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On August 10", 1998, Arpad Pusztai of the Rowett Research Institute in
Aberdeen, Scotland appeared on the British TV show "World in Action." In the
course of the interview, he announced that his experiments showed that rats fed
a diet of potatoes expressing a gene coding for a snowdrop sugar-binding protein
showed stunted growth and reduced immune function (Enserink, Science
281.1184). He is further quoted as saying that he would not eat GM food and that
he found it "very, very unfair to use our fellow citizens as guinea pigs" (Lee and
Tyler, 1999).

The study made headlines around the world. According to Science’s
Martin Enserink, the Rowett Institute was flooded with calls from reporters even
before the show aired. He quotes Rowett director Philip James saying that the
Institute was faced with “a megacrisis we didn't remotely anticipate.” James is
said to have examined the experiments and found them a total “muddle.”
Pusztai’s laboratory was sealed, his notebooks were turned over to an audit
committee and Pusztai was put on indefinite leave — he was out of a job. The
audit committee’s report, released in October of 1998, concluded that Pusztai’s
data did not support the conclusion that the transgenic plants had a deleterious
effect on growth, organ development, or immune function in rats.

Pusztai, whom Rowett had been forbidden to talk to the press, got in touch
with a number of scientists and asked them to review the audit report and his
rebuttal to it, as well as a transcript from the World in Action show (Enserink,
Science 283:1094-5). On February 12 1999, Professors Edilbert van Driessche
and Thorkild C. Bag-Hansen, colleagues who had collected the responses,
issued a memorandum supported by more that 20 other scientists who had
studied Dr. Pusztai's findings (Lee and Taylor, 1999).



Their memorandum stated (the following is largely verbatim from the
WSWS website): "Those of us who have known Dr. Pusztai's work or have
collaborated with him, were shocked by the harshness of his treatment by the
Rowett and even more by the impenetrable secrecy surrounding these events. It
is an unacceptable code of practice by the Rowett and its Director, Professor
James, to set themselves up as arbiters or judges of the validity of the data which
could have such a profound importance not only for scientists, but also for the
public and its health." The memorandum concludes, "There is no doubt in our
minds that the reviews will remove the stigma of alleged fraud and will restore Dr.
Pusztai's scientific credibility."

One of the scientists who reviewed Pustzai's work, Dr. Vyvyan Howard,
foetal and infant toxico-pathologist at the University of Liverpool, told the World
Socialist Web Site, "I am working on some features of lectin toxicity and that is
how | came to know Arpad Pusztai, who is certainly one of the world's experts in
this field." Dr. Howard said that he believed Dr. Pusztai's data was (sic) sound.
"We think it would pass peer review and be published and we are at a loss to
really explain why the Rowett Institute came to the conclusion it did." Dr. Howard
added that Pusztai's findings "are of considerable importance in the current
debate on the safety and hazard assessment of genetically modified foods".

Professor S. Pierzynowski, from the Department of Animal Physiology,
Lund University, Sweden, said, " | must stress that there is enough strong
evidence that the work of the audit group was not objective and per se
dangerous, not only for Dr. Pusztai, but generally for free and objective science."
Joe Cummins, Emeritus Professor of Genetics at the University of Western
Ontario, Canada described the Rowett Institute's treatment of Pusztai as "a great
injustice", adding that the "Institute continues to look inward to cover up its
mistakes".

These eminent scientists have not only raised serious concerns about the
way research into GM food is being conducted, but that those who have
dissenting voices are being suppressed and have had their careers ruined, and
sometimes their health. Dr. Pusztai has suffered a mild heart attack brought on
by the stress caused by trying to restore his scientific reputation and the
credibility of his research. These concerns were echoed by Dr. Kenneth Lough,
FRSE, a former principal scientific officer at the Rowett Institute between 1956
and 1987. He said, "In my view the evidence presented in the audit report must
be considered as unsafe and is without justification for use against the scientific
reputation of Dr. Pusztai. The Institute is at risk in sending the wrong signals to
scientists in this field of research that any sign of apparent default will be treated
with the utmost severity. The awareness will of course act as strong deterrent to
those who wish to conduct research in this vitally important field." (end of stuff
from WSWS).

But a committee of six eminent members of the British Royal Society, set
up in April of 1999 to review the Pusztai data, reached the opposite conclusion.
The committee sent out the material they received from Pusztai, the Rowett and
other sources to scientists with expertise in statistics, clinical trials, physiology,
nutrition, quantitative genetics, growth and development, and immunology. The



committee reviewed the opinions it received and issued a summary statement in
June of 1999. The consensus of these experts was that the experiments were
poorly designed, the statistical inappropriate, and the results inconsistent. Their
recommendation was that the experiments be repeated and the results
published.

