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S crops unlikely to remain
contained., study shows

By Daniaelles Demyatriowu
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Study heightens fears over Top 10 genetically modified foods
GM superweeds

By Stove CoOmMMMor Scienco EQdlitor
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Effem of diets containing genetically modified potatoes expressing

Galanthus nivalis lectin on rat small intestine

Stanley W B Ewon, Arpad Pusztai

See Commentaries pages 1374, 71375

Diets containing genetically modified GV potatoes
expressing the lectin Galanthus nivalis aggiutinin (GNA) had
variable effects on different parts of the rat gastrointestinal
tract. Some effects, such as the proliferation of the gastric
mucosa, were mainly due to the expression of the GNA
transgene. However, other parts of the construct or the
genetic transformation (or both) could also have contributed to
the overall biclogical effects of the GNA-GM potatoces,
particularty on the small intestine and caecum.

Genetically modified (GM) plant products are becoming
increasingly common in the human food-chain, yet in contrast
to the general acceptance of the need for the bioclogical testing
of novel foods and feedstufls, few studies have been carried
out on the possible effects of GCM products on the mammalian
ut mucosa. GCM potatoes expressing a snowdrop lectin
(Caltanthus nivalls agglutinin [GCINA)]) under the CaMV3S5s
promoter have been developed to increase Insect and
nematode resistance.' GNA was selected for Insertion Into
potatoes because the Initial effect of this mannose-specific
lectin on the rat small bowel has been shown to be minimal,”
and because its binding to mannose present on the epithelial
surface of rat jogjunal villl is demonstrable only after feeding for
10 days. We compared the histological Indices of the gut of
rats fed potato diets containing GM potatoes, non-GM
potatoes, or non-GM potatoes supplemented with CNA, to

find out whether CNA gene
nutritional and physiological
mammalian gut.

insertion had affected
impact of potatoes on the

the

ELISA analysis confirmed that the expression level of GIN
in raw OCM potatoes was 254 pg/g dry matter: tl
concentration was decreased to 4.9 pg/g after bolling for 1
Six rats were randomly allocated to each group, and were f¢
diets containing either raw or bolled GNA-GM potatoes, pare
potatoes (Desiree), or parent-line potatoes supplemented wi
25.-4 pwg/g GNA for 10 days. All potato dlets were isocaloric ar
contalned an average of 696 protein. Histological samples |
stomach, jejunum, ifleum, caccum, and colon were taken |
days after the start of feeding. The samples, each 2 cm in lengt
were opened along the antimesenteric border. The seros
surface was allowed to adhere to card for 3 min and was the
fixed in 1096 necutral buffered formalin for 18 h at 20%
Paraffin sections (4 jum) were stained with haematoxylin ar
cosin, and mucosal thickness (stomach) or crypt leng
(Jejunum, lleum.,.caecum, and colon) was measured by vide
image analysis. Nntraepithelial lymphocytes are cequal
distributed in all parts of .the small Intestine, and are known
increase when non-specific intestinal damage occurs. Thus,
assess potential damage. Iintraepithelial lymphocytes we
counted in eight jejunal villi from each of the six rats fed die
containing GNA-CM potatoes or parent potatoes, both raw ai
boiled. No such measurements were made for the group f
parent potatoes spiked with GNA because dictary GINA
other lectins do not induce lymphocyte infiltration. GIN
binding to the jojunum and ileum was measured by elution wi
0:-1 moVL. mannose, followed by ELISA.

Maean (SD) crypt l.n!ml(um) and i b Y tre - Statistical analysis (p)T Interaction (p)7T
Parent Parent vs Parent+«GNA Parent+ GNA GNAGM Parent vs Effect of Cffect of Effect of GNAxcook Trans<Xcook
parent+ GNA vs GNA-GM GNAGM GNA cooking wans.
) ») ) formation
Stomach
Gollea 294 (48) 0.29 347 (42) 0-37 339 (386) Q.02 o.-00 0052 o-ess o917 O.543
Raw 2817 (32) 003 312 (32) o986 323 (54) 007
[ o8 O 94 0-35
Jejunum
Bollea 78 (19) 0.72 78 (V7)) 097 78 (1 2) o-71 0029 17 0041 0 03s 0037
Raw 587 (8) 014 64 (1) 001 20 (20) <0.01
P o o6 0.09 0-24
Hleumn
Boiled 59 (8) 0-20 55 (7) o132 63 (13) O-43 o-z21 0. 001 O 106 0-209 Q942
Raw 71 (®) 0-24 79 (13) O 43 87 (25) 015
P 0-02 «0-01 0.06
Caecum
Boilea es ('9) 0.-90 98 (21) O 04 70 (18) .05 0033 0.-001 o560 0497 o021
Raw 132 (V9 o002 104 (O 7) o.25 119 (25) O35
P «0-01 O-55 007
Colon
Bolled 146 (18) oo2 177 (24) 0.02 139 (24) o 65 on’e 0.002 o381 o.231 O 00"
Raw 192 (34) 004 148 (25) <001 215 (34) o-28
P 0.02 - 0.07 «0.01

