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Dietary lectins can stimulate pancreatic growth

in the rat
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Summary. Lectins are proteins or glycoproteins of nonimmune origin, which
bind specifically to carbohydrate structures. They are widespread in the
human diet, and many are resistant to digestion. High doses of lectins have
been shown to stimulate intestinal and pancreatic growth. The aim of the
present study was to investigate the long-term actions of low doses of lectins
on the rat intestine and pancreas. A long-term carcinogenesis study was
performed using low levels (40 ug/rat/day) of peanut (PNA) or mushroom
lectin (ABA) which bind to O-linked (mucin-type) oligosaccharides in the gut.
While this was primarily designed as a colon carcinogenesis study, the
pancreas was also investigated. No significant changes in colon carcinogen-
esis were seen, however, the colons were slightly heavier in the lectin treated
groups. The weight of the pancreas was significantly greater (by 18 and 23%)
in both lectin treated groups (P < 0.03/0.001). The weights of the acini and
septal tissue were also increased by 39-46% in PNA and ABA fed animals,
respectively (P < 0.002); there was no significant change in the endocrine
pancreas.

In conclusion, long-term feeding of low doses of lectin can influence
pancreatic growth, and this trophic action may have potential adverse
implications for the development of pancreatic cancer in humans.
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Introduction

The normal human diet contains many lectins (proteins
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specificity for carbohydrae structures) (Pusztai 1993,
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Nachbar & Oppenheim 1980). Although there is consider-
able literature about the effects on the intestine of toxic
lectins such as red kidney bean (PHA) (Pusztai etal.
1982) and wheat germ agglutinin (WGA) (Brady etal.
1978), less is known about the effects of noncytotoxic
lectins. Several factors suggest that such ingested lectins
could have a major effect on the proliferation and metab-
olism of the human intestine. For example: (i) many
lectins, particularly those of plant origin, are tightly globu-
lar and thus highly protease-resistant and are able
to survive passage through the mammalian intestine
without digestion (Barondes et al. 1994) (ii) the intestinal
mucosal glycocalyx has numerous and diverse potential
binding sites for lectins (Weaver & Bailey 1987) (iii) most
lectins have been shown to have significant biological
effects on cells to which they bind (Kaplowitz 1985).

One such group of lectins bind to galactose B1-3
N-acetylgalactosamine o — (Galp1-3GalNAc(a -), the
Thomsen Friedenreich (TF) blood group antigen that is
the Type | core structure on O-linked (mucin-type) oligo-
saccharides. This structure can be expressed not only
by secreted mucins (Melchior & Gerace 1995) but also
by epithelial cell surface glycoconjugates (Campbell
etal. 1995).

All the TF-binding lectins identified in plants have so
far been found to be noncytotoxic and include constitu-
ents of a variety of food sources that include peanuts
and mushrooms. Peanut lectin has proliferative effects
on colon cell lines (Ryder et al. 1992), and on human
colonic mucosal biopsies in culture (Ryder et al. 1994).
The addition of 100 g peanuts per day for one week to
a normal diet caused a 40% increase in rectal mucosal
mitotic index in humans (patients with irritable bowel
syndrome but normal colonic histology) who express
the lectin receptor in their rectal mucosa (Ryder etal.
1998). Another group has demonstrated a proliferative
effect of ingested peanut lectin on mouse small intestine
(Henney etal. 1990) and we have also shown marked
effects of PNA on both the small and large intestine of
rats (Jordinson et al. 1999).

Conversely, we have found that the TF-binding lectin
from the edible mushroom (Agaricus bisporus, ABA)
inhibits proliferation in a wide range of epithelial cells
without apparent cytotoxicity (Yu et al. 1993) and also
inhibits invasion of HCT116 colon cancer cells through
collagen gels (Yu etal. 1999). ABA differs in its specifi-
city from peanut lectin, binding also to sialyl-Galp1—
3GalNAca — (sialyl TF).

In addition to their effects on the intestine, we have
recently reported that some lectins, especially peanut
lectin, can increase plasma cholecystokinin (CCK) levels
and also increase the weight of the pancreas (Jordinson

et al. 1999). Such effects may also occur by blood borne
lectins, as peanut lectin can be detected in the blood of
humans minutes after eating peanuts (Wang et al. 1998),
and systemic infusion of peanut lectin into rats can
stimulate colonic cell division (Jordinson etal. 2000).

