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Summary

By using a non-cancer and a cancer cell line originally from the same tissue (colon), coupled with

testing lectins for cell binding and for their effects on these cell lines in culture, this study decribes
a simple multiparameter approach that has revealed some interesting results that could be useful in
drug development strategies.

Two human cell lines, CCL-220/Colo320DM (human colon cancer cells, tumorigenic in nude mice)
and CRL-1459/CCD-18Co (non-malignant human colon cells) were tested for their ability to bind
to agarose microbeads derivatized with two lectins, peanut agglutinin (Arachis hypogaea agglutinin,
PNA) and Dolichos biflorus agglutinin (DBA), and the effects of these lectins were assessed in culture
using the MTT assay.

Both cell lines bound to DBA-derivatized microbeads, and binding was inhibited by N-acetyl-D-
galactosamine, but not by L-fucose. Neither cell line bound to PNA-derivatized microbeads. Despite
the lack of lectin binding using the rapid microbead method, PNA was mitogenic in culture at some
time points and its mitogenic effect displayed a reverse-dose response. This was also seen with effects
of DBA on cells in culture.

While this is a simple study, the results were statistically highly significant and suggest that : (1)
agents may not need to bind strongly to cells to exert biological effects, (2) cell line pairs derived
from diseased and non-diseased tissue can provide useful comparative data on potential drug effects
and (3) very low concentrations of potential drugs might be initially tested experimentally because
reverse dose responses should be considered.
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Introduction

Our group has developed a multi-faceted approach that can be used in the development of more
specific drugs. We have tested the ability of cells to bind to lectin-derivatized agarose beads
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using yeast (Saccharomyces cerevisiae) cells (Salbilla et al., 1999; Navarro et al., 2002) or sea
urchin embryos (Strongylocentrotus purpuratus) (Latham et al., 1995a; 1995b; 1999) and
recently we have examined the cell surface properties of human colon cancer (CCL-220,
CCL-255), human lung cancer (HTB-171) and human non-cancer colon (CRL-1459) cells
(Khurrum et al., 2002; Heinrich et al., 2005; Welty et al., 2006).

Few past studies have examined all three of the parameters that we examine in this model
system: cell binding of the agent, toxicity of the agent and testing both cancer and non-cancer
cells of the same tissue type (Valentiner et al., 2003; Heinrich et al., 2005). Our recent work
in this area involved the use of lectins that are known to be toxic to cells (Heinrich et al.,
2005). Using Phaseolus vulgaris agglutinin (PHA-L) and wheat germ agglutinin (WGA), we
found that at some time periods and at some concentrations, these lectins were differentially
toxic to the cancer cell line (Heinrich et al., 2005).

In Khurrum et al. (2002), we studied four cell types in a comprehensive analysis of binding to
51 types of derivatized beads, including 21 different lectin preparations. We showed that the
four cell types tested - human colon non-malignant (CRL-1459), human colon malignant
tumorigenic in nude mice (CCL-220), human lung cancer (HTB-171) and human colon cancer
not tumorigenic in nude mice (CCL-255) - possessed different binding properties to this suite
of derivatized beads. Also, in Welty et al. (2006), we showed exquisite correlation between
the short term derivitized-bead binding test and the long term fluorescence labeling of lectin
binding. Only in one case did fluorescence labeling, at such a low level that it was not detectable
photographically, indicate very slight cell binding where the derivatized-bead approach did
not.

In the study reported here, we examine two lectins that are reported to be largely non-toxic to
cells - Dolichos biflorus agglutinin (DBA) and Arachis hypogaea /peanut agglutinin (PNA)
(Ryder et al., 1992; 1994; Chen et al., 1994; Camby et al., 1997; Kiss et al., 1997; Jordinson
et al., 1998; Ohba et al., 2003; Valentiner et al., 2003; Singh et al., 2006) - using a human
colon cancer (CCL-220) and a human non-cancer colon CRL-1459) cell line, as in our previous
studies (Khurrum et al., 2002; Heinrich et al., 2005; Welty et al., 2006). We did not want to
use toxic lectins that kill cells quickly. Instead, to fully explore binding and longer term effects
we use non-toxic lectins in this study. We first test the ability of the two lectins DBA and PNA
to bind to both cell lines and then we examine the effects of the lectins in culture.