Dota are the means of six animals calculated from fMve observations for each. GNAX cook=interaction between GNA and cooking: Trans xcook=interaction between tansformation and

cooking.
*By Stwdent’s ¢ test. T8y multivariate analysis with Tukey's test.

Table 1: Effect of raw and cooked parent, parent+GNA, and GNA+GM potatoes on histological indices=s of rat gut
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on genetically modified soybean
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Reversibility of hepatocyte nuclear modifications in mice fed
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- 2005, European Journal of Histochemistry

In the literature, the reports on the effects of a genetically
modified (GM) diet are scanty and heterogeneous; in partic-
ular, no direct evidence has 50 far been reported that GM
food may affect human or animal health.

Hepatocytes represent a suitable model for monitoring the
effects of a GM diet, the liver potentially being a primary tar-
get. In a previous study, we demonstrated that some ‘modifi-
cations occur in hepatocyte nuclei of mice fed on GM soy-
bean. In order to elucidate whether such modifications can
be reversed, in the present study, 3 months old mice fed on
GM soybean since their weaning were submitted to a diet
containing wild type soybean, for one month. In parallel, to
investigate the influence of GM soybean on adult individuals,
mice fed on wild type soybean were changed to a GM diet,
for the same time. Using immunoelectron microscopy, we
demonstrated that a one-month diet reversion can influence
some nuclear features in adult mice, restoring typical char-
acteristics of controls in GM-fed animals, and inducing in
control mice modifications similar to those observed in ani-
mals fed on GM soybean from weaning. This suggests that
the modifications related to GM soybean are potentially
reversible, but also that some modifications are inducible Iin
adult organisms in a short ttme.

Key words: cell nucleus, liver, genetically modified soybean,
electron microscopy.
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genetically modified (GM) diet are scanty and

heterogeneous (e.g., Schubbert et al/.,, 1998;
Ewen and Pustzai, 1999; Chiter et al/., 2000;
Edwards et al/., 2000); in particular, no direct evi-
dence has so far been reported that GM food may
affect human or animal health, and scarce are the
studies on the effects of a diet containing significant
amounts of GM plants (Malatesta et a/.,, 2002a,b,
2003; Vecchio et al., 2004). These studies have
been obviously focussed on organs and tissues
which may be seen as potential targets (either
directly or indirectly) of this diet. In this view, the
liver is a primary site where the biotransformation
of the products of digestion takes place through the
degradation and/or detoxification of xenobilotic
compounds received from the intestines or from the
general circulation; in addition, the liver is involved
in the synthesis of many plasmatic protein compo-
nents and, more generally, in the overall metabolic
control of the organism. Hepatocytes may, there-
fore, represent a suitable model for monitoring —at
the cellular level- one of the targets of the diet. In
a previous study (Malatesta et al/.,, 2002a), we
demonstrated that some modifications occur in
hepatocyte nuclei of mice fed on GM soybean: these
changes are mainly related to the structural con-
stituents involved in the transcription and splicing
processes. In the present investigation, we aimed at
elucidating whether such modifications can be
reversed: to do this, mice fed on GM soybean from
their weaning to the third month of age were sub-
mitted to a diet containing wild type soybean, for
one month. In parallel, to investigate the influence
of GM soybean on adult individuals, mice which had
been fed on wild type soybean were administered
for one month a GM diet. Morphometrical and
immunocytochemical analyses have been carried
out on hepatocyte nuclei at electron microscopy,

I n the literature, the reports on the effects of a
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Ultrastructural analysis of testes from mice fed on genetically
modified soybean.