Pusztai jumped to his own defense with a detailed response
(http://www.freenetpages.co.uk/hp/a.pusztai/). He and a colleague with whom he
had worked for some years published their study in medical journal Lancet (Ewen
and Pusztai, 1999). Lancet, in turn, came under sharp criticism from a number of
quarters, including U.K.'s Biotechnology and Biological Sciences Research
Council, which called the journal "irresponsible." But Lancet’s editor, Richard
Horton, stood by the publication. Five of 6 reviewers had favored publication and
he believed that it was appropriate for the information to be available in the public
domain (Enserink, Science 286:656).

So what’s this all about? Why this titanic battle of experts? Why is
Pusztai, until this incident considered an authority on the plant proteins called
lectins, under such fierce attack? He’s written three books on lectins and
published 270 research papers. Moreover, he’d worked at the Rowett Institute for
35 years. On the surface of it, his now-controversial research was perfectly
straightforward: he fed genetically modified potatoes expressing a snowdrop
lectin to rats and looked to see whether this food affected their physiology,
particularly the gut, metabolic process and immune system. What are lectins?
Should we worry about them? Should we share Pusztai’s concern and
conclusion that genetic engineering itself results in "...... possible gene silencing,
suppression and/or somaclonal variation"?

The protein in question is called the Galanthus nivalis agglutinin after the
Latin name of the snowdrop and it is abbreviated GNA. It was originally isolated
from snowdrop bulbs and is a kind of protein that recognizes and bind to sugars
on proteins. Such proteins are called ‘lectins’ as a group. Although lectins were
first discovered in plants, they are now known to exist in animals in great
profusion (Rudiger 2000). Many proteins — in all kinds of organisms — are
decorated with sugar molecules — sometimes with long strings or branches of
several sugar molecules. Such derivatized proteins are called glycoproteins.

Each glycoprotein has a different complement of sugar molecules,
depending on what it does and where it does it. The sugar signature works like a
zip code in the cell, determining where the protein is delivered by the machinery
that produces it. When such decorations are on the surface — be it of a virus, a
bacterium, or a cell — they serve as a recognition molecules. Lectins recognize
the sugar molecules with such exquisite correctness and specificity that they
have long been used to identify what sugars are present on a protein. Today it is
increasingly recognized that the sugar ‘codes’ serve a large variety of internal
functions. One of these is recognizing disease organisms.

So, for example, it has been known for a number of years that the AIDS
virus HIV (human immunodeficiency virus) has mannose sugars on its surface
and the ability of cells to recognize these surface sugars with their own lectins is
part of the infectious process (Hammar 1995). Plant lectins like GNA, which
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recognizes mannose, bind to the virus and inactivate it. They also interfere with
its ability to infect cells (Hammar 1995). Because of its ability to bind to these
surface sugars, GNA has been used to purify the HIV surface glycoproteins,
which were in turn used to produce an immune response, albeit not much of one
(Gilljam, 1993). Similarly, Chlamydia trachomatis has surface mannose-
containing glycoproteins that allows the organism to infect cells by binding to a
surface lectin (Siridewa 1993).

Plants — no less than animals — have mechanisms for defending
themselves from microorganisms and insects. Plant produce lectins as one of
their defense strategies against insects (Carlini 2002). Indeed, a good deal of
evidence has accumulated that GNA, which binds specifically to a sugar called
mannose, is rather toxic to certain kinds of insects pests of important crop plants,
including rice (Du et al. 2000; Fitches et al., 2001). GNA does not seem to affect
ladybird beetles, considered to be a beneficial insect (Down et al., 2000),
although it does affect parasitic wasps, also considered to be beneficial insects
(Romeis 2003). Some lectins, including ricin, are quite toxic because they’re
taken up by cells and block protein synthesis (Olsnes 2001). These are called
ribosome-inactivating proteins or RIPs. But GNA doesn’t have this activity
(Batelli 1997).

Better yet, Pusztai’'s own studies showed that purified GNA wasn’t toxic to
rats (Pusztai 1990). In fact, he and his colleagues had shown that GNA had a
protective effect against bacterial infection with Salmonella, a nasty intestinal bug
(Naughton et al., 2000). All of this made the gene coding for GNA an attractive
choice for increasing the insect resistance of crop plants. To test this possibility,
the gene was introduced into a number of different crop plants, including
potatoes and rice. And it does, indeed, increase their resistance to some
important insect pests (Rao 1998; Foissac 2000). Because GNA binds to the
surface cells of insects guts and enters their blood stream, it is also thought to
have potential as a vehicle for delivering more toxic peptides to insects (Fitches
2002).

