamed the Office of 
Biologics Research and Review and a part of the 
FDA but again renamed CYBER) because of deaths 
and illnesses occurring in monkey kidney workers 
in Germany and Yugoslavia. The responsible 
newly discovered virus was called the Marburg 
agent.

   The theoretical objection to the use of HDCS 

in which latent undetected viruses might be 

present gained further support because of the 
belief that if human cancer viruses existed, they 

would probably be specific for humans, conse-

quently the use of human cells would increase the 
risk of spread. Yet, at that time, the only known 

mammalian oncogenic viruses were DNA viruses 

and all of these were oncogenic, not in the indige-
nous species, but in foreign species (e.g. s.v.40). 

   Thus, by this argument, the use of human cells 

would be safer than the cells of other species 

because, as we pointed out, all the then known 
oncogenic viruses were oncogenic only in species 

in which the virus was never found in nature.

2. Transformation of HDCS 

   It was also suggested that even if HDCS were 

demonstrably normal, the possibility remained that 
a small number of cells could spontaneously trans-

form and become part of the pool of cells used for 

production. Although, theoretically possible, this 
has never been known to happen and, even if it 

did happen, there are sufficient safeguards in the 

testing procedures to recognize the event before 
vaccine release. The same criticism could be 

made of primary cells but this was ignored even 

though no tests are required to detect this event in 

primary cells even to this day! 
   Also, today frankly abnormal cancer cells are 

accepted by every control authority in the world 

for the production of products produced by 
recombinant DNA technology and monoclonal 

antibody technology. 

   It is very important to point out that no country 

that has licensed the use of normal human cells 
for the production of human biologicals has ever 

objected to their use on any moral basis that the 

cells were derived from a human donor. I believe 

that Japan is the only developed country that is 
reluctant to use normal human cells for research 

and for the production of human biologicals. 

However, I should say that my normal human 

diploid cell strain WI-38, is available to all 
researchers in Japan from several local cell culture 

repositories.
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ORIGIN OF THE MASTER AND WORKING 
CELL BANK CONCEPT 

   The concept of the well-characterized and 
standardized master cell bank, working cell bank, 

and the first  "Minimum Requirements" for the use 

of normal human cell strains to produce a human 
biological emerged from a small meeting con-

sisting of the late Dr. Frank Perkins, Dr. Drago Ikic, 

Dr. Hilary Koprowski and myself at a landmark 
Conference in 196316). The cell bank concept that 

we established for the use of human diploid cells 

in the manufacture of human biologicals has been 
adopted for use with the cell lines that are now 

used for the manufacture of human biologicals 

made by recombinant DNA technology and by 
other methods. 

   Also, in 1963 several WI-38 users expressed 

difficulties growing the cells that were traceable to 
variations in the medium reagents being used. 

As a consequence of this our laboratory developed 

standardized powdered medial') in multiple 
kilogram lots that were easily transported world-

wide, used by many laboratories simultaneously, 

and for which only two variables existed, — water 
and serum. The WI-38 growth problem was quickly 

resolved and now the use of powdered media has 

become commonplace. 

THE BANDWAGON STRIKES UP

   

In 1967, through the efforts of Dr. Drago Ikic, 

the first attenuated poliomyelitis vaccine produced 

in WI-38, was licensed for use by the Yugoslavian 

control authorities. In 1970 an attenuated polio 

vaccine manufactured by Pfizer Laboratories in 

WI-38 was licensed in the United Kingdom. A 

similar vaccine, produced by Merieux in France 

was licensed in 1971 and another, produced in 

the USSR, was also licensed. In 1972 Pfizer 

Laboratories was licensed to sell their WI-38 

produced poliomyelitis vaccine in the United 
States exactly ten years after our original proposal 

was made. 

   In spite of the resistance of the U.S. Control 

authority for ten years, by 1967 over one million 

people in many parts of the world had received 
vaccines produced in WI-38 orally and parenterally 

against such diseases as poliomyelitis, adenovirus

types 4 and 7, measles, rabies, vaccinia, varicella, 

and arboviruses. The results consistently demon- 

strated efficacy and safety. 

   Today, there are many licensed virus vaccines 

produced in WI-38 or similar normal human cell 
strains. These include vaccines against polio-

myelitis, adenoviruses types 4 and 7, rubella, 

rubeola and rabies. Hundreds of millions of 

people worldwide have by now been inoculated 
or fed vaccines produced in human diploid cell 

strains with no reports of untoward effects traceable 

to the cell substrate itself.

