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HIGHLIGHTS
•	 Lectins act as essential factor of the normal differentiation and growth of all humans and animals.
•	 Phytohemagglutinin (PHA) is a lectin (mucoprotein) from Phaseolus vulgaris.
•	 Crude extract of PHA could be used in human leucocyte cultures as mitotic stimulator.
•	 The indigenous PHA have used to identify chromosome preparation in normal conditions and malignancies.
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ABSTRACT

Lectins are believed to act as modulations of cell substratum interactions and to be 
essential for the normal differentiation and growth of all multicellular humans and 
animals. Although several lectins have been reported from microfungi, many more genera 
remain unexplored and their physiological role is also uncertain. The aim of this laboratory 
work was to make a comparison between self-made lectins (Indigenous) and commercial 
ones, following High Resolution Cell Synchronization technique (HRCS). Cytogenetic 
studies were performed in 175 normal healthy blood donor individuals of both genders 
and statistical analysis was performed. Our results indicated that the preparation of fresh 
phytohemagglutinin at the time of cell division and cell culture procedure reveals a 
satisfactory score. The overall frequency of mitotic index in our study was higher when 
compared with commercial imported Lectins (p < 0.05). The significant differences in 
the results may be due to fresh preparation. However, the cost effective, easy and nearest 
approach of this indigenous product, as well as the high demand for this product, among 
health care services can be considered.
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Introduction 

Phytohemagglutinin (PHA) is a lectin (mucoprotein) 
from Phaseolus vulgaris and comprises two 30-kDa 
subunits along with an N-terminal sequence (Goossens et 
al., 1994). PHA-P is the protein form and PHA-M is the 

mucoprotein form of these isolectins (Pandit et al., 2016).
The commercially available PHA has been used for 

many years in human leucocyte cultures for cytogenetic 
studies, but it is very expensive; therefore, an attempt 
was made to utilize the crude seed extract of P. vulgaris 
in the leucocyte cultures, which is less expensive. 
Also, there has been very few and inconclusive studies 
using the crude extract of PHA in human leucocyte 
cultures (Sharon and Lis, 2004). Therefore, Pokeweed 
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mitogen (PWM), which was known to stimulate T 
and B-lymphocytes, and some other mitogens such as 
Concavalin A (Con-A), lipopolysaccharide (LPS), Wheat 
Germ Agglutinin (WGA) and Soybean Agglutinin (SBA) 
were used and their mitotic stimulating effects in single 
use and combined use of these mitogens were compared 
(Sofuni and Yoshida, 1992). One of the mitogens, PHA, 
has been widely used for mitotic stimulation of human 
lymphocytes, and several different types of PHA, such as 
PHA-P, M,W and others, comparing its ability to induce 
mitoses, were presented by other workers (Morgan and 
Watkins, 2000; Velloso et al., 2002; Onaga and Taira, 
2008; Espinosa et al., 2009; Meesmann et al., 2010; 
Beinke et al., 2016). Dectin-1, a β-glucan receptor, is 
the mammalian lectin that was identified by Gordon and 
Brown (Caudill et al., 2015). A new type of plant root 
lectin found in different leguminous plants but not in 
plants of different family (Kalsi and Etzler, 2000).

PHA has the potential to induce closer contacts between 
adjacent cell membranes; it is an N-aceteylgalactosamine/
galactose sugar-specific lectin with wide variety of 
biological activities (Zhang et al., 2008). PHA has been 
successfully used for membrane-induced fusion in human 
oocytes (Tesarik et al., 2000), bovine oocyt (Hong et al., 
2005), and caprine oocytes (Begin et al., 2003). It was 
the first direct evidence of the involvement of bacterial 
lectins in the initiation of infection, as well as the basis 
for the present attempts in academia and industry to apply 
carbohydrates for antiadhesion therapy of such diseases 
reviewed by Mulvey and co-workers (Mulvey et al., 2001).

Since the development in the early 1960s of convenient 
methods of culturing peripheral blood leukocytes 

(Nowell and Hungerford, 1960), the study of human 
chromosomes has been a rapidly advancing, exciting 
field. Earlier attempts were made to analyze human and 
other mammalian chromosomes by utilizing tissues, 
such as bone marrow and testicular tissue, in which cells 
in division were present. These investigators tried to 
adapt a plant chromosome methodology to the study of 
human tissues, but were largely unsuccessful. Frustration 
occurred because of the large number of chromosomes in 
the human complement, which meant that they could not 
be spread out and separated enough to visualize the entire 
complement of one cell. For the automation of human 
chromosome analyses, the accumulation of an enormous 
number of mitoses is thought to be a great advantage 
(Misawa et al., 1988; Kushida et al., 2000; Horwitz, 
2007; Ikehara, 2009; Tsao et al., 2009; Kim and Yu, 2014; 
Schreiber et al., 2014; Nath et al., 2015). 