Sugar signatures are ubiquitous in biology — and as yet, we know rather
little about what they do. It is known, for example, that there are two critical kinds
of cells — the T and B cells — that must interact for the body’s immune response
to be activated. It has been reported that these interactions occur through a
mannose-containing glycoprotein and that this interaction can be blocked by
GNA (Savage 1993). Thus some of the same signature sugars central to
important cellular functions. Pathogens take advantage of essential intercellular
recognition mechanisms to gain a foothold, both by binding to the cell’s own
lectins and by evading the immune response because they resemble the cell’s
own molecules. So, for example, a lectin called DC-SIGN (dendritic dell-specific
intercellular adhesion molecule-3 grabbing nonintegrin) binds sugars on the HIV
envelope and facilitates infection of its target CD4 T cells (Geijtenbeek 2003).

The DC-SIGN lectin is referred to as an HIV ‘receptor’ because of this
specific recognition of HIV, but it is actually a universal pathogen receptor
(Geijtenbeek 2003). It normally captures viruses and other pathogens through
their sugar-containing protein molecules and pulls them into the cell, where they



are broken down and displayed on the cell surface to trigger a protective immune
response (Kooyk 2003). HIV hijacks this system. It stays intact when it binds to
DC-SIGN and rides along to be presented to its target T4 cells in an infectious
form. This is a rather effective evasion system. It makes it quite unlikely that the
body will successfully fight back by making antibodies, the body’s proteins that
recognize and destroy pathogens. This is because the immune system learns
early in life to discriminate between its own proteins and foreign proteins. But
one particular HIV glycoprotein, gp120, has a dense cluster of mannose residues
that has not been seen in any mammalian glycoprotein (Calarese 2003) and a
few HIV patients make good antibodies to this protein. Recent work on one such
antibody showed that it binds to the gp120 — the same protein to which DC-SIGN
binds to promote viral infection — in a very unusual way. Antibodies generally
recognize and bind to just one sugar residue, but this unusual antibody has an
extended structure that permits it to recognize more than one mannose residue
at a time. This is actually similar to the way that certain lectins recognize sugars
because lectins consist of two or more identical proteins, each of which has a
sugar-binding site (Hester 1996; Calarese 2003). The discovery of this unusual
antibody raises new hope for stimulating the immune system to produce anti-HIV
antibodies, immunizing people against AIDS.

But there are many kinds of lectins and they can have quite different
effects. For example, Pusztai and his colleagues had reported 10 years earlier
that a kidney bean lectin, phytohemagglutinin or PHA, caused the surface cells of
rats’ intestines to turn over more quickly (Pusztai 1993). The younger
replacement cells on the tiny surface projections — called villi — of the intestinal
cells had a high proportion of proteins with mannose sugars at the ends of their
sugar signatures. This made the cells more susceptible to bacterial overgrowth
with Escherichia coli, a common gut bacterium, because the bacterium has
projections — called fimbrae — that recognize and bind to mannose. Including
GNA in the diet reduced the extent of bacterial overgrowth because the GNA
binds to the mannose on the intestinal cells.

PHA is a normal component of red kidney beans — and people get sick
from eating too much of it. Allergist David Freed recounts an incident that
occurred in 1988 when a hospital had a “healthy eating day” in its staff canteen at
lunchtime (Freed 1999). He recounts that 31 portions of a dish containing red
kidney beans were served that day and over the next several hours, 11
customers were experienced profuse vomiting, some with diarrhea — typical food-
poisoning symptoms. All recovered by the next day, but no pathogen was found
in the food. It turned out that the beans contained an abnormally high
concentration of PHA.

There are many different kinds of plant lectins and they are present in
most plants, especially abundant in seeds, including cereals and beans, and in
tubers, including potatoes. They tend to survive cooking and digestive enzymes.
Pusztai and many other investigators have shown that they affect intestinal cells.
It isn’t surprising that they occasionally cause symptoms of food poisoning (Freed
1999). As in insects, some can get into and through cells and into the blood
stream. Some lectins are also potent allergens. So even through GNA appears



to be a relatively benign lectin as evidenced by rat feeding studies, there is
absolutely no doubt that a food expressing such a protein needs careful testing,
first in animals.

