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Use of lectins in immunohematology

Ajit C. Gorakshakar, Kanjaksha Ghosh

Abstract:

Lectins are carbohydrate binding proteins present in seeds of many plants, especially corals and beans, in fungi and
bacteria, and in animals. Apart from their hemagglutinating property, a wide range of functions have been attributed to
them. Their importance in the area of immunohematology is immense. They are used to detect specific red cell antigens,
to activate different types of lymphocytes, in order to resolve problems related to polyagglutination and so on. The
introduction of advanced biotechnological tools generates new opportunities to exploit the properties of lectins, which
were not used earlier. Stem cell research is a very important area in transplant medicine. Certain lectins detect surface
markers of stem cell. Hence, they are used to understand the developmental biology of stem cells. The role of various
lectins in the areas of transfusion and transplant medicine is discussed in detail in this review.
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Introduction

Lectins are either proteins or glycoproteins and have
nonimmune origin. They combine specifically with
carbohydrate molecules or with carbohydrate groups
present in complex glycoproteins or glycolipids.
Generally, carbohydrates are universally present on
the outer surface of the cell membranes; so, lectins
can be used as tools to detect antigens on cells on the
basis of its surface structure.

Lectins are widely distributed in nature and found in
all kinds of organisms such as plants, fungi, animals,
bacteria, and viruses."’ The amount of lectin varies
in different organisms. In the plant kingdom, they
are mainly seen in the seeds of leguminous plants.
Apart from this, they are seen in the fruiting bodies of
many fungi.”? They may be toxic, inflammatory, and
resistant to cooking or enzymes. There are about 500
species of plants where the hemagglutinating lectins
have been documented. Considering the total number
of plants in the plant kingdom, it can be considered
that lectins are present in plants as an exception
rather than the rule. The hemagglutinating activity of
lectins is inhibited by simple sugars (monosaccharide),
which represent the binding site for the lectin
on the cell surface. Certain plant extracts contain
more than one form of lectin (Ulex europeaus and
Bandeiraea simplicifolia). Lectins can be inactivated
by procedures which denature or break down proteins
such as heating, extremes of pH, and treatment with
proteolytic enzymes such as papain or trypsin.

Materials and Methods

The present review aims at understanding the
importance of uses of various lectins in the field

of transfusion medicine. This includes their use in
blood grouping, in mitogenic activity, in resolving
problems related to polyaaglutination, and it’s
application in stem cell transplantation.

The data presented in this review have been
accessed from various databases such as Web of
Science, PubMed Central, Science Direct, and
National Center for Biotechnology Information to
find out the current status of lectin research and
use of lectins mainly in the area of transfusion
medicine. “Lectins and red cells” and “lectins and
transfusion medicine” were the terms used for
collecting the data. Apart from this, standard text
books on transfusion medicine and various review
articles were also searched for information on lectins.
In addition, several reviews and research articles
where lectins have been used for various purposes
were considered.

History

By the end of the 19" century, it was known
that some proteins can agglutinate red blood
cells. Earlier, the lectins identified were derived
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from plants, specifically from seeds of leguminous plants. They
were called “phytohemagglutinins” because of their property
to agglutinate red blood cells (RBCs). Later on, it was observed
that some hemagglutinins selectively agglutinate red blood cells
of a particular human blood group within the ABO blood group
system. Therefore, in 1954, Boyd and Shapleigh® named them
“lectins” from the Latin word legere meaning “to choose” or “to
select.” This definition was further broadened by Goldstein et al.,*]
which says that lectin is “a sugar-binding protein or glycoprotein
of nonimmune origin, which agglutinates cells and/or precipitates
glycoconjugates.”

In 1888, Peter Stillmark from Russia isolated highly toxic
extracts from seeds of the castor tree (Ricinus communis) and
named it “ricin.” He found that this preparation could agglutinate
RBCs. In 1891, Hellin isolated another toxic hemagglutinin,
“abrin” from jequirity bean (Abrus precatorius). Paul Ehrlich
took lot of interest in these two lectins and subsequently used
them in his basic immunological studies. In 1919, Sumner
isolated lectin from jack bean seeds (Canavalia ensiformis) and
purified it for the first time in crystalline form. This was named as
Concanavalin A. Subsequently in 1936, it was shown by Sumner
that this lectin’s hemagglutinating property was inhibited by
sucrose demonstrating for the first time the specificity of the
lectin. Today, this lectin is widely used for the characterization
and purification of sugar-containing molecules and cellular
structures.

During the early days, lectins were prepared by “the way of
pharmacological isolation”— the phrase coined by Stillmark. This
involved following steps: Salt extraction of the crushed or mashed
beans, precipitation with magnesium sulfate and ammonium
sulfate followed by dialysis. Today, various chromatographic
procedures with some modifications are used to increase the
yield of lectin.

Subsequently several lectins have been detected and extracted
from various sources and during the past two decades, the

Table 1: Blood group specific lectins

three-dimensional (3D) structures of various lectins have also been
established.?