In addition to the well-established effect of PHA on 
mitotic stimulation, and based on the current literature, the 
advantages of the PHA agent would indicate the potential 
sources for developing a novel pharmaceutical preparation. 
However, reports in which the culture condition of human 
lymphocytes, including the stimulating condition by 
mitogens, was examined in detail were quite limited, and 
the purpose of the present study is to establish the most 
appropriate condition in mitotic stimulation to human 
lymphocytes.

Materials and Methods
Materials

 
PHA, Colcemid, RPMI 1640 and fetal bovine serum were 
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Figure 1. Comparison of mitotic index (MI) between Exp-I and Exp-II (p < 0.001).
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supplied from Gibco-BRL (Grand Island, NY, USA). All 
other chemicals were supplied form Merck Chemicals 
(Germany) and Sigma (USA). 

Sample information 

We studied 175 normal adults in order to determine the 
simultaneous effect of two different mitogens for cell 
division and karyotype procedure. Of these, 85 were males 
and 90 were females. The experiment was evaluated at 
Tehran during the year 2004-2015. The samples were 
taken from the individual with their consent. Personal 
information of the individual was kept confidential. No 
medicines or drugs were taken by this group for at least 
one month prior to sampling. Also, those suffering from 
genetic disorders, cancers, chronic and acute leukemia, 
syndromes, current viral infections, or who had a general 
or dental X-ray in less than a month were excluded from 
the study; also, they were to have had no recorded over-
exposure in their personnel medical documents. 

Study design

In each sample, 0.5-1.0 ml peripheral blood was obtained 
from each individual. For the culture, 3-5 × 106 cells were 
cultured in 4 ml medium (RPMI 1640) supplemented 
with 15% heat inactivated fetal bovine serum and the total 
preparation of PHA (5 µl/ml according to the manufacture’s 
description). Also, 5µl/ml PHA with similar concentration 
was prepared by ourselves in a research laboratory at 37 ºC 
in an atmosphere containing 5% CO2. Briefly, the cultured 
cells were treated with Colcemid at the final concentration 

of 10 µg/ml and incubated at 37 ºC for an additional 20 
min. The contents of the tube were then centrifuged for 10 
min at 1000 rpm and re-suspended in 10 ml of 75 mM KCl 
(0.56%) pre-warmed to 37 ºC for 20 min. At this stage, 1 
ml of Carnoys Fixative (3:1 methanol: acetic acid) was 
added into the tube, and this fixation step was repeated 
four times. Ten slides were prepared for each culture and 
stained for 3 min with Giemsa. Slides were examined with 
an Olympus model BH-2 light microscope. Experimental 
examination of mitotic division was described according 
to ISCN (Brothman, Persons et al., 2010).

Statistical analysis

The data of mitotic index (MI) on the slides were pooled 
after t-testing and the statistical differences yielding p 
< 0.05 were considered significant.   Data analysis was 
performed by SPSS (version 16, Inc. USA) software.

Results

This series of 175 normal individual blood donors could 
be grouped into two experiments (I and II) to replicate 
categories according to the nature of two different 
mitogen cell division treatments. Two different mitogens, 
viz. ‘self-made’ indicated as Exp-I, and ‘commercial 
imported’ designated as Exp-II, were used simultaneously 
for cell division.

Slides for both experiments were coded and 
randomized prior to scoring MI. Consecutive metaphases 
on blind selected slides per replicated preparation 
were scored, whether or not they were suitable for the 
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Figure 2. Comparison of mitotic index (MI) in Exp-I and Exp-II with two different culture periods (p < 0.001).
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full analysis. Well metaphases, spread on two to five 
slides from each of the two experiments of cell culture 
(replicate) with different stimulated cell division were 
scored. In eight cases, no outgrowth was obtained, hence 
another five normal blood samples (cases) was prepared 
with fresh simultaneous mitogen treatments. Generally, 
chromosome preparation obtained from Exp-I exhibited 
a higher mitotic activity than the Exp-II individual 
culture preparation of commercial mitogen material. 
This indicated that no consistent differences for MI were 
observed between Exp-I and Exp-II for eight (8%) cases. A 
total of 73 (77%) cell culture preparations were harvested 
after three days (72 h), while the remaining 27 (23%) 
cell culture preparations were arrested at 48 hours. This 
application of alternative treatment has been followed by 
a standard and conventional method in accordance with 
ISCN to arrive at a firm conclusion. 