Material and Methods

Cells lines & culture

CCL-220/Co0l0320DM (human colon cancer cells, tumorigenic in nude mice; originally
obtained from a 55 yr old Caucasian female) and CRL-1459/CCD-18Co (non-malignant human
colon cells; originally obtained from a 2.5month old African American male) were purchased
from American Type Culture Collection (ATCC) (Manassas, VA). Tumorigenicity has been
tested by ATCC and is detailed on their website (www.atcc.org) and in Quinn et al., (1979)
and Trainer et al., (1988).

Cells were cultured in 75cm? closed Falcon flasks (Fisher Scientific, Tustin, CA) at 37°C with
5% CO, with RPMI 1640 cell culture medium (Sigma Chemical Co. St. Louis, MO) which
was supplemented with 10%, heat-inactivated, fetal bovine serum (Fisher) and 0.5ml of 45%
D-glucose solution in total of 200ml RPMI 1640 medium. Cell lines were maintained without
the use of antibiotics and any contaminated cultures were disposed of. Details of subculture of
these cell lines are provided in Heinrich et al. (2005) and Welty et al. (2006).
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Fixing cells for the lectin bead binding assay

Lectins

Both cell lines were fixed by the following method. Cells were centrifuged at 113 x g for 3
minutes; the growth medium was discarded and the cells were resuspended in 1ml RPMI 1640
medium. The cells were washed 3 times with PBS (without CaCl, and MgCl5) and centrifuged
for 3 minutes, between each wash, before the addition of 1% formaldehyde in PBS (with
CaCl, and MgCly) (Sigma). The cells were incubated with 1% formaldehyde in PBS at room
temperature for 45 minutes for the completion of the fixation process. Fixed cells were washed
3 times in distilled water, via centrifugation, and resuspended in 1ml distilled water to be used
within 3 days. Fixed cells have previously been demonstrated to display the same lectin binding
properties as live cells (Navarro et al., 2002; Welty et al., 2006).

Lectin-agarose beads for the lectin bead binding assay—Agarose beads were
derivatized either with Arachis hypogaea (PNA) or Dolichos biflorus (DBA) lectins (Sigma).
The positive control used, for both cell lines, was poly-L-lysine derivatized beads. The use of
the positive control was to verify the binding capabilities of the cell lines used. All beads were
washed 3 times by centrifugation with distilled water, kept at 4°C and used within 3 days.

Lyophilized powdered lectins for the effects of lectin on cell viability—PNA
(L-0881, Sigma) and DBA (L-1201, EY Labs, San Mateo, CA) were reconstituted in sterile
PBS (without CaCl, and MgCly) at a concentration of 1mg/ml. PBS (without CaCl, and
MgCl,) was used as the buffer for both cell lines as it had been in other studies using these
same cell lines (Heinrich et al., 2005, Welty et al., 2006). Also, PBS was used in Khurrum et
al. (2002) in studies using PNA and DBA lectins. Stock solutions and lectin dilutions were
prepared in serum-free RPMI 1640 medium and stored at —20°C.

Lectin specific sugars

Monosaccharides used in the hapten inhibition protocol were as follows. L-fucose (F2252,
Sigma), at 0.75M, was used as the non-haptenic sugar for both of the lectins. DBA haptenic
sugar was N-acetyl-D-galactosamine (A2795, Sigma) at a concentration of 0.75M. According
to our preliminary results, PNA showed no binding to either cell line; hence, we did not use a
haptenic sugar for PNA.