Lectins in Immunohematology

Lectins have been known for the last 126 years. As mentioned
earlier, Stillmark was the first scientist to extract lectin from the
seeds of Ricinus communis in 1888. That time, he observed that
this lectin had hemagglutnating property. Subsequently, lectins
were detected in various plants’ seeds extracts [Abrus precatorius
(Hellin 1891), Jatropha curcas (Siegel 1893), and Croton tiglium
(Elfstrand 1897)] and various invertebrate animals [Helix
pomatia — snail (Camus 1899), horse shoe crab (Noguchi 1903)].
All these extracts were known to agglutinate RBCs. However,
separation of RBCs on the basis of blood groups was not known
at that time. Landsteiner who discovered ABO blood groups in
1900 detected hemagglutinating activity in some nontoxic plant
extracts. In 1909, he observed that hemagglutinating activity of
certain seed extracts was inhibited by either heat-treated serum or
by mucin. The first attempt to find blood group-specific agglutinins
in the seed extracts were made by Marcusson-Begun (1926) and
Sievers (1927) but they were not successful. The fifth decade of
the 20" century witnessed a dramatic improvement of research
in the area of plant seed extracts. Several scientists published
reports of their extensive surveys on the search for seed extracts
showing blood group-specific activity. The reports of Renkonen
in Helisinki (1948),® Boyd and Reguera in Boston (1949),” Bird
in India (1955),® and Boyd in Egypt (1950)®) were some important
reports describing blood group specificity in some seed extracts.

Two different types of extracts were identified. Certain seed
extracts showed hemagglutinating activity against all RBCs
irrespective of specific blood groups while another group of seed
extracts showed blood group-specific activity, which were named
“lectins.” Many lectins having activity against different blood
groups are listed below [Table 1].

Name of the plant Common name

Specific activity References

Vicia cracca

Phaseolus limensis
Dolicos biflorus

Hyptis suaveolens
Bandeiraea simplicifolia

Marasmius oreades
Fomes fomentarius
Sophora japonica
Crotolaria striata
Bandeiraea simplicifolia
Calpurnia aurea
Crotolaria mucronata
Cystisus sessilifolius
Lotus tetragonolobus
Laburnum alpinum
Ononis spinosa
Clerodendrum viscosum
Ulex europaeus

Vicia graminea

Iberis amara
Moluccella laevis

Cow vetch -A Renkonen 1948

Lima bean -A Boyd and Reguera 1949!"!

Kulith -A, Bird 19523

(nonleguminus plant) pignut -A Bird 196057

A woody climbing shrub. Old seeds, collected more -B Makela and Makela 1956

than 1 year back

Mushroom -B Elo et al. 1951558

Fungus -B Makela et al.’?¥

Japanese pagoda tree -A+B Krupe et al. 195228

Rattlepod -A+B Bird 195627

A woody climbing shrub. Fresh seeds -A+B Ottensooser 19639

Wild laburnum -A+B Renkonen 1948

Rattlepod -A+B Renkonen 19481

Broom -H Renkonen 1948

Lotus -H Renkonen 19481

Alpine golden chain tree (P) -H Renkonen 19481

Spiny restharrow -H Cazal 1952651

Hill glory bower -H Herzog 19591

Common goarse -H Cazal19521

South American plant (widely used in blood banks) -N Ottensooser and
Silberschmidt®”!

Rocket candytuft -M41 Allen and Brilliantine 1969143

Bells of Ireland, shell flower -A +-N Bird and wingham 197018
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Determinants of ABO, MN, and P Blood
Group Systems

Blood group antigens are either various sugars or proteins and
they are attached to various components in the red cell membrane.
The antigenic determinants of ABH blood groups are specified by
terminal sugar residues added to a common oligosaccharide chain
(precursor substance). This is done by a series of reactions in which
specific enzymes catalyze the addition of specific sugar molecules.
In the case of MN blood group system, the antigenic specificity
lies in a glycophorin molecule, which is a sialoglycoprotein. It also
carries sugar molecules. Meanwhile, specificity of antigens of P
blood group system lies in globo-series of glycosphingolipids.l'®!

Lewis antigens are biochemically related to the ABH blood
group system. Two main antigens of the system, viz., Le* and
Le?, are formed by the action of the transferase encoded by FUT3
gene. When a subterminal o 1-4 linked fucose is added to the
N-acetylglucosamine of type I chain precursor, Le* antigen is
formed while Le® antigen is formed when o0-1-4-linked fucose is
added to N-acetylgalactosamine of type I H antigen.!'”

Lectins bind specifically to the sugar residues, which project
from red cell membrane causing RBCs to clump. This binding is
as specific as antigenic recognition by antibodies. Considering the
simplicity and cost of the lectins, many lectins are useful as blood
typing reagents. Sometimes, the specificity against more than
one blood group antigen is seen in a lectin (e.g., Dolichos biflorus
against Tn and Cad antigens). However, by diluting this lectin
cross-reactivity can be prevented.