Results revealed some differences in population 
percentages with various MI between the two experiments 
(Table 1). It was observed that the mean value of the 
MI in the Exp-I was significantly greater than that 
obtained in Exp-II (135.77 vs 102.16, p < 0.001) (Fig. 1). 
The difference significantly increased when applying 72 
h with respect to 48 h for both Exp-I and II (p < 0.001) 
(Fig. 2), whereas the difference was not found to be 
significant, considering the distribution of gender 
between the two experiments (p < 0.007). Figures 3 
and 4 illustrate the effect of culture periods on the 
MI in Exp-I and Exp-II, respectively, and as can be
seen, the difference was significant only at 72 h 
(p < 0.001) in comparison with 48 h culture period 
(p = 0.510). 

Discussion

The results of this research show that the extracted PHA 
can be used in the leucocyte cultures for the cytogenetic 
studies. In developing countries like Iran, where 
cytogenetic tests are becoming routine in hospitals and in 
research, the extracted PHA may be utilized, which is less 
expensive and has a shelf life of more than one year when 
stored at −20 °C.

Numerous evidences have demonstrated the wide 
variety biological activities of PHA, such as the 
mitogenetic stimulation of lymphocytes and agglutination 
of cancer cells. The role of various glycosyltransferase in 
the pathogenicity of cancer cells was also indicated (Kim 
et al., 2008) and the fusion of mammary gland epithelial 
cells into enucleated oocytes in caprine, bovine, goats have 
been exhibited (Tesarik et al., 2000; Begin et al., 2003; 
Hong et al., 2005). Lectin precipitations using PHA are 
considered as candidate biomarkers for colorectal cancer 
discovery (Kim et al., 2008). A PHA skin test is an easy and 
reliable method of providing an impression of the immune 
response of surgical patients; it has many advantages 
above the commonly employed primary and secondary 
antigens (Meijer et al., 1984). Insulin, like Growth 
Factor-1, promotes cord blood T cell mutation and inhibits 
its spontaneous and PHA-induced apoptosis through 
the down regulation of Fas expression (Tu et al., 2000).

The present work confirmed and extended our 
previous findings, that the most normal control cases 
revealed a well-spread MI when a self-made mitogenic 
product was used, compared with the mitotic index in 
malignant diseases. 
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Figure 3. Comparison of mitotic index (MI) in Exp-I and Exp-II with 72 h culture period (p < 0.001).
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Cytogenetic findings in hematologic malignancies are 
useful in diagnosis and prognostic approaches. Generally, 
those samples with low cell counts fail to produce 
sufficient metaphases for accurate diagnosis. Even when 
cultures were successful, the chromosomes were often 
highly contracted, and the metaphases spread showed 
low quality (Misawa et al., 1988). Based on the present 
investigation, significant differences (P<0.001) between 
Exp-I and II for MI were found by applying simultaneous 
treatments of both mitogen reagents. It is reasonable to 
state that this variation could be a sufficiently significant 
reason for using the application of an indigenous product 
rather than an imported commercial PHA mitogen. 
Moreover, with the improved MI obtained from the 
procedure presented here, a more precise identification 
of chromosomal abnormalities in routine laboratory 
diagnosis of neoplasia would be possible.

Furthermore, it is reasonable to state that lectins could 
act as modulations of cell substratum interactions and to 
be essential for the normal differentiation and growth of 
all multicellular animals. They are capable of inducing cell 
proliferation, cell arrest, or apoptosis (physiological cell 
death) and have been implicated in organ morphogenesis, 

tumor cell metastasis, leukocyte trafficking, skin test for 
immunological assessment response, and inflammation, 
as well as the recognition of extracellular matrix (Sharon 
and Lis, 2004).

Conclusion

Our attempts to develop a self-prepared PHA have led us 
to the following conclusions; The fresh preparations of 
indigenous PHA mitogen, have used in order to identify 
chromosome preparation for normal, as well as other, 
malignancies are superior to other imported commercial 
products. This is due to the product being indigenous, has 
more metaphases scores, freshness, cost-effectiveness, 
and has easy access, as it is a local product. Briefly, in 
our country the challenge for the biotechnology and 
therapeutic product as a profession is in its initial stages 
compared to the developing countries, although the results 
of this study may reveal a high demand for this product 
among health care and clinical dimensions. However, 
additional experiments are necessary to establish the most 
appropriate condition of using different mitogens for the 
metaphase preparation.
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Figure 4 
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Figure 4. Comparison of mitotic index (MI) in Exp-I and Exp-II with 48 h culture period (p = 0.510).