There are significant geographical differences in the
incidence of pancreatic cancer (Warshaw & Fernandez-del
Castillo 1992). In the USA, and in the UK, incidence has
increased sharply since the 1930s but seems to have
plateaued since the 1970s. In Japan, there has been a
more recent increase, from 1.8 per 100000 in 1960 to 5.2
in 1985 (Hirayama 1989). The reasons for these marked
geographical differences are unclear but the marked
increase in incidence since the 1940s in Westernised
countries suggests that environmental factors are very
important. Dietary risk factors seem to be similar to colon
cancer with some evidence to support a high intake of
meat or fat as risk factors with fruit and vegetables as
protective factors (Farrow & Davis 1990) (Norell etal.
1986) (Howe & Burch 1996). The evidence for these
dietary factors is however, generally considered to be
weaker than that for those in colon cancer (Warshaw &
Fernandez-del Castillo 1992). Little is known about the
possible roles for plant lectins in colon and pancreatic
cancer but their ability to alter cell proliferation warrants
their investigation.

The present paper reports our findings of pancreatic
growth following lectin feeding. The data was generated
as part of a study primarily designed to investigate
intestinal proliferation and carcinogenesis. The rats were
treated with the colon carcinogen dimethylhydrazine,
but the results of the intestine were inconclusive; how-
ever, the multifactorial design of the study enabled us to
investigate the actions on the pancreas with effective
statistical power.

Materials and methods

Seventy-two male Wistar rats, aged between 6 and
8 weeks old and of mean weight (213.0+3.69) were
used. They were placed into one of the six following
groups; control group, DMH group, peanut lectin
group, mushroom lectin group, DMH plus peanut lectin
group and DMH plus mushroom lectin. After two weeks
on the diets the rats were then given 16 weekly
sc injections of either DMH (1,2-dimethylhydrazine, Sigma
Poole, Dorset, UK) at a dosage of 20mg/kg body
weight (n=36), or the same volume of vehicle (n=36;
1mL/kg body weight) (Park etal. 1997). Peanut and
mushroom lectin were purchased from EY Laboratories,
Leicestershire, UK.
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The diet was based on a standard rat chow (prepared
by SDS, Witham, Essex, UK) to which was added
2mg/kg PNA or ABA, the diet was then pelleted and
irradiated.

Rats had free access to food and water and were killed
by C02 and cervical dislocation, 6 weeks after the last
injection of DMH and 24 weeks after the first injection of
the DMH.

All animals were maintained in a temperature-
controlled room with a 12:12h light-dark cycle. Food
and water were available ad libitum and the animals were
weighed weekly. All animal experiments were approved
by the Cancer Research UK Animals Ethical Committee
and by the Home Office Animal procedures (1986) act.

Whole pancreata were dissected out, weighed and
formalin-fixed. The first six pancreases from each
group were used for quantitative stereological examin-
ation (Howard etal. 1997). By employing stereology,
significant changes of about 1/10th the magnitude of
those detectable by qualitative methods can be achieved
(Howard et al. 1998).

Pancreata were uniformly randomly sampled
(Gundersen & Jensen 1987) and ‘vertical’ blocks taken
(Baddeley etal. 1986), embedded in Historesin (TAAB
Laboratories Equipment Ltd, Aldermaston, Berkshire,
UK) and sectioned at both 5um and 30 um. Absolute
volume and volume fraction of islet tissue, acinar tissue
and septal tissue within the pancreas were estimated by
point counting and the Cavalieri method (Howard etal.
(1998).

Statistical analyses

All results are presented as the group mean + standard
error of the mean (SEM). Two way analysis of variance
(anova) was performed to test any effect of lectin or
DMH and any interactions between these. If there was
no interaction the test was re-run without the interaction
term. Analysis was performed using Minitab Statistical
Software, Release 10.5 Xtra (Minitab Ltd, Coventry, UK).

Results

The rats increased their body weight by approximately
66% over the period of study, with no significant differ-
ences in weight gain between groups. The colons were
slightly heavier in both the lectin treated groups, and this
was statistically significant (P=0.018) for the PNA
group. Only one tumour per group was seen in the
DMH plus PNA and DMH plus ABA treated groups,
however, one rat fed PNA was put down early due to

Lectins and pancreatic growth

a large Wilm’s like tumour in the peritoneal cavity. None
of these differences was statistically significant. Peanut
lectin was associated with an 18% increase in pancreatic
weight (P=0.03 Fig. 1), while mushroom lectin was
associated with a 23% increase (P<0.001). PNA had
no effect on the volume of the islet cells, but ABA
appeared to be associated with a 25% decrease in islet
cell mass which approached statistical significance
(P=0.08). The pancreatic tissue was reviewed by a
pathologist and was of normal histological appearance.
There was no evidence of inflammation in any of the
tissue examined.

PNA was associated with a 24% increase in the mass
of the acini (Fig.2, P=0.009) and of the septae (39%
P =0.012). ABA also increased the mass of the acini (by
21% P=0.019) and had a larger effect of 46% on the
mass of the septae (P=0.004).