FROM CELL STRAINS TO CELL LINES

   Now that the use of human diploid cell strains 
in the production of human biologicals has become 
commonplace the final step in the evolution of cell 
substrate usage occurred in the mid-1980's. That 
is, the use of abnormal cell lines for the production 
of human biologicals. This became necessary 
much sooner than many of us had expected 
because many of the important products emanating 
from biotechnology laboratories are biologically 
active only when made in mammalian cell lines. 

   The chief objection to using cell lines as a 
substrate for production of human biologicals was 
the same objection that was so vigorously held by 
those who first opposed the use of human diploid 
cell strains. That is, the possibility that the cells 
may contain a latent cancer virus. In addition to 
this, all cell lines, by definition, are karyologically 
abnormal and some produce tumors when inocu-
lated into laboratory animals. 

   Nevertheless, these objections have been 
overcome by utilizing cell lines that do not produce 
malignancies when tested in animals and by vali-
dating the manufacturing process such that the 
likelihood of biologically active DNA sequences or 
unwanted proteins surviving from the cell substrate 
is not possible. 

   Thus, the evolution of modern process tech-
nology for human biologicals and the means for 
validating the absence of unwanted DNA and 

protein has evolved to the point where now any 
cell can be considered safe. Indeed, there are 
now many licensed human biologicals that are 

produced in cell lines. To the best of my knowl-
edge only one is produced in a human cell line.
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That is the interferon produced in the  Namalwa 
human lymphoblastoid cell line and licensed in the 
United Kingdom and Canada. 

   Animal cell lines, usually CHO, are used to 

produce several human biologicals including rabies 
vaccine produced in the Vero cell line and licensed 
in France and Thailand, inactivated poliomyelitis 
vaccine produced in the Vero cell line and licensed 
in France, Belgium and the United States, monoclonal 
antibodies to prevent transplantation rejection and 

produced in a mouse hybridoma cell line and 
licensed in the United States, tissue plasminogen 
activator produced by Genentech in a CHO cell 
line and licensed in the United States and many 
other countries, and as a final example, erythropoietin 

produced in a CHO line by Amgen and also 
licensed in the United states and many other coun-
tries. These are early examples of licensed human 
biologicals produced in either human or animal cell 
lines. Today, this list can be expanded consider-
ably. 

   It was at one two-day period in July of 1986 
that several hundred biologists, meeting under the 
auspices of the FDA in Washington, D.C., reached 
the conclusion that cultured, immortal, vertebrate 
cell lines were acceptable substrates for the 

production of human biologicals. What is significant 
about that decision is that, unlike all currently 
accepted cell substrates used for the production 
of biologicals these transformed cell lines are 
known to be abnormal in one or more properties. 

   Thus ended an odyssey that began more than 
45 years ago. I am frankly astonished to observe 
that after the ten years of debate on the risks of 
moving from primary cells to human diploid cell 
strains, which unlike cell lines are absolutely nor-
mal, that the time required to make the final leap 
from normal cell strains to abnormal cancer cell 
lines occurred literally in a matter of hours in 1986. 
I doubt that this occurred because of a lessened 
interested in safety. I think that the rapid accept-
ance of abnormal cell lines was driven by two 
considerations : (1) immortal cell lines are the only 
cells that are commercially exploitable by the 
recombinant DNA industry and (2) down stream 

processing of products is so sophisticated and the 
purity of final products so well determined that the 
likelihood that a cancer causing entity would

escape detection is near zero. 

   When I look back at the historical develop-

ments that led to the use of cell substrates for the 

preparation of human biologicals one point stands 
out as the most significant in respect to safety. 

That point is that only primary cell cultures and 

primary tissues have been the source of all cell 
substrate related problems in the past. These 

safety problems have all concerned viral contami-
nation. 

   For example, poliomyelitis vaccines were 

contaminated with S.V. 40 from primary Rhesus 
monkey kidney cells, yellow fever and influenza 

vaccines contained avian leukosis virus from chick 

embryos, human plasma albumin contained hepa-
titis B, transplanted corneas contained rabies 

virus, growth hormone from human pituitaries con-

tained the agent of Jacob-Kreutzfeld disease, 
human blood contained HIV, and human plasma 

derived factor VIII transmitted HIV. Currently, we 

are worried about the virus of bovine spongioform 

encephalitis which is not found in the cell substrate 
but could occur in the bovine serum in which cells 

are grown. 

INTELLECTUAL PROPERTY RIGHTS    

I would like now to discuss the second of my 

three assignments : the question of ownership of 
human cell cultures, tissues and organs. 