Lectin bead binding assay

Slides were prepared in triplicate. Suspensions of either 40ul of distilled water, a haptenic sugar
or non-haptenic sugar, both in distilled water were prepared. Four micrograms of lectin beads
were added to the suspensions and mixed with a Birchwood toothpick for exactly one minute.
This process of mixing allowed for the interaction between the lectin beads and the sugar in
the experiments using sugars. Then 4ul of washed formaldehyde-fixed cells were added and
the suspension was mixed for another minute. Positive and negative binding was observed by
light microscopy at 100x or 200x total magnification. Binding was confirmed by agitating the
suspension, observing if the cells were bound to the lectin beads or were simply touching them.
All assays were conducted in distilled water as this has been shown to be a reliable medium
for such studies (Roque et al., 1996; Navarro et al., 2002; Khurrum et al., 2002; Heinrich et
al., 2005; Welty et al., 2006).

Photography

Photomicrographs of the lectin-bead interaction with the cells were taken using a Zeiss
(Oberkochen, Germany) Axiolab microscope at a magnification of 100x to 1000x.
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Cell viability determination

Optimal cell concentration, for the MTT assay, was previously determined to be 5 x 10° cells/
ml (Heinrich et al., 2005). This concentration was chosen based on the cells being plated at
different concentrations and monitoring their viability over time. While we did not perform
direct S-phase analysis as the cell concentration used at initial plating was low enough that the
cell number continued to increase throughout the entire time course of the experiments.

Effects of lectins on cell lines in culture

Multi-well plates 65pl of cells (1.0 x 10° cells/ml) were plated in a multi-well plate (Fisher)
for 24 hours prior to the addition of 65ul lectin solution at final concentrations of 0.05, 0.25,
0.5, 5.0, 25.0, and 50.0 pg/ml for the 6 and 12-hour incubations and 0.5, 1.0, 10.0, 50.0, and
100.0pg/ml for the 24, 48, and 72 hour incubations in RPMI 1640 medium. The same quantity
of cells and no lectins in RPMI 1640 medium (controls) were added to some wells. According
to the established MTT assay protocol, experiments were carried out in 5% fetal bovine serum
with RPMI 1640 medium (Heinrich et al., 2005).

MTT assay Tetrazolium derivative reduction assay (Sigma) was used to determine cell
viability after cell-lectin incubation. As living cells respire, their mitochondrial
dehydrogenases reduce yellow MTT (3-[4, 5- dimethylthiazol-2-ylI]-2, 5-bipheny! tetrazolium
bromide) to yield purple crystals. The intensity of the color product formed, due to the
formation of the formazon crystals, is directly proportional to the number of live cells in each
sample. MTT cell count is similar to a direct cell count and it is an important method for studies
of cell viability (Remmelink et al., 1999). All the MTT experiments were conducted under
sterile conditions. Bacterial or mycoplasma contamination increases the MTT color product
formed. If purple crystals formed in minutes after the addition of the MTT, the experiment was
stopped and the assay discarded (Heinrich et al., 2005; Denecke et al., 1999).

MTT was reconstituted in sterile PBS (without CaCl, and MgCl,) at a final concentration of
5mg/ml. MTT vials were wrapped in foil to keep the solution in the dark, as MTT is light
sensitive and will decompose, and were stored at —20°C. In each well sample of the multi-well
plates used, 10ul of MTT was added to the cells for 3-hour incubation at 37°C, 5% CO,. Purple
formazon crystals were dissolved with 10% Triton X-100 plus 0.1 N HCI in anhydrous
isopropanol. The dissolved purple solution was incubated for 3-hours at 37°C, 5% CO», and
absorbance was measured at 570nm, with a background absorbance of 690nm, using a
spectrophotometer (Spectramax 190, Molecular Devices, Sunnyvale, CA). Background
absorbance is the absorbance of the wells or any cell debris which may have been produced
by the addition of the MTT solubilization solution. The spectrophotometer subtracted
background absorbance from the absorbance values of each well. Due to the plating technique
at the time each sample was taken, variation of absorbance was seen between each plate of the
same experimental condition. Therefore, average absorbance was taken for each lectin
concentration at each time period and the average of the control cells was expressed as 100%
cell survival. Each concentration of each lectin was tested with six wells in parallel per
CCL-220 assay. For the CRL-1459 cell line, due to limited cell quantities, three wells were
tested in parallel per assay. Each assay was run three times.