Anti-A

The presence of anti-A in Vicia cracca was the first report with
blood group specificity. Subsequently, Koulumies (1949)!%
showed that this seed extract can be used to differentiate between
blood groups A, and A,. Bird (1952)""¥ reported the presence of
anti-A, activity in the seeds of Dolichos biflorus and he used to
differentiate A, and A, as well as A B and A,B cells. Lectin from
Glycine max shows stronger reactivity with A group RBCs than
with A, group RBCs. The activity is much more than group B RBCs.
(A, > A, > B). Boyd and Reguera!” found anti-A activity in Lima
bean extract (Phaseolus limensis).

A lectin showing specific anti-A, activity was found in the seeds
of Phaseolus coccineus'* while a lectin showing specificity for A,
antigen was found in the seeds of Falcata japonica.l’™

Anti-B

Lectins showing anti-B activity are relatively less common than
those showing anti-A activity. The anti-B specificity was detected
in the “old” seeds (more than 1 year since harvested) of Bandeiraea
(now Griffonia) simplicifolia, a leguminous shrub from West
Africa. It is important because fresh seeds of this plant show some
anti-A activity in addition to anti-B activity.!"* This lectin contains
at least three isolectins, viz., GS I, GSII, and GSIV. Of these, GS I
mainly shows anti-B activity but it also shows some activity against
A, N, and Tn antigens. GS II is specific for Tk antigen while GS IV
is considered to react with Le® and Y antigens.!'” Later on, Lescar
et al."® studied the crystal structure of GS I. They found that this
isolectin contains two different subunits A and B, which combine
to form five different tetrameric structures made up of different
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proportions of two subunits. They are A " A3B, AB, AB3, and B .
with different binding specificities.!"” The A subunit is specific for
oGalNAc but it also recognizes aGal. So it agglutinates both A and
B blood group RBCs. The B subunit is specific for only oGal end
groups and so it agglutinates only B group RBCs. Therefore, GS I
B4 is used for the detection of oGal residues in biological material,
e.g., tissue from human breast carcinomas.”®! The GS I A has a
strong affinity for the Forssman antigen (0GalNAc 1-3 GalNAc)
and the Tn (aGaINAc- Ser/Thr) antigen.?"

Anti-B activity was also detected in the seed coats of Evonymus
species,?? in the fungi Fomes formentarius,* and Clavutinopsis
fusiformis® and in sea weed Ptilota plumose.?* Anti-B activity was
detected in the roe of various species of fish, especially from the
salmon and herring families. Since they are D-galactose-specific,
they also show some activity against P, P1, and P* antigens, which
also have the galactosyl determinants.’

Anti-A+B

Several seed extracts agglutinate both A and B blood group RBCs
but not O group RBCs; Sophora japonica,*® Crotolaria striata,’”
fresh seeds of Bandeiraea simplicifolia and Calpurnia aurea®
are some examples. Lectin extracted from the fruiting bodies of
the mushroom Hygrophorus hypothejusalso agglutinates both A
and B blood group RBCs.*! Lectin isolated from Jerusalem sage,
Phlomis fruticosa, a flowering plant of the Lamiaceae family
seen mainly in the Mediterranean countries is another example
of this category.?"

Anti-H

Anti-H was first detected by Renkonen!® in the extracts of the
seeds of Cystisus sessilifolius, Laburnum alpinum, and Lotus
tetragonolobus. H specificity was exhibited by several lectins
but very few of them are being used as regular reagents. Among
these, the lectin extracted from Ulex europaeus seeds is most
widely used in the area of transfusion medicine." It is being used
for identifying secretor status from the salivas of O blood group
individuals. Similarly, it is also used to differentiate Bombay group
individuals from normal O group individuals. RBCs from Bombay
blood group individuals lack H antigen while those from A, B, O,
and AB blood group individuals have H antigen on their surface.
Therefore, anti-H lectin gives negative reaction with RBCs from
“Bombay” phenotype individuals while it shows agglutination
with variable strength with RBCs from individuals with other
blood groups. The strength of agglutination decreases as follows:
O>AB>A,>B>A >AB. Other seed extracts revealing anti-H
activity have been tabulated in Table 1. Apart from this, anti-H
like activity was seen in the extracts of Pleurocybells porriagens,
Naematoloma sublateritium, and Pholiota squarrosa, which are
various species of fungi.?!

It has been observed that two different types of lectins are present
in Ulex europeaus seed extract.?” They are named as Ulex I and
Ulex II. Ulex I is inhibited by L-fucose but Ulex II is not inhibited
by L-fucose but it is inhibited by di-N-acetylchitobiose, a sugar
with an N-acetylglucosaminyl residue.® It likely that Ulex II
reacts with subterminal N-acetylglucosaminyl residue in the H
structure but only in the presence of terminal L-fucose. Based on
this pattern, anti-H lectins can be divided into two classes.