memm

We have considered the possible effects of a diet containing
genetically modified (GM) soybean on mouse testis. This organ,
in fact, is a well known bioindicator and it has already been
utilized, for instance, to monitor pollution by heavy metais, In
this preliminary study, we have focussed our attention on Sertoli
cells, spermatogonia and spermatocytes by means of £
immunoelectron microscopy. Qur results point out that the
immunolabelling for Sm antigen, hnRNPs, SC35 and RNA
Polymerase 1l Is decreased In 2 and 5 month-old GM-fed mice,
and Is restored to normal at 8 months, In GM-fed mice of all
ages considered, the number of perichromatin granules Is higher
and the nuclear pore density lower. Moreover, we found
enlargements in the smooth endoplasmic reticulum in GM-fed
mice Sertoli cells. A possible role played by traces of the
herbicide to which the soybean is resistant is discussed.

PMID: 15718213 [PubMed - indexed for MEDLINE]
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A 90-day safety study in Wistar rats fed genetically modified
rice expressing snowdrop lectin Galarnthus nivalis (GINA)
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Abstract

Gienctically modified plants expressing insecticidal traits offor a new strategy for crop protection, but at the same time present a chal-
lenge in terms of food safety assessment. The present 90-day feeding study was designed to assess the safoty of & rice variety expressing
the snowdrop Galanthus nivalis lectin (GNA lectin), and forms part of a EU-Munded project where the objective has been to develop and
validate sensitive and specific methods to assess the safety of genctically modificd foods. Male and female Wistar rats were given a puri-
fied dict containing either 60% genctically modified or parental rice for 90 days. This corresponds to a mean daily GNA lectin intake of
approximately 58 and 67 mg/kg body weight for males and females, respectively. Prior to the animal study comprehensive analytical
charncterization of both rice materials was performed. The chemical analyses showed a number of statistically significant differences,
with the majority being within the ranges reported in the literature. In the animal study a range of clinical, biological, immunological,
microbiological and pathological parameters were examined. A number of significant Jifl were between groups fed the two
diets, but none of them were considered to be adverse. In conclusion, the design of the present animal study did not enable us to conclude
on the safety of the GM food. Additional group(s) where the expressed gene products have been spiked to the diet should be included in
order to be able to distinguish whether the observed effects were due to the GNA lectin per se or to secondary changes in the GM rice.
@ 2006 Elsevier Ltd. All rights reserved.

Keywords: Genatically modified rice; Safety assessment: Animal study; GNA lectin: SAFOTEST

1. Introduction mately 23% of all calories consumed; in some countries
more than 60% of the dietary calories are derived from this

Rice (Ory=a sativa L..) is one of the ' most important coer- cercal (Khush, 2003). 5
ecal crops in the world. Worldwide it comprises approxi- The ever-increasing demands on yield are responsible
for the development of many different high yielding varie-
T Corresponding author. Tel.: +45 7234 7540; fax: +45 7234 7699 ties of rice. However, whilst the extensive cultivation of
E-mail address: mopGhdivi.dk (M. Poulsen). modern high yielding varicties has on the one hand resulted

O278-6915/% - see front matteor © 2006 Elsevier Lud. All rights reserved.
d0i:10.1016/).1ct. 200609 002
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4. Discumssion

Even though the two rioe varieties wene grown under
alerost identical environmental conditions, chemical analy-
som revenled @ number of statistionlly sigoaticant difTerences
bLetween transgenic and purental rice. Differences weaere
detooted for proximates (starch, fAiber, sugars, protein,
sod ashl, amino acids, miloersls (COPTWE, WO, I g s,
Pphospharous, snd potassivm ) and vitamios (B, B, panto-
thenie acid, folic acld). Mionor., DOt stetistican y wigens Boang
differvnces were also observedt for distribucions of farty
acids and steryl feruiates. Additional fleld triuls would be
nocessnry o daetermine whether the Jdifferences detecood

are due to the geonetiv modification or dwe to blological vac-
tmbliny in tha fold,