Statistical analysis of data

Standard error of the mean (SEM) was used to evaluate variation of absorbance detected
between the different plates. Fisher F-Test (one-way analysis of variance) was performed, using
Microsoft Excel 2003, to compare the results of each cell line and each experimental condition
with each other. Values of p<0.05 were considered significant.
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Lectin bead binding assay

Results of the lectin bead binding assay are summarized in Table 1. Both cell lines, CCL-220
and CRL-1459, displayed positive binding to the poly-L-lysine control beads. DBA-
derivatized beads displayed positive binding, in distilled water and in the presence of the non-
haptenic sugar 0.75M L-fucose, to CCL-220 colon cancer cells and CRL-1459 non-cancer
colon cells. In the haptenic inhibition assays, DBA binding to CCL-220 and CRL-1459 cells
was inhibited in the presence of 0.75M N-acetyl-D-galactosamine. PNA beads did not bind to
either cell line in distilled water or in the presence of 0.75M L-fucose. Figure 1 shows
representative photos of cell binding to beads (a positive binding result) and lack of binding
(a negative binding result).

Effects of lectins on cell lines in culture

PNA—As shown in Figure 2, at 6 hrs incubation, PNA had a slight mitogenic effect on both
cell lines. At 12 hrs, PNA was mitogenic for CCL-220 cells and only substantially at one
concentration (0.05ug/ml) for CRL-1459 cells. At 24 hrs, there was little effect on either cell
line, while at 48 hrs a reverse dose response was observed. For CRL-1459 cells at 0.05,1 and
10ug/ml, viability was reduced; however, viability then increased at 50 and 100ug/ml.
CCL-220 cells also displayed a reverse dose response with reduced viability at 0.5pg/ml
followed by increased viability at 1, 10. 50 and 100ug/ml. At 72 hrs, a very clear reverse dose
response was observed for CRL-1459 cells, with substantially decreased viability at 0.5 and
1pg/ml followed by increased viability at 10, 50 and 100pg/ml. Little effect was observed with
CCL-220 cells at 72 hrs

DBA—As shown in Figure 3, at 6 hrs DBA was slightly toxic to both cell lines. At 12 hrs,
DBA was toxic to CRL-1459 and had little effect on CCL-220. At 24 hrs, slight toxicity was
observed for both cell lines. At 48 hrs, a very clear reverse dose response was observed for
CRL-1459 cells, with toxicity apparent at 0.5 and 1pg/ml and less toxicity at 10, 50 and
100pg/ml. Little effect was observed for CCL-220 cells. At 72, hrs DBA was toxic to CRL-1459
cells and had little effect on CCL-220 cells.

Discussion

In this study, we examined the binding of immobilized lectins, PNA and DBA, on two human
colon cell lines, a non-cancer and a cancer cell line, and determined how the lectins affected
these cells in culture. CCL-220 and CRL-1459 cells were fixed in 1% formaldehyde before
testing their binding capabilities to PNA- and DBA-derivatized agarose beads. Both cell lines
bound to immobilized DBA but not to immobilized PNA. In previous studies, having compared
different cell preparation techniques, such as formaldehyde-fixed, Prefer-fixed and no fixation
(live cells), we found that the tested fixatives did not alter lectin binding to cell surfaces
(Navarro et al., 2002; Welty et al., 2006). In addition, results with the rapid bead binding assay
correlated well with results using long and short term incubation with fluorescently labelled
lectins (Latham et al., 1995a; 1995b; Welty et al., 2006).

The binding of lectins to cell surface ligands initiates the internalization of the lectins into the
cell, sometimes leading to cell death via ribosomal inactivation or the initiation of cascade
processes leading to apoptosis (Kim et al., 1993; Lorea et al., 1997; Gorelik et al., 2001; Gabor
et al., 2001; 2004). Lectin binding to the cell glycocalyx can be inhibited by the addition of
inhibitory sugars. The binding of specific sugars to the lectin binding sites inhibits lectin
binding to the cells. Here, immobilized DBA, an N-acetyl-D-galactosamine binding lectin, was
inhibited from binding to fixed cancer and non-cancerous cell lines in the presence of this
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monosaccharide. There was no inhibition of lectin-cell binding in the presence of L-fucose, a
non-inhibitory sugar, indicating the binding of DBA to the cell surface was mediated through
specific cell surface ligands.