1. Ulex I: Those that are inhibited by L-fucose, e.g., Lotus
tetragonolobus.
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2. Ulex II: Those which are inhibited by N-acetylglucosmine
derivatives, e.g., Cystisus sessilifoliusand Laburnum alpinum.
This fucose-specific lectin was studied in detail by Loris et al.3¥
They found that its complexes with N-acetylglucosamine,
galactose, and fucosyl galactose showed a promiscuous binding
site. The hydrogen-binding network in these complexes is
considered as suboptimal and is compensated by extensive
hydrophobic interactions in o.Gal/oGalNAc-binding subsite.
So, this is the first lectin with a promiscuous binding site and
stresses the importance of hydrophobic interactions in protein
carbohydrate complexes.

Anti-H reagent extracted from the seeds of Momordica dioica
Roxb.ex wild revealed normal serological properties after
performing standard tests.®™ This lectin showed the strongest
reaction with group O RBCs and negative reactions with RBCs of
25 Bombay phenotype individuals. However, hemagglutination
inhibition studies conducted using specific sugar molecules
suggested that along with H antigen, this lectin recognized
unsubstituted terminal beta-linked galactose units.

The lectin purified from Erythrina corallodendron seeds interacts
with the H antigen in association with the I antigen exhibiting
H/HI specificity.®!

Anti-M and anti-N

Ottenssoser and Silberschmidt®” observed for the first time that
the seed extract of a vetch, Vicia graminea showed agglutination
of RBCs with N antigen more strongly than those lacking it. It
enhances the reaction with trypsin treated red cells.”® However,
sialidase does not affect M or N antigen-binding sites to Vicia
graminea.™ The determinant recognized by Vicia graminea lectin
is often called as Nv# to distinguish it from normal N. In spite of
this, it is widely used in blood banking practice. Some other sources
of anti-N are seed extracts of Bauhinia purpurea,*’) Bauhinia
variegata,*'and the extract from the leaves of Vicia unijuga.*? Allen
and Brilliantine!*? isolated lectin with anti-M specificity from two
species of the genus Iberis, viz., Iberis amara and Iberis umbletta.

Cross Reacting Lectins

Sometimes, single lectin cross-reacts with two different antigens.
Lectins with specificities for both A and B antigens are under this
category. Lectins isolated from Euonymus europeus*! and from
Scardinius eryhrophtalmus®) showed activity against B and H
antigens while lectin prepared from Styela plecata*® exhibited
activity against A and H antigens. Sophora japonica lectin is a
well-known anti-A+B lectin but apart from this, it shows activity
against I antigen.*”? The most remarkable cross-reacting lectin is
the one extracted from Molucella laevis. This is the only lectin that
shows specificity against two antigens from two distinct blood group
systems, viz., A and N antigens.!*s! Later on, Alperin et al.*! isolated
this lectin and found that it was made up of three subunits. Of
these, a 26kDa subunit exhibited both anti-A and anti-N activities.

Certain seed extracts contain separable specific lectins against
different determinants. Many of them are against cryptoantigens;
so these lectins are used in the kit to detect antigens present on
polyagglutinable RBCs. Some of their examples are as follows:
Salvia horminum (anti-Tn + anti-Cad) and Vicia hyrcanica (anti-T
+ anti-Tk). The details are discussed under polyagglutination.
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Lectins Detecting Rare Blood Groups

Lectins generally combine with simple sugar molecules, which
are usually present in the terminal position in the carbohydrate
chains. The specificity depends not only on the terminal sugar
molecules but also on the type of overall subterminal structure,
on the number and distribution of receptor sites, and on the steric
hindrance caused by surrounding molecules. Some lectins pick up
antigens expressing very rare blood groups. In such cases instead
of using expensive antisera, the use of lectins becomes a cheap
technique to detect rare antigens.

MNS is a very complex blood group system and consists of 46
different antigens.® The common antigens such as M, N, or S
are polymorphic in nature. The remaining antigens are variants
of this system, the majority of which reveal a low prevalence and
occur due to deficiency of glycophorin A and/or glycophorin
B. Dantu (MNS 25) and St* (Stones, MNS 15) are MNS variants
with low prevalence. They are associated with delta alpha hybrid
sialoglycoproteins;®!! when ficin pretreated RBCs were tested
with lectin from Vicia graminea, which is specific for N antigen
(anti-NVg), strong positive results were obtained with St(a+)
and Dantu cells only. This indigenous test is very cheap and can
be used as an alternative test for screening these low frequency
antigens. This avoids the use of scarce and costly anti-St (a) and
anti-Dantu antisera.