The compositional data for transgenic rice were within
the ranges roported in the lierature axcept for protein,
amino acids, ash and potassium. One has to keop o osind
that existing food composition databases Ao nOot necessarsly
reflicet the complete natural variaton (Burlingaose, 2004)
In the present case, for axample, protein contents exosed
Literature data for both the transgenic and the parcntal Line.
To mawess the overall relovance of statistsonily sigoithcwnt
differencaes in the light of astoral variability within species,
more comprehensive databanses for the ditferent plant spe-
Cies wre necessary, which include samplas with different
goencetic and/or environmental hackgrounds, Reocontly, the
Internettonal §alfe Scenoe Institute released u compreben-
sivear aron composition database that provides information
on the nuturvl vartabllity 'n compositions of malze, soy-
besa and cottan (Ridiey ot ul,, 2006), The intanded axion-
sion of the database 10 othwr crups inclhading cloo will assist
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A B STRACT

The health effects of a Roundup-tolerant genetically modified maize (from 11% in the diet), cultivated
with or without Roundup, and Roundup alone (from 0.1 ppb in water), were studied 2 years in rats. In
females, all treated groups died 2—3 times more than controls, and more rapidly. This difference was vis-
ible in 3 male groups fed GMOs. All results were hormone and sex dependent, and the pathological pro-
files were comparable. Females developed large mammary tumors almost always more often than and
before controls, the pituitary was the second most disabled organ; the sex hormonal balance was mod-
ified by GMO and Roundup treatments. In treated males, liver congestions and necrosis were 2.5-5.5
times higher. This pathology was confirmed by optic and transmission electron microscopy. Marked
and severe kidney nephropathies were also generally 1.3-2.3 greater. Males presented 4 times more large
palpable tumors than controls which occurred up to 600 days earlier. Biochemistry data confirmed very
significant kidney chronic deficiencies; for all treatments and both sexes, 76% of the altered parameters
were kidney related. These results can be explained by the non linear endocrine-disrupting effects of
Roundup, but also by the overexpression of the transgene in the GMO and its metabolic consequences.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

There is an ongoing international debate as to the necessary
length of mammalian toxicity studies in relation to the consump-
tion of genetically modified (GM) plants including regular meta-
bolic analyses (Séralini et al., 2011). Currently, no regulatory
authority requests mandatory chronic animal feeding studies to
be performed for edible GMOs and formulated pesticides. How-
ever, several studies consisting of 90 day rat feeding trials have
been conducted by the biotech industry. These investigations
mostly concern GM soy and maize that are rendered either herbi-

Abbreviations: GM, genetically modified; R, Roundup; MRL, maximal residual
levels: GMO, genetically modified organism; OECD, Organization for Economic Co-
operation and Development; GT, glutamyl-transferase; PCA, principal component
analysis; PLS, partial least-squares; OPLS, orthogonal partial least-squares; NIPALS,
Nonlinear Iterative Partial Least Squares; OPLS-DA, Orthogonal Partial Least Squares
Discriminant Analysis; G, glycogen: L. lipid droplet; N, nucleus: R, rough endoplas-
mic reticulum (on microscopy pictures only); U, urinary: UEx, excreted in urine
during 24 h; APPT, Activated Partial Thromboplastin Time; MCV, Mean Corpuscular
Volume; PT, Prothrombine Time; RBC, Red Blood Cells; ALT, alanine aminotrans-
ferase; MCHC, Mean Corpuscular Hemoglobin Concentration; A/G, Albumin/Glob-
ulin ratio; WBC, White Blood Cells; AST, aspartate aminotransferase.
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cide tolerant (to Roundup (R) in 80% of cases), or engineered to
produce a modified Bt toxin insecticide, or both. As a result these
GM crops contain new pesticide residues for which new maximal
residual levels (MRL) have been established in some countries.

If the petitioners conclude in general that there is no major
change in genetically modified organism (GMO) subchronic toxic-
ity studies (Domingo and Giné Bordonaba, 2011; Hammond et al.,
2004, 2006a,b), significant disturbances have been found and
may be interpreted differently (Séralini et al.,, 2009; Spiroux de
Vendomois et al.,, 2010). Detailed analyses have revealed altera-
tions in kidney and liver functions that may be the signs of early
chronic diet intoxication, possibly explained at least in part by
pesticide residues in the GM feed (Séralini et al., 2007; Spiroux
de Vendémois et al.,, 2009). Indeed, it has been demonstrated that
R concentrations in the range of 102 times below the MRL induced
endocrine disturbances in human cells (Gasnier et al., 2009) and
toxic effects thereafter (Benachour and Seralini, 2009), including
in vivo (Romano et al.,, 2012). After several months of consumption
of an R-tolerant soy, the liver and pancreas of mice were affected,
as highlighted by disturbances in sub-nuclear structure (Malatesta
et al.,, 2008a. 2002a,b). Furthermore, this toxic effect was repro-
duced by the application of R herbicide directly to hepatocytes in
culture (Malatesta et al., 2008b).
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Relevance of the scientific context