   In 1975 an incident involving WI-38, occurred 

that was to have a profound effect on our concept 

of intellectual property rights and the emerging 
biotechnology industry. That incident involved 

the ownership, or title, to WI-38 specifically. But, 

generically it involved title to all self-reproducing 
systems. When we first described the human 
diploid cells, efforts were made by the Wistar 

Institute, where I worked, to patent them. But, the 

U.S. Patent Office held that no patent law covered 
living systems like these cells. WI-38 was the first 

normal human diploid cell strain developed by me 

in 1962 and subsequently widely used for research 

and vaccine production. 
   In 1962, because of the enormous demand 

for WI-38 starter cultures, many of whom were NIH 

grantees, the NIH provided us with a contract to 
"Produce , Store and Distribute" WI-38. Many 

original ampules were given gratis to commercial
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cell culture manufacturers, pharmaceutical  com-

panies, and cell repositories in Europe, and the 
U.S.S.R. In the 35 years since WI-38 was 
established it has been conservatively estimated 

that WI-38 starter cultures sold by cell culture 
manufacturers alone have grossed well over one 

hundred million dollars. In addition, vaccine 

manufacturers worldwide who have used WI-38 
obtained from vested in them, their institutions, or 

the donors of cells destined for commercial use. 

But, there was incredible irony and injustice in this. 

Commercial organizations, and even Eastern 
block countries could, and did, freely obtain WI-

38 from me and sold or used them to generate 
enormous profits. Yet the academic institutions, 

the federal government, the donor and even we, 

the scientists who actually developed the cells and 

provided them with value, were forbidden from 
benefitting. 

   Our fellow academic scientists in electronics, 

physics, computer sciences and chemistry had 
long since learned that there was nothing unethical 

or wrong in turning their intellectual property rights 
into commercial products for the benefit of the 

public, their institutions or themselves. Until 
1975, the mentality of biological scientists was in 
the stone-age in respect to profiting from their 

discoveries when compared to colleagues in other 

sciences. Biologists simply gave away to others 
what they discovered and the recipients of their 

largesse often profited immensely. Because what 

was given away was self-duplicating the situation 

was unique in law, science and in economics.    
In 1975 in an effort to settle the then unique 

question of title to a self-duplicating system, I took 
the first initiative and asked the Director of the NIH 
to make a definitive determination of my title to the 

WI-38 cells. The NIH distribution contract had 

ended years before and I had no support to store 

or distribute the cells. The costs of storage, pack-
aging, distribution and record keeping were not 

trivial. Consequently, I charged prices similar to 

those charged by the American Type Culture 
Collection for starter cultures of WI-38. 

   Instead of sending a lawyer, and/or a scientist, 

who might understand the complex and unique 

circumstances of my claim, the NIH Director sent 

an accountant who, failing to understand the law,

the science, or the larger issues of both law and 
science, prepared a report in which he concluded 
that I had misappropriated government property 
and sold it for personal gain'. 

   In 1976, I decided to challenge this absurdity 
by filing a law suit against the then Department of 
Health, Education and Welfare and the NIH in 
which I claimed title to WI-38. During the seven 

years that my litigation against the United States 
government was underway two crucial events 
occurred. 

   In 1980, the patent laws dramatically changed 
with the Diamond vs Chakrabarty decision19). 
This United States Supreme Court decision opened 
the way for the eventual patentability of microor-

ganisms and cell populations. The second crucial 
event was the emergence of the biotechnology 
industry. In the late 1970's a living culture was 
simply taken from an academic institution to a new 
biotechnology company and utilized in industrial 

processes. Many of these cultures were devel-
oped with full or partial support from NIH grants or 
contracts. 
   During my litigation against the United States 
dozens, if not hundreds, of examples occurred of 
self-duplicating biological materials, produced in 
whole or in part with government funds becoming 
exploited commercially and with no benefit to the 

government, the donor, or in many cases, the 
inventor.    

It has only been in recent years that the NIH 
and the entire scientific community of biologists 
have come to appreciate what we pioneered in our 
lawsuit filed 22 years ago. 

   After seven years of litigation I am pleased to 
say that the NIH represented by the Justice 
Department came to me in 1981 with an offer for 
an out-of-court settlement. The NIH realized that 
they could not win the suit that I filed against them 
because my position had by then been adopted 
by a majority of biological scientists including 
many at the NIH itself'''. 