En (a) is another variant of the MNS system (MNS 28) with high
prevalence. When a first case of rare En (a-) pregnant English
lady with the presence of anti-En® was described by Darnborough
et a5 it was predicted that her unusual blood grouping reactions
were due to some factor affecting the red cell structure possibly
by modifying the cell envelope. Hence, the name anti-En® (for
envelope) was proposed. Subsequently, it was found that unusual
serological characteristics seen with En (a-) RBCs were due to
reduced sialic acid content. Lectin prepared from the seeds of
Maclura aurantiaca binds specifically to sialogycoproteins of
RBCsP¥ and reacts very weakly with En(a-) cells, confirming
the defect related to sialic acid content of RBCs. Similarly, lectin
receptor sites on RBCs of old En (a-) cells for Limulus polyphemus,
Canavalia ensiformis, Triticum vulgaris, and Bauhinia purpureaare
significantly lower. So these lectins are not useful for screening of En
(a-) cells.5*> On the other hand, En (a-) cells react more strongly
with certain lectins than with En (a+) cells.®® These include certain
lectins which have specificity for some blood group antigens. They
are Sophora japonica (anti A+B), Glycine soja (anti A+B), Bauhinia
purpurea (anti-N), Dolichos biflorus (anti-A ), Phaseolus Iunatus
(anti-A), and Arachis hypogea (anti-T). After removal of activity
against the antigens mentioned in brackets, these lectins are useful
to distinguish En (a-) cells from En (a+) cells. Hemagglutination by
the lectin Maclura aurantiaca is considerably reduced in En (a-)
cells;® so this lectin is also useful to pick up En® (-) cells.

Routine Use of Lectins in Blood Banking

As mentioned earlier, although blood group specificity is detected
in several lectins from “legume” seeds, all these lectins are not
routinely used in day-to-day blood banking.

Anti-A lectin obtained from Dolichos biflorus seeds are routinely
used in blood banks to differentiate between A, and A, RBCs. This

15



Gorakshakar and Ghosh: Lectins in immunohaematology

is especially important when the recipient is showing the presence
of anti-A, antibody active at physiological temperature. In such
cases, he should be cross-matched with RBCs of A, blood group.
This lectin also agglutinates Tn- and Cad-positive RBCs. So this
is also useful in detecting antigens involved in polyaggutination.

Anti-H is used to detect a very rare phenotype, viz., “Bombay”
phenotype. All the RBCs accept those from “Bombay” phenotype
show positive reaction with this lectin.

Lectins in Polyagglutination

Although polyagglutination is a rare phenomenon in blood
banking, today it is considered as a potential pitfall in correct
ABO grouping because it hinders the rapid allocation of accurately
cross-matched blood to the patient. Lectins are very useful in
detecting the cryptoantigens involved in polyagglutination. This is
a phenomenon where the RBCs are agglutinated by all the human
sera. Cryptoantigens are generally hidden or masked by membrane
carbohydrates but they are exposed by the action of various
microbial enzymes or by incomplete biosynthesis of membrane
carbohydrates or by somatic mutation of an abnormal clone of
erythrocyte precursor cells. The first two well-characterized RBC
cryptoantigens were T antigen that is a part of carbohydrate portion
of the MN glycoproteins, and is exposed by an enzyme sialidase. Tk
antigen is situated deep in the ABH Lewis biosynthetic pathway
and is exposed by endo-f3 galactosidase from Bacteroides fragilis.®"!
Ness et al.[®” described a case of Tn polyagglutination where the
patient developed acute myelomonocytic leulemia after 2 years.

Polyagglutination is divided into two categories. Acquired
polyagglutination, which includes T, Tk, Th and T antigens, and
acquired B condition while polyagglutination as an inherited
character occurs due to mutation, which is responsible for poor
synthesis of sialic acid residues on glycophorins A and B. Tn
HEMPAS Cad, and Sd* (Super Sid) antigens are involved in it.
Cad antigen was described as a private antigen in a Mauritian
family.[®) Sid antigen shows considerable individual variation in
the strength of the antigen. Subsequently, based on the reactions
of Cad and Sid antigens with Dolichos biflorus Sanger et al.l®!]
concluded that Cad represents strong expression of Sid antigens.
Since polyagglutinability is inherited, it is a lifelong process and
not transient like acquired polyagglutination. The following lectins
[Table 2] are used to differentiate between these antigens. One
should keep in mind that clinical and other laboratory reactions
also should be considered while identifying the cryptoantigen.

Lectins in the Era of Monoclonal Antibodies

Glycan is a generic term for any sugar molecule or assembly of
molecules of different sugars. Lectins and monoclonal antibodies
are widely used in glycan analysis because their specificities help
us to discriminate a variety of glycan structures present on the cell
surfaces. However, each of them has distinct advantages. Plant
lectins are prepared indigenously and are less expensive. Apart
from their use in blood typing, they are used for cell separation
and identification and selection of mutated cells with altered
glycosylation, inducing mitogenesis of cells for tumor cell-killing,
and such other reasons.®® On the other hand, production
of monoclonal antibodies using hybridoma technology is an
expensive procedure. In spite of this, sometimes these antibodies
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Table 2: The reactions of various lectins with different
erythrocyte cryptoantigens involved in polyagglutination
Lectins T Tk Tn Th Cad Tx HEMPAS* PT
Arachis hypogaea + + - o+
Dolichos biflorus - +
Glycine soja + - o+ -
Salvia sclarea - +
Salvia horminum - - w -
Bandeiraea simplicifolia
Salvia farinacea - - w -
Leonurus cardiaca - - - -
Vicia cretica + - - 4+
Medicago disciformis® + - - + - - - -
@Bird and Wingham (1983);¢® *Hereditary erythroblasic
multinuclearity with positive acidified serum lysis test,
‘Papain-treated