Discussion

The principal aim of the study was to investigate the
actions of the two lectins on gastrointestinal carcinogen-
esis, unfortunately the results for this were inconclusive.
Nevertheless, the finding of a tumour in the non-DMH
treated PNA fed group is a source of concern and further
studies on the actions of PNA in carcinogenesis models
are in progress. While there was an indication of
increased gastrointestinal tissue mass, especially with
PNA, this was not significant, however, the two lectins
both significantly increased the weight of the pancreas.
These results were statistically significant despite the
relatively low dose of lectin used.

The weight data was augmented by the use of stereo-
logical techniques, which are important tools for the
study of the entire pancreas, providing an unbiased
estimate of the separate volumes of each component
of the pancreas, without the need to serially reconstruct
the pancreas. There was a marked and highly significant
increase in pancreatic weight and in the weight of the
pancreatic acini and septae, in both lectin-fed groups,
this was the more noteworthy considering the very low
dose of lectin used. Con-A, PHA, WGA and PNA can all
increase pancreatic weight when given in large doses
(25 mg/rat/day) for short periods (Jordinson et al. 1999).
Peanuts normally contain about 1 mg/g of PNA (Lotan
etal. 1975), thus a 250-g rat eating 40 ng per day would
take in 160 png/kg, approximately equivalent to a 70-kg
man eating 11 g peanuts per day. There are 100 pgrams
of ABA per gram of mushroom (Sueyoshi etal. 1985),
thus the dose is approximately equivalent to 110g (one
serving) of mushrooms per day.
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Peanut supplementation

Mushroom supplementation
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These trophic actions may be direct or due to an
indirect mechanism. The actions of PNA and ABA
could be direct as some lectins can be absorbed and
transported in the blood. Although lectins are well known
to agglutinate red blood cells, PNA is only agglutinated if
its sialic acid residues are removed to reveal the cryptic
TF antigen. Other lectins may bind to the plasma pro-
teins and thus not agglutinate the erythrocytes. A recent
study has shown that peanut lectin is found in the blood
of man soon after eating peanuts (Wang et al. 1998), and
systemic infusion of peanut lectin into rats can stimulate
cell division in the colon (Jordinson etal. 2000). It is not
known how these lectins enter the blood but a possible
route is via binding to the follicle-associated epithelium of
the intestinal M cells (Clark etal. 1995), however, the
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effects are presented in the figure.

speed of uptake (Wang etal. 1998) suggests that the
stomach is also involved.

An alternative mechanism for the actions of these
agents could be provided by the finding that several
lectins (including PNA and ABA) can interact with the
epidermal growth factor receptor, perhaps by disrupting
the lateral mobility and aggregation of mitogen-receptor
complexes (Kaplowitz 1985) (Zeng etal. 1995). How-
ever, Ryder (Ryder etal. 1992) found no competition
between PNA and EGF; in fact there appeared to be a
synergistic action of PNA and EGF when given to colonic
explants.

The significance of these changes is as yet unknown,
however experimental pancreatic cancer is consistently
promoted by agents that induce pancreatic hyperplasia.

© 2002 Blackwell Science Ltd, International Journal of Experimental Pathology, 83, 203—208
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Many of these, including raw soy flour, have been
thought to induce pancreatic hyperplasia mediated via
CCK release from the duodenum. Some of the soy effect
can be attributed to soybean lectin (and other lectins)
interacting with an as-yet-unidentified receptor on the
duodenal mucosa, with resultant CCK release (Jordinson
etal. 1996). Soy lectin is readily heat inactivated and raw
soy does not form part of the human diet so this is unlikely
to be an important promoter of human pancreatic cancer.
It does however, raise the possibility that other dietary
lectins, particularly those which are resistant to heat and
digestion, might have similar effects on cholecystokinin
release and hence pancreatic hyperplasia.

If these lectins also stimulate pancreatic growth in
humans it would imply that consumption of peanuts
(and possibly of other dietary heat- and digestion-
resistant noncytotoxic galactose-binding dietary lectins)
might promote intestinal and pancreatic cancer. None-

© 2002 Blackwell Science Ltd, International Journal of Experimental Pathology, 83, 203—-208

theless, the very specific binding of these lectins may
also provide a potential means of ameliorating such
actions. Several dietary fibres, especially those from
vegetables, are high in galactose residues, which raises
the intriguing possibility that these fibres could bind
and thus ‘inactivate’ the lectin. This would provide a
alternative explanation for the protective actions of
some fibres reported in epidemiological studies where
the consumption of (galactose-containing) fruit and
vegetable fibre is associated with decreased cancer
risk. We intend to follow this hypothesis in the gut and
pancreas in further studies using experimental models of
pancreatic cancer.

In conclusion, we have shown that two lectins can alter
pancreatic growth in vivo. This was achieved using low
doses of the lectins, which could easily occur when eating
a normal diet. This has worrying implications, as
increased growth can be a promoter of carcinogenesis.
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