A large number of studies with PNA indicate that this lectin acts in a cell type specific manner,
often promoting proliferation and sometimes producing a toxic effect (Lee 1988;Caldero et
al., 1989;McGarrity et al., 1991;Boland et al., 1992;Ryder et al., 1992;Chen et al., 1994;Kiss
etal., 1997;Lorea et al., 1997;Jordinson et al., 1998;Yu et al., 2001;Singh et al., 2001;
2006;0hba et al., 2003;Cai et al., 2005). Valentiner et al. (2003) in a model study showed that
different lectins exerted different effects at specific concentrations on different breast cancer
cell lines. Their results suggested that certain dietary lectins can inhibit growth of breast cancer
cells. Here PNA sometimes induced cell proliferation or cell death depending on the time period
course of the assay, the lectin concentrations and the cell line examined. The reverse-dose
response effects found in the study reported here on these cell types has not been previously
identified. Many investigators have used either the XTT assay kit (\Valentiner et al., 2003) or
the MTT assay kit (Kiss et al., 1997;Lorea et al., 1997;Cai et al., 2005;Heinrich et al., 2005)
to determine cell proliferation or mitogenicity as we have in the current study.

As with PNA, studies have been reported on binding and the effects of DBA on various cell
lines. DBA also acts in a cell type specific manner. It has usuallybeen reported not to be
cytotoxic to cell lines tested (Chen et al., 1994; Gabor et al., 1998; Ohba et al., 2003). Here,
DBA showed slightly toxic effects on both cell lines, particularly CRL-1459, at some time
points and concentrations. As with PNA, an interesting reverse dose response was observed at
48 hrs with CRL-1459 cells.

In this study the non-cancer cells examined were more dramatically affected by the lectins than
the cancer cells. While this study uses only two lectins and two cell lines, the statistically
significant results indicate the potential usefulness of working with cancer cell and non-cancer
cell line in parallel. This is important because many studies do not examine non-cancer
counterparts when testing for the effects of potential anti-cancer drugs in culture. The findings
here suggest that such testing should be used in these sorts of studies if the goal is to develop
more specific anti-cancer drugs.

The reverse dose response results found here mainly with the CRL-1459 cell line are of major
interest. Many studies begin with testing high concentrations of potential drugs on cells. If no
effects are found with the high concentrations, the compound may be dropped from further
testing. The results found in this study suggest that low concentrations might be tested initially.
We show here that sometimes the effects are induced by low, not high, concentrations. Once
again, this is a simple study that serves to alert investigators to the possibility of reverse dose
responses. Other studies also suggest that a wide range of concentrations of agents should be
initially tested for their effects on cells. Sano et al. (2000) found that migration of monocytes
was best stimulated at 3uM galectin-3 while less stimulation occurred at 20pM or 0.01puM,
while Kiss et al. (1997) found lectin induced growth stimulation and lectin induced growth
inhibition at different concentrations. They also found greater effects of a lectin on growth
stimulation at low concentrations with no effect at high concentrations.

Our results suggest that cells need not necessarily bind strongly to potential drugs for the drugs
to affect them. The results with PNA on both cell types suggest that this is the case. While the
bead assay that rapidly tests cell binding may not always detect very low levels of binding,
previous studies show that results with the bead assay correlate almost identically with those
using labeling over long term and short term with fluorescent labeled lectins (Latham et al.,
1995a; 1995b; Welty et al., 2006). The current dogma assumes that molecules such as lectins
must bind strongly to exposed cell surface components in order for internalization of the bound
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compound (eg lectin) to occur. However, plasma membrane invaginations can offer a
mechanism for internalization of molecules by endocytosis without the need for binding of the
molecules to accessible exposed membrane components (Nichols et al., 2001). Also, direct
non-specific diffusion of proteins across membranes may offer another route of cellular entry
of compounds such as lectins without extensive binding to specific cell surface components
(Middlebrook et al., 1984). Gabor et al. (1998) found that some lectins very loosely or non-
specifically bound to cells, if at all. As it is known that these lectins exert cell-type specific
effects, it is possible that such loose associations can result in lectin internalization by
mechanisms mentioned here and by others. In fact, internalization may not be necessarily
required for lectins to exert their effects on some cell types. This issue is still unresolved and
the results of this study suggest that the issue is more complex than previously believed.