|
+

|

|

L+ 4+ 1+ o+ o+
I
I
I

are specifically required to detect certain determinants that are
otherwise not detected by lectins. For example, to detect SLe®
antigen (SialylLe?), which is a prognostic tumor marker,” no
lectins are available but it can be picked up by specific monoclonal
antibodies. On the other hand, the general determinants such as
o 2-6-linked sialic acid (Sambucus nigralectin) and o 1-2-linked
fucose (Aleuria aurantia lectin) have lectin specificity but cannot
be picked up by any monoclonal antibodies. Kolberg et al.[®®]
produced three murine immunoglobin G1 (Ig G1) monoclonal
antibodies against the glucose/mannose-specific two chain
mitogen from the seeds of Lathyrus oloratus (sweet pea). Their
antigenic specificities were tested against subunits of five two-
chain lectins and six one-chain lectins. Two of these antibodies
bound to different epitopes on the lectin molecules. The third
monoclonal antibody reacted with another epitope from the heavy
subunits. Ito et al.?” selected 12 different blood group specific
lectins and used these along with monoclonal anti-A and anti-B
for detecting the corresponding antigens in selected human tissues.
They observed that certain A group-specific lectins bind with A
antigens in the mucous cells of salivary glands from blood group
A or AB secretor as well as from nonsecretor individuals, whereas
lectins from Dolichos biflorus, Griffonia simplicifolia, Sophora
japonica, and Vicia villosa can react with A antigen from secretor
individuals only suggesting either the heterogeneity of A antigen
or difference in the specificity of A group lectin from various seeds.
When B antigen from Brunner’s gland was checked, B antigen-
specific lectin did not show any reaction while monoclonal anti-B
reacted with this B antigen.

Mitogenic Stimulation

Peter Nowell in 19601%! observed that the lectin from red
kidney bean (Phaseolus vulgaris) is mitogenic, i.e., it stimulates
lymphocytes to undergo mitosis. This discovery had a revolutionary
impact on immunology because till that time it was thought that
lymphocyte could neither divide nor differentiate further. The
second mitogenic lectin discovered was from Phytolacca americana
(Pokeberry plant). Since then, several lectins with mitogenic
activity were discovered [Table 3]. The mitogenic power of many
lectins such as Crotalaria juncea, Hura crepticans, and Vicia sativa
is very strong. On the other hand, the mitogenic power of lectins
such as Glycine max and Datura stramonium is weak. Intermediate
mitogenic activity has been exhibited by lectins from Erythrina
indica or Phaseolus lunatus. Lectin isolated from pokeweed was
one of the earliest lectins with mitogenic stimulation.” Later on,
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Table 3: Some lectins with mitogenic activity

Lectin Subunits Common name Lymphosyte subsets Sugar specificity References
Artocarpus integrifolia 4 Indian jackfruit Peripheral blood D-mannose De Miranda
tree mononuclear cells (PBMCs) Santos199217%
Canavalia ensiformis 4 Jack bean Stimulates mouse T cell o man,a-glc Dwyer and Johns
(Concanavalin A) subsets, including precursor on 198178
to suppressor T cell
Succinyl (conconavalin A) 4 — — o man,a-glc. Hesketh et al.
19837
Glycine max 4 Soyabean Predominantly T cells gal NAc Schechter et al.
(Neuraminase treated 197608
lymphocytes)
Maackia amurensis 2 Amur maackia 0 Sialic acid Wang and
Cummins 1988
Phaseolus vulgaris 4 Snap beans Five isoforms each showing Oligosaccharide Leavitt et al.
variable activity against 19801
lymphocytes
Phytolacca americana — Pockweed (glcNAc), Farnes et al.
1964
Pisum sativum 4(ab) (Subunits Garden Pea Lymphocytes o - man, methyl Trow bridge
of different o -D glucoside 197481
molecular weight)
Sambucus nigra 4(ab) Elder o NeuNAc, (2—6) Macewicz et al.

Hura crepitans Sand box Tree

Datura
Coral tree

Datura Stramonium 2
Erythrina corallodendron 2
(Neuraminase treated
lymphocytes)

Lymphocytes
Predominantly T cells

gal/ gal NAc (2005)#2
T but not B lymphocytes Gal NAc/Gnl Falasca et al.
(1980)e3!