Table 1. Population percentage with different MI.

Number of individuals

Experiment MI > 300 200 < MI < 300 100 < MI < 200 MI < 100

Exp-I   (percentage) 11 (8 %) 7 (6 %) 7 (6 %) 25 (24 %)

Exp-II  (percentage) 0 (0 %) 10 (10 %) 12 (12 %) 27 (27 %)



A. Movafagh, et al. / TPPS 2016 1(2) 83-88

88

Acknowledgements

We wish to thank Niloofar Safavi for her excellent 
technical assistance. 

Competing Interests 

The authors declare that they have no conflict of interests.

References

Begin, I., B. Bhatia, K. Rao, R. Keyston, J. Pierson, N. Neveu, F. 
Cote, M. Leduc, A. Bilodeau and Y. J. Huang, (2003). ″Pregnancies 
resulted from goat NT embryos produced by fusing couplets in the 
presence of lectin.″ Reproduction, Fertility and Development, 16(2): 
136-136.

Beinke, C., M. Port, A. Lamkowski and M. Abend, (2016). 
″Comparing seven mitogens with PHA-M for improved lymphocyte 
stimulation in dicentric chromosome analysis for biodosimetry.″ 
Radiation Protection Dosimetry, 168(2): 235-241.

Brothman, A., D. Persons and L. Shaffer, (2010). ″Nomenclature 
evolution: changes in the ISCN from the 2005 to the 2009 edition.″ 
Cytogenetic And Genome Research, 127(1): 1-4.

Caudill, M. T., E. L. Spear, C. W. Varian-Ramos and D. A. Cristol, 
(2015). ″PHA-Stimulated Immune-Responsiveness in Mercury-Dosed 
Zebra Finches Does Not Match Results from Environmentally Exposed 
Songbirds.″ Bulletin Of Environmental Contamination And Toxicology, 
94(4): 407-411.

Espinosa, E. P., M. Perrigault, J. E. Ward, S. E. Shumway and B. 
Allam, (2009). ″Lectins associated with the feeding organs of the oyster 
Crassostrea virginica can mediate particle selection.″ The Biological 
Bulletin, 217(2): 130-141.

Goossens, A., R. Geremia, G. Bauw, M. Montagu and G. Angenon, 
(1994). ″Isolation and characterisation of arcelin-5 proteins and 
cDNAs.″ European Journal Of Biochemistry, 225(3): 787-795.

Hong, S., S. Uhm, H. Lee, C. Park, M. Gupta, B. Chung, K. 
Chung and H. Lee, (2005). ″Developmental ability of bovine embryos 
nuclear transferred with frozenthawed or cooled donor cells.″ Asian-
Australasian Journal of Animal Sciences, 18(9): 1242-1248.

Horwitz, M. E. (2007). ″Sources of human and murine hematopoietic 
stem cells.″ Current Protocols in Immunology, 22A: 22.21- 22.26.

Ikehara, S. (2009). ″A new bone marrow transplantation method 
for stem cell disorders.″Annals of the New York Academy of Sciences, 
1173(1): 774-780.

Kalsi, G. and M. E. Etzler, (2000). ″Localization of a Nod factor-
binding protein in legume roots and factors influencing its distribution 
and expression.″ Plant Physiology, 124(3): 1039-1048.

Kim, J. S. and I. J. Yu, (2014). ″Single-wall carbon nanotubes 
(SWCNT) induce cytotoxicity and genotoxicity produced by reactive 
oxygen species (ROS) generation in phytohemagglutinin (PHA)-
stimulated male human peripheral blood lymphocytes.″ Journal of 
Toxicology and Environmental Health, Part A, 77(19): 1141-1153.

Kim, Y. S., O. L. Son, J. Y. Lee, S. H. Kim, S. Oh, Y. S. Lee, C. H. 
Kim, J. S. Yoo, J. H. Lee and E. Miyoshi, (2008). ″Lectin precipitation 
using phytohemagglutinin-L4 coupled to avidin–agarose for serological 
biomarker discovery in colorectal cancer.″ Proteomics, 8(16): 3229-
3235.

Kushida, T., M. Inaba, K. Ikebukuro, T. Ngahama, H. Oyaizu, S. 
Lee, T. Ito, N. Ichioka, H. Hisha and K. Sugiura, (2000). ″A new method 
for bone marrow cell harvesting.″ Stem Cells, 18(6): 453-456.

Meesmann, H. M., E.-M. Fehr, S. Kierschke, M. Herrmann, R. 
Bilyy, P. Heyder, N. Blank, S. Krienke, H.-M. Lorenz and M. Schiller, 

(2010). ″Decrease of sialic acid residues as an eat-me signal on the 
surface of apoptotic lymphocytes.″ Journal of Cell Science, 123(19): 
3347-3356.