Sensibly, the Scottish Office Agriculture, Environment and Fisheries
Department (SOAEFD) commissioned a 3-year study in 1995 titled “Genetic
engineering of crop plants for resistance to insect and nematode pests: effects of
transgene expression on animal nutrition and the environment.” Its objective was
"to identify genes encoding antinutritional factors which will be suitable for
transfer into plants to enhance their resistance towards insect and nematode
pests, but will have minimum impact on non-target, beneficial organisms, the
environment, livestock fed on these plants, and which will present no health risks
for humans either directly or indirectly through the food chain." The University of
Durham and the Scottish Crop Research Institute were to provide the transgenic
plants and the Rowett Research Institute was to do a chemical analysis of the
transgenic plant materials. They were also to do both short-term (10 day) and
long-term (3 months) rat feeding trials to determine whether the effect of the
transgenic plant materials was similar to that of the parent lines.

The chemical analysis of the transgenic plants showed them to be quite
different from the parent lines (http://www.rowett.ac.uk/gmo/ajp.htm) — although
the audit report curiously concludes that they weren’t
(http://www.rowett.ac.uk/gmoarchive/gmaudit.pdf). The researchers measured
total protein concentration, as well as the content of several relevant proteins,
including GNA, potato lectin and several others. All of these differed between
transgenic lines and in comparison with the parental lines. Rats in Pusztai’s study
were fed either raw or cooked potatoes. Non-transgenic potatoes were
supplemented with GNA. The results showed that rats fed the transgenic
potatoes had significantly lower organ weights. They found that GNA added to
the potatoes made the animal’s lymphocytes, which are cells in the immune
system, more responsive to stimulation by other lectins. By contrast, lymphocyte
responsiveness was depressed in the animals fed the transgenic potatoes
expressing GNA.

What these studies basically showed was that the transgenic potato lines
were different from each other, as well as from the parental potatoes. A later
study on transgenic potatoes came to the same conclusion (Down 2001). Here
Pusztai jumped to the conclusion that these differences must be attributable to
the fact that the plants were transgenic — and he went public with his conclusion.
What he probably didn’t know — because he was neither a plant breeder nor a
plant biologist — was that the very process through which the plants are put
during the introduction of the transgene — culturing through a callus stage and
then regeneration of the plant — can cause marked changes in both the structure
and expression of genes.

The variation that arises as a result of passage through tissue culture is
called “somaclonal variation” and is both a nuisance and a potent source of new
materials for plant breeding. The variation is both genetic (single base changes,
deletions, insertions, transpositions) and epigenetic — this means modifications
that can affect expression of genes, but not their structure. For plant breeders,
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this means that new materials and new varieties derived using culturing
techniques must be evaluated for both their growth and their food properties.
This is particularly important for potato breeding, because potatoes produce toxic
substances called glycoalkaloids (Kozukue 1999). Glycoalkaloids are normally
present in potatoes, can contribute to inflammatory bowel disease, and are
concentrated by frying potatoes (Patel 2002). So potato breeders must carefully
monitor these compounds, irrespective of the means by which new potato
varieties are generated.

Unfortunately, Pusztai's analyses of the chemical composition of the
transgenic lines were rather superficial. And his quick leap to the conclusion that
the variation he observed was attributable to the fact that they were transgenic
was simply unwarranted. This mistake has proved costly to Pusztai himself. And
unfortunately, the expertise battle that sprang up around the experiments has
obscured the importance of carrying out well-designed experiments to evaluate
the food qualities of transgenic crop plants expressing proteins that have the
potential of affecting human health. Lectins are clearly in this category.

Pusztai has been criticized severely for the quality of his experiments. His
experiments have been attacked for their small sample sizes, the use of
inappropriate statistical procedures, and the fact that a diet of raw — or even
cooked — potatoes is a bad diet for rats (people too), even when supplemented
with a bit of extra protein. But oddly enough, in all that has been written about
these experiments, no one seems to have seen their central flaw, which was that
he did not use appropriate controls. A “control” is the part of an experiment that
allows the researcher to examine the consequences of just the change (in this
case) or the treatment (in the case of a drug) under study. In Pusztai’s
experiments, the control potatoes had a different history than the transgenic
potatoes and, in particular, that history included a culture procedure that induces
somaclonal variation. The likeliest source of the variation he detected — and of
the differences he attributed to the fact that they contained foreign DNA — was
the culture procedure itself. In order to be able to attribute the deleterious effects
of the transgenic potatoes to the newly introduced gene or to some other part of
the introduced DNA, he would have had to make a comparison between potatoes
that had the very same history, but either had or lacked the transgenic construct.
This can be done, but the study that Pusztai participated in was simply not
designed for such a test.
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