Criticisms

No scientific context

QECD guidelines not respected

Protocol not adapted to tumor findings

GLP violation because of amendments

Answers

This study addresses biological interpretations
of early signs of toxicity in

biochemistry after 90-day feeding trials
(Spiroux de Vendomois et al., 2010)

No guidelines exist for GMO animal studies.
Protocol based and adapted from OECD 408
and 452

This is not a carcinogenesis study, but a long
term full toxicological study

Research protocols not adapted to GLP
agreement because of amendments. The
experiment was conducted under a GLP
environment and conditions



Criticisms

* History of flaw by the authors which are
not toxicologists. Previous studies of the
group rejected

* Lack of signs in 90 days

* Not the first long term study

Answers

More than 26 international scientific peer
reviewed papers by the team with the lead author
on the topicin the last 5 years, and 11 in
toxicological journals on the same period only in
PubMed. One author, Malatesta, has also
published on GMO/ pesticide health risks. None of
the papers was considered as flawed by the
scientific community. Regulatory agencies or
Monsanto are not scientific peer reviewed journal
systems

Statistical differences in biochemical parameters
of liver and kidney function recognized by both
industry and agencies

First chronic investigation with NK603 GM maize;
others of two years in farm animals are not over

the entire lifespan; the most detailed study for all
agricultural GMOs and a formulated pesticide



Originality and limits of the experimental design

Criticisms

* Choice of the rat strain (sensitivity to
mammary tumors and nephropathies in
males)

* Number of rats per group

Answers

Necessity to have sensitive strains,
recommended by the US National Toxicology
Program (King-Herbert et al. 2010). Rats and
mice have been preferred experimental
models because of their susceptibility to tumor
induction (OECD guidelines) Relevant
comparisons to controls in this work

OECD 408 (90-day toxicity study) 10 animals
per group OECD 452 (Chronic toxicity study) 20
animals per group but at least 10 animals per
group are studied for hematological and

clinical biochemical function



Focus on statistics

Criticisms

* Not enough statistical power
No Kaplan Meier’s curves
Variability expected by chance
Only raw data in Figs. 1-3 and Table2

* No means and standard deviations in Table 3

Answers

Statistics do not tell the truth, but may help in
understanding results. The biological
interpretations and the crossing of
methodologies are the key. Enough and high
statistical power for OPLS-DA, and this is why
raw data only were presented in Figs. 1 and 2
and Table 2; no statistical power of Kaplan
Meier’s analyses for a conclusion
demonstrating effects or no effects.

OPLS-DA is not a method to compare mean
differences which were presented for
understanding of biochemical measurements
with highly discriminant parameters

in bold. In accordance to guidelines and usual
practices



Criticisms

* No incidence / severity Lack of
histopathology data

* Endocrine disruption not sufficiently
supported

* Wilm’s tumors are only of genetic origin

» Feeding state explains glycogen in electron
microscopy

* Pictures of control rat not shown

Answers

Taken into account as indicated in the legend
of Table 2 which consists in a
summary of the most relevant data

Convergent body of evidence stemming from
mammary tumors, pituitary dysfunctions,
histopathology and sex hormone biochemistry

Promotion by pesticide exposure is plausible
and as evidenced by gestational
exposure described in the literature

No difference in feed consumption; experience
in the domain by M. Malatesta

Rats representative of each group shown,
controls do not present tumors in

majority during the experiment, pictures non
necessary



Ethical issues and deontology

Criticisms

» Maize illicitly grown

* Animal welfare problems, a
veterinarian would not authorize such
tumor development

* Conflicts of interests

* Role of funders

Answers

Not at all; grown and imported with
appropriate authorizations

The work follows GLP conditions. All rats
followed by veterinarians on the site,
applying the rules of the ethical committee
and guidelines

No conflict for us. Conflicts of interests for
companies testing their own products

See acknowledgments, funders identified. No
interference in study or results;
confidential up to the embargo