In the development of anti-cancer drugs, lectins can be used directly as toxic agents such as
has been done with mistletoe lectin (Fritz et al., 2004). They also can be used as carrier
molecules that can be conjugated to chemotherapy drugs (Mody et al., 1995; Bies et al.,
2004; Minko 2004). Currently, PNA is being used in this way (Minko 2004). Our results here
show that at 12 hrs PNA was mitogenic to the cancer cell line (CCL-220) displaying maximum
mitogenic activity at 5ug/ml. It was also mitogenic to the non-cancer colon cell line
(CRL-1459) only at one concentration tested (0.05ug/ml). A potent drug could be coupled to
a mitogenic lectin and the combination of mitogenicity and toxicity could synergistically
potentiate the effects of the drug alone on cells. To our knowledge, although the issue of carrier
molecules has been thoroughly explored (Mody et al., 1995; Bies et al., 2004; Minko 2004),
the issue of mitogenic carriers has not been so well investigated.

In summary, while the study reported here only reports on two cell types and two lectins, the
results illustrate a number of important issues: (1) comparing cell lines derived from diseased
and non-diseased tissue can provide useful information on comparative drug effects; (2) agents
may not need to strongly bind to cells to exert significant biological effects; and(3) initially
testing very low concentrations of potential drugs is prudent because of the possibility of
reverse dose responses. The types of issues raised in this paper could be helpful in the design
of experiments and interpretation of the results in the area of drug development.
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Figure 1. Cell binding, or lack of binding, to lectin derivatized bead(s)

Top: Example of positive cell-bead binding. Fixed CCL-220 cells (small spheres) binding to
a single DBA-derivatized agarose bead. Original magnification 400x.

Bottom: Example of negative cell-bead binding. Fixed CCL-220 cells (small spheres) not
binding to DBA-derivatized agarose beads (large spheres) in the presence of 0.75M N-acetyl-
D-galactosamine. Original magnification 200x.
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Figure 2. PNA effects on CCL-220 and CRL-1459 cells at 6, 12, 24, 48, 72 hours in culture

*p<0.05, **p<0.01, ***p<0.001.
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Figure 3. DBA effects on CCL-220 and CRL-1459 cells at 6, 12, 24, 48, 72 hours in culture

*p<0.05, **p<0.01, ***p<0.001.
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Table 1
Summary of results of derivitized bead-cell binding studies

Cell Line Bead Testing Conditions| # of positive trials/number of total trials|
CCL-220 Dolichos biflorus (DBA) Distilled Water 6/6 (100%)
0.2M GalNAc 6/6 (100%)
0.5M GalNAc 6/6 (100%)
0.75M GalNAc 0/6 (0%)
0.75M L-fucose 6/6 (100%)
Arachis hypogaea (PNA)| Distilled Water 0/6 (0%)
0.75M L -fucose 0/6 (0%)
Poly-L-lysine Distilled Water 6/6 (100%)
CRL-1459 Dolichos biflorus (DBA) Distilled Water 6/6 (100%)
0.2M GalNAc 6/6 (100%)
0.5M GalNAc 6/6 (100%)
0.75M GalNAc 0/6 (0%)
0.75M L -fucose 6/6 (100%)
Arachis hypogaea (PNA) Distilled Water 0/6 (0%)
0.75M L-fucose 0/6 (0%)
Poly-L-lysine Distilled Water 6/6 (100%)

GalNAc = N-acetyl-D-galactosamine
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