   The settlement provided that (1) some of the 
original ampules of WI-38 confiscated without my 

permission from my laboratory would be returned 
to me, (2) all funds realized from the sale of WI-38, 
with interest, belonged to me, (3) WI-38 which until 
then could be sold by anyone except its inventor
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could now be sold by its inventor, and (4) title to 

 WI-38 was not vested exclusively with the gov-

ernment as the NIH had insisted was true but that 

my claim to title was equally meritorious20).    

I should add that the funds won in this 
settlement, plus much more, were all consumed in 

paying the costs of the litigation. 
   Many believe that one compelling reason why 

the NIH came to me with the offer for an out-of-
court-settlement was because attitudes toward the 

intellectual property rights of biologists was 

changing rapidly. This occurred because of the 

phenomenal growth of the biotechnology industry 
at that time and the general awareness of their 

heavy dependence on the exploitation of biological 

materials developed in universities with NIH funds 

and appropriated on a massive scale by these 
emerging companies. 

   Many believe that had we not prevailed in our 

litigation, that the current status of title to new life 

forms developed in whole, or in part, with federal 
funds would be quite different. Title to hybridoma 

populations, unique cell populations, plasmids, 
and life forms expressing new recombinant DNA 

properties is now vested in the institutions or the 
scientists who developed them regardless of 
federal support. 

   Several attorneys representing scientists and 

new biotechnology companies claiming title to self-

duplicating systems intended to provide legal 
briefs in our support if our case had ever gone to 

trial. If we had lost our suit it is probable that the 

assignment of patent and property rights by the 

government would have been quite different than 
it is today21). 

   Our position received its greatest support 

from action by none other than the President of the 

United States. In 1983 President Reagan instructed 

federal agency heads that all businesses should 

be able to retain patent rights on inventions made 
in the course of government funded research and 

development work. He said that the adminis-
tration takes the view that giving the private sector 

clear title to patents on inventions developed under 

federal contracts and grants will lead to more rapid 

commercialization of new products and processes 

and combat the slump in U.S. productivity and 
competitiveness'.

   This revolutionary policy has evolved to the 

point where now, not only are businesses able to 
profit from Federally funded research and develop-
ment work, but so also are government employees 
themselves! Today these employees not only 
avoid prison (which would have been their fate 

prior to the 1970's) but are celebrated by the gov-
ernment and entitled to a maximum of $100,000 
annually in additional recompense for their intel-
lectual property rights! 

   Today, many scientists and their institutions 
legitimately profit from the sale of self-duplicating 
materials that they have developed with or without 
federal support23). I support this. The attitude 
today is exactly opposite to what I experienced in 
1976. Today if you do not hold a patent on a cell 

population, plasmid or microorganism, or you are 
not a stockholder in a company that exploits such 
materials, you are a failure in cell biology or mi-
crobiology. Indeed, more than one-third of the 
biomedical members of the U.S. National Acade-
my of Sciences have formal ties to both corporate 
and academic institutione).

THE FUTURE

   

I have been asked to end this discourse with 

some thoughts about the future use of human cells 
for the production of human biologicals. I believe 

that efforts should be made to find cell lines other 

than CHO for the production of human biologicals. 
   The major reasons for seeking cell lines other 

than CHO is the likelihood that we may soon find 

that important human proteins may only be capable 

of assembly in human cell lines or strains. The 
reason for this speculation is that you would expect 

a human cell to be better at making human specific 

proteins than would non-human cells. We should 
anticipate this development now and make every 

effort to explore the use of human cell lines. 
   There are presently several candidate human 

cell populations. These are populations derived 

from known normal human cells and immortalized 

by means other than viral. I refer specifically to 
human cell strains like WI-38 or MRC-5 which have 

been used extensively for production of human 

biologicals and that also have been transformed 
with chemicals and/or gamma radiation from a 

cobalt 60 source. Several of these populations
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exist and some, in particular, have been developed 

by one of my former students here in Japan. He 
is Dr. Masayoshi Namba at Okayama University 

School of  Medicine). 
   There is also a need in the future to develop 

human myeloma cell lines for production of human 

monoclonal antibodies and other products. Until 

now this has been difficult to do, but once success 
is achieved, the opportunities for new products 

useful to humans will be vast. 
   Because some essential molecules needed 

to benefit humans will probably only be capable of 

manufacture in human cells, it is inevitable that 

human cells or tissues will be used increasingly 
for the production of human biologicals. The 

direct use of more human organs and tissues is 

also inevitable when cultural barriers fall as a result 
of the realization that the use of human tissue, that 

would otherwise be discarded, can be defended 
on the basis that it could be used to save or better 

other human lives.
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