N-acetyl glucosamine Kilpatrick 19994
D-galactosamine, Gilboa Garber
N-acetyl-D-galactosamine, (1981)#%
ab-galctosides,

D-galactose

They are also useful in lymphocyte subpopulation studies and histochemical studies of normal and pathological conditions, a-Man: o Mannose,
aGlc: o Glucose, Gal: Galactose, GlcNAc: N-Acetyl D-Glucosamine, o-NeuNAC: N-Acetyl-Neuraminic Acid, GaINAC: N-Acetyl-D-Galactosamine

Kino et al."V isolated three lectins (PL-A, PL-B, and PL-C) from
its root, which showed mitogenic activity.

Lectins prepared from jack beans, phytohemagglutinin (PHA),
and lentil activate T lymphocytes only” while lectin from slime
mold Dictyostelium pupureum and chicken tissue stimulate B cells
only.” Pokeweed mitogen stimulates both T cells and B cells.”
Wheat germ agglutinin (WGA) also stimulates both T cells and B
cells but under selected conditions!’ Lectin from the kidney bean
revolutioned the field of mitogenesis.

Can We Improve Upon Lectins?

The yields of natural sources of lectins are very low (0.1-5 mg/L
culture medium). Today, this yield has increased to 20 mg/L
culture medium by using various advanced techniques.® To
improve the yield of lectin to a sizable quantity, the lectin genes
are expressed in various strains of E.coli.¥%8
poses some challenges. These include protein misfolding, protein
degradation, and low solubility. Small ubiquitin-like modifier
(SUMO) fusion technology enhances protein expression and
solubility.®! This technology has been tried to improve lectin
yield. Upadhyay et al.®” prepared fusion of the Allium satuvum
leaf agglutinin (ASAL) with SUMO peptide. Certain properties such
as dimerization, hemagglutination, and insecticidal properties of
the recombinant SUMO-ASAL fusion protein were comparable to
native protein. However, its carbohydrate specificity was altered.
Therefore, more studies are required to correct the carbohydrate
specificity if possible.

| However, E.coli also
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Bauhinia purpurea lectin (BPA) contains a long metal-binding
loop. A certain area of this loop determines the carbohydrate
binding specificity of the lectin. Yamamoto et al®" introduced
random mutations in the cDNA corresponding to the carbohydrate
binding peptide of BPA lectin. These mutants were expressed on
the tail of yfoo phages as fusion proteins. Among the recombinant
phages, several phage clones were expressing specific sugar binding
properties. This immediately raised the possibility of preparing
artificial or engineered lectins (cyborg lectins) with desired
carbohydrate-binding specificities.

Lectins and Bone Marrow/Stem Cell
Transplantation

T cells are a type of lymphocytes, which are involved in
cell-mediated immunity. There are different types of T cells having
various functions related to immunologic procedures. Helper
T cells, when activated, divide rapidly and secrete cytokines
that assist in active immune response. They carry MHC class II
molecules, which include three major and two minor proteins
encoded by HLA genes. Cytotoxic T cells are involved in transplant
rejection via graft-versus-host disease (GVHD). These cells are
associated with MHC class I molecules, which include three major
and three minor proteins encoded by HLA genes. They are present
on all nucleated cells. Therefore, for successful transplant across
HLA barriers T cells should be removed from the bone marrow
before transplant.

The seeds of Glycine max (soyabean) contain 120KDa tetrameric
glycoprotein with affinity for GalNAc. It is a product of a single
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gene locus; however, an insertion of a transposable element blocks
its expression.'” Liener in 1950 initiated pioneering work on this
interesting lectin, which was well-reviewed by him in 1974.* This
lectin is of vast importance in the field of clinical bone marrow
transplant.

The soyabean agglutinin (SBA) specifically agglutinates murine
B cells but not T cells. However, in humans SBA agglutinates
helper T cells, along with B cells and monocytes. A second step of
treating unagglutinated fraction with sheep RBCs was employed for
enrichment of hematopoietic precursors and complete removal of T
cells. The remaining unagglutinated nonrosetting fraction maintained
complete hematopoietic function and did not induce GVHD. Using
this technique, Reisner et al® performed successful transplant in mice
as well as in an infant with acute leukemia®’ and in three patients
with severe combined immunodeficiency (SCID).® T cell depletion
of bone marrow allows transplantation across HLA barriers. Therefore,
the abovementioned technique is a cheap and convenient technique to
prepare T cell-depleted bone marrow. Using this technique, Slocombe
et al¥” could avoid GVHD in 11 patients with leukemia.

However, Schiff et al.® failed to show selective removal of
T lymphocytes from the bone marrow using SBA agglutinin while
Ben-Yosef et al® could not see any additional beneficial effect in
breast cancer patients undergoing SBA purged bone marrow transplant.