Meijer, S., A. Bom-van Noorloos and J. Visser, (1984). 
″Phytohemagglutinin skin test for the immunological assessment of the 
surgical patient.″ European Surgical Research, 16(6): 348-353.

Misawa, S., H. Yashige, S. Horiike, M. Taniwaki, H. Nishigaki, 
T. Okuda, S. Yokota, S. Tsuda, J. Edagawa and H. Imanishi, (1988). 
″Detection of karyotypic abnormalities in most patients with acute 
nonlymphocytic leukemia by adding ethidium bromide to short-term 
cultures.″ Leukemia Research, 12(9): 719-729.

Morgan, W. T. and W. M. Watkins, (2000). ″Unravelling the 
biochemical basis of blood group ABO and Lewis antigenic specificity.″ 
Glycoconjugate Journal, 17(7-9): 501-530.

Mulvey, G., P. I. Kitov, P. Marcato, D. R. Bundle and G. D. 
Armstrong, (2001). ″Glycan mimicry as a basis for novel anti-infective 
drugs.″ Biochimie, 83(8): 841-847.

Nath, A. B., A. Sivaramakrishna, K. Marimuthu and R. Saraswathy, 
(2015). ″A comparative study of phytohaemagglutinin and extract 
of Phaseolus vulgaris seeds by characterization and cytogenetics.″ 
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 
134: 143-147.

Nowell, P. C. and D. A. Hungerford, (1960). ″Chromosome studies 
on normal and leukemic human leukocytes.″ Journal of the National 
Cancer Institute, 25(1): 85-109.

Onaga, S. and T. Taira, (2008). ″A new type of plant chitinase 
containing LysM domains from a fern (Pteris ryukyuensis): roles of 
LysM domains in chitin binding and antifungal activity.″ Glycobiology, 
18(5): 414-423.

Pandit, H., G. Thakur, A. R. K. Gopalakrishnan, E. Dodagatta-
Marri, A. Patil, U. Kishore and T. Madan, (2016). ″Surfactant protein 
D induces immune quiescence and apoptosis of mitogen-activated 
peripheral blood mononuclear cells.″ Immunobiology, 221(2): 310-322.

Schreiber, S., A. Gocht, F. Wegwitz, W. Deppert and U. Schumacher, 
(2014). ″Lectin Histochemistry of Murine WAP-T Mammary Cancer 
Reveals Similar Glycoconjugate Changes to Those in Human Breast 
Cancer.″ Anticancer Research, 34(12): 7045-7053.

Sharon, N. and H. Lis, (2004). ″History of lectins: from 
hemagglutinins to biological recognition molecules.″ Glycobiology, 
14(11): 53R-62R.

Sofuni, T. and M. C. Yoshida, (1992). ″Combined use of several 
mitogens for mitotic stimulation to human lymphocytes.″ Journal Of 
Radiation Research, 33(Suppl 1): 222-230.

Tesarik, J., Z. P. Nagy, C. Mendoza and E. Greco, (2000). 
″Chemically and mechanically induced membrane fusion: non-
activating methods for nuclear transfer in mature human oocytes.″ 
Human Reproduction, 15(5): 1149-1154.

Tsao, G. J., J. A. Allen, K. A. Logronio, L. C. Lazzeroni and J. A. 
Shizuru, (2009). ″Purified hematopoietic stem cell allografts reconstitute 
immunity superior to bone marrow.″ Proceedings of the National 
Academy of Sciences, 106(9): 3288-3293.

Tu, W., P.-T. Cheung and Y.-L. Lau, (2000). ″Insulin-like growth 
factor 1 promotes cord blood T cell maturation and inhibits its 
spontaneous and phytohemagglutinin-induced apoptosis through 
different mechanisms.″ The Journal of Immunology, 165(3): 1331-1336.

Velloso, L. M., K. Svensson, G. Schneider, R. F. Pettersson and Y. 
Lindqvist, (2002). ″Crystal structure of the carbohydrate recognition 
domain of p58/ERGIC-53, a protein involved in glycoprotein export 
from the endoplasmic reticulum.″ Journal of Biological Chemistry, 
277(18): 15979-15984.

Zhang, Y., F. Liu, D. Sun, X. Chen, Y. Zhang, Y. Zheng, M. Zhao 
and G. Wang, (2008). ″Phytohemagglutinin improves efficiency of 
electrofusing mammary gland epithelial cells into oocytes in goats.″ 
Theriogenology, 69(9): 1165-1171.