The use of sheep RBCs has a risk of transmitting viruses. So, Meijer
et al." replaced “the sheep RBC step” from the above technique
by using monoclonal antibodies CD2/CD3. But unfortunately, they
found increased incidence of Epstein-Barr virus (EBV)-associated
lymphoroliferative disorders. In series of 48 children with SCID,
it was observed that 100% children (11 cases) survived when they
received histocompatible-related donor bone marrow while in
the second group (37 cases), 46% children survived when they
received T cell-depleted haploidentical bone marrow during
transplantation. After comparing various clinical parameters, it
has been concluded that early diagnosis, prevention of treatment
of opportunistic infections, and enhancement of immune recovery
can improve the survival rate of SCID patients treated with
T-cell-depleted (TCD) bone marrow transplant.!'°!

In a longitudinal study of bone marrow transplant in acute
myeloid leukemia cases,!'®? T cell Depleted (TCD) bone marrow
cells were prepared using soyabean lectin agglutination technique
followed by sheep RBC rosette depletion for bone marrow and were
compared with unmodified grafts in patients who were conditioned
using various drugs; it was observed that GVHD was significantly
reduced in TCD than in unmodified graft.

Even though a promising procedure for cure of cancers and
other diseases, human stem cell transplant remains a dangerous
procedure with many complications such as development of new
cancers, GVHD, and autoimmune diseases.

Today the separation of subcell population depends upon
use of specific antibodies against various cell surface epitopes.
However, lectins can serve as a very good alternate method for
cell differentiation using cell lineage-specific glycans. Apart from
separation, this can help in understanding the role of glycans in
maintenance and proliferation. The main advantage of this method
is that lectins can be easily removed from cells using appropriate

18

sugar without damaging the cells. Similarly, cost is an important
factor as lectins are not expensive.

Mandai et al.'® used wheat germ agglutinin (WGA) and Erythrina
cristagalli agglutinin (ECA) to enrich mouse embryonic stem cells
derived from retinal progenitor cells for transplantation therapy.
Toyoda et all'® in their lectin microarray analysis found that
Maackia amurensis, Euonymus europaeus and Phaseolus vulgaris
leukoagglutinin lectins can be used to define undifferentiated and
differentiated human embryonic stem cells. Dodla et al'%! used
Vicia villosa lectin for isolation of human neural progenitor cells.
Wang et al.l'® after their interesting experiments concluded that
Ulex europaeus I is a potential tool for isolating viable human
pluripotent stem cells (hPSCs) with substantial pleuripotency
from heterogeneous cells population. Chen et all'””! identified
a novel cell surface receptor on adult mouse cardiac progenitor
cells using Dolichos biflorus lectin. This may help to separate
these cells using a simple and cheap test. Mikkola et al.l'%! found
that Erythrina crystagalli lectin, along with pinacidil, supported
the plating efficiency of human embryonic stem cells (hESCs) and
induced pluripotent stem cells (iPSCs). During the proliferation of
these cells, a normal karyotype was seen.

Maintaining ex vivo culture of hematopoietic stem cells is a
great challenge as it requires cytokines to maintain primitive cells
without inducing proliferation, differentiation, and subsequent
loss of repopulating capacity. Colucci et al.'® extracted a lectin
from Dolichos lablab [called Flt3 receptor interacting lectin
(FRIL)], which was able to preserve cells for 1 month. Later on,
Yao et al "% preserved neural progenitor cells for 1 month using
the same lectin FRIL.

In human pleuripotent stem cells, each cell lineage has a specific
set of surface markers. Well-known pleuripotency markers such
as SSEA3 and SSEA4 are glycans. Tateno et al.'' performed
glycome analysis of a large set of human-induced pleuripotent
stem cells and human embryonic stem cells using a high density
lectin microarray. They found that a recombinant N-terminal
somin of a lectin extracted from Burkholderia cenocepacia bound
exclusively to all of the undifferentiated hPSCs tested but not to
differentiated cells.

Conclusion

The first phytoagglutinin extracted from castor bean was shown to
possess hemagglutinating activity. Since then, several plant lectins
revealed this activity but blood group specific activity in lectins was
detected in the 1950s. Among the several lectins showing blood group
specific activity, lectin from Dolichos biflorus (anti-Al) and Ulex
europeaus (anti-H) are routinely used in blood banking. A kit designed
to detect various cryptoantigens using several specific plant lectins
are useful to resolve the problem of polyagglutination. Mitogenic
stimutation by lectins revolutionized the area of cytogenetics.

Stem cells are very important due to their remarkable potential
to develop into many different cell types in our body. However,
the separation processes for the isolation and purification of stem
cells and stem-derived cells are a crucial issue. The work initiated
using soyabean lectin to prepare T-depleted stem cells helped to
use human leukocyte antigen (HLA) haploidentical stem cells for
transplantation while today lectin-based microarrays identify
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several surface markers on stem cells helping to understand the
developmental biology.

Thus, lectins have tremendous potential in the field of transfusion
medicine and stem cell research. In this era of molecular biology
and biotechnology, it is possible to improve upon available lectins
for various biological activities in immunohematology and stem
cell biology.
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