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Abstract: The hierarchical clustering method has been used for exploration of gene expression and proteomic profiles;
however, little research into its application in the examination of expression of multiple cytokine/chemokine responses to
stimuli has been reported. Thus, little progress has been made on how phytohemagglutinin (PHA) affects cytokine expres-
sion profiling on a large scale in the human hematological system. To investigate the characteristic expression pattern
under PHA stimulation, Luminex, a multiplex bead-based suspension array, was performed. The dataset collected from
human peripheral blood mononuclear cells (PBMC) was analyzed using the hierarchical clustering method. It was revealed
that two specific chemokines (CCL3 and CCL4) underwent significantly greater quantitative changes during induction of
expression than other tested cytokines/chemokines after PHA stimulation. This result indicates that hierarchical cluster-
ing is a useful tool for detecting fine patterns during exploration of biological data, and that it can play an important role

in comparative studies.
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INTRODUCTION

Phytohemagglutinin (PHA) is a lectin highly concen-
trated in red kidney beans [1], and commonly used
in medical research. For example, it has been used
as a molecular tracer in neuroscience [2], and it has
been demonstrated that PHA is capable of inhibiting
lymphoid tumor spread and influencing the increase
in proliferation of cytokine-induced killer (CIK) cells
[3,4], as well as stimulating gallbladder contraction by
cholecystokinin (CCK) [5].

PHA helps mature lymphocytes that have lost the
potency of cell division after mitogenetic stimulation
by binding to carbohydrate moieties on the surface of
cells, provoking small lymphocyte transformation into
lymphoblast, followed by cell proliferation and lym-
phokine release [6,7]. PHA has been used as a mito-
gen triggering T cell division in medical research [8,9],
as a stimulant of peripheral blood mononuclear cells
(PBMC) in immunology research, and as an inducer of
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cytokines, including interferon (IFN) and interleukin
(IL) [10,11]. However, little progress has been made on
how PHA affects the expression of various cytokines,
and PHA is usually considered as a general stimulator
of the expression of all cytokines. Thus far, only a few
studies have been reported in this field; for example, an
in vivo animal experiment was conducted to study the
differential expression of cytokines in PHA-induced
skin inflammation in galliform birds [12].

Hierarchical clustering is a powerful approach for
the exploration of protein expression data by blindly
grouping samples on the basis of chosen parameters
[13]. It has been widely used in various fields of bio-
logical sciences, including the acquisition of microar-
ray data and tumor classification [14-17]. In this study,
hierarchical clustering analysis was implemented on
cytokine expression profiles in four different stimula-
tion media quantitated by the Luminex test to explore
the characteristic expression of cytokines after PHA
stimulation.



510

MATERIALS AND METHODS
Data

Cytokine expression data were obtained from a pre-
viously published study in which the experimental
materials and methods are described in detail [18].
Briefly, human peripheral blood mononuclear cells
(PBMC:s) from one healthy donor were isolated from
whole blood by density gradient centrifugation and
cultured in four different stimulation media, designat-
ed as A: [L-4+IL-6; B: IL-4+IL-6+H,0; C: IL-4+IL-
6+PHA; and D: IL-4+IL-6+PHA+H,0,. Supernatants
were obtained from the same well after 2, 6, 12 and 16
h of stimulation for quantitative analysis of protein.
A total of 51 biomolecules were measured by the 51-
plex cytokine assay on the Luminex instrument and
the corresponding concentrations were calculated.

Hierarchical clustering analysis

Results of average protein concentrations were used
for data analysis. IL-4, IL-6 and proteins whose ex-
pression levels were out of the measurement range
(including FASLG and VCAM1), were removed from
further analysis. A data set that included 47 proteins
was analyzed by the hierarchical clustering method.
Before hierarchical clustering, the concentration data
of each protein were normalized using the equation:

X, = (xij - xg/sj

where X is the mean value of protein concentration
and s, is the corresponding standard deviation.

In the first part of the analysis, original protein
expression data from four different stimulation media
were examined separately in order to obtain cluster-
ing results for each stimulated condition. Cytokine
distribution in the clustering result was counted and
compared between different conditions after the den-
drograms were successively divided into three or four
branches. Overall cytokine expression data from all
four conditions were interpreted by the same cluster-
ing method and referenced to the previous analysis.
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For the second part of the investigation, the data
set was preprocessed using the values of protein con-
centrations in condition C (D) divided by their cor-
responding concentrations in condition A (B) at the
same measuring time, in order to obtain the ratio by
which we implemented the same hierarchical clus-
tering method. Protein distribution in the clustering
result was also studied to confirm the investigation
regarding the expression of cytokines after PHA
stimulation.

The distance matrix in the hierarchical clustering
analysis was calculated by Euclidean distance and a
dendrogram was generated using Ward’s minimum
variance clustering method.

RESULTS

Cytokine classification obtained by comparing
the expression profiles in four different
stimulation media

Expression data of 47 proteins from four different
stimulation media were selected for hierarchical clus-
tering analysis. In the clustering results (Fig. 1), the
dendrograms were divided into one main and two mi-
nor branches, with 42 proteins clustering on the main
branch in each condition. Comparison of the protein
distribution of the four clustering results revealed that
conditions A and B (without PHA stimulation) shared
the same pattern, as well as conditions C and D (PHA
stimulated). More specifically, 40 of the 42 proteins
coexisted on the main branches of all four stimulated
conditions. Chemokine (C-C motif) ligands 3 (CCL3)
and 4 (CCL4) on the major branch of conditions A
and B were absent from the main branch of PHA-
stimulated conditions C and D, while other molecules,
such as intercellular adhesion molecule 1 (ICAM1)
and vascular endothelial growth factor A (VEGF-A)
exhibited opposite behavior.

For further analysis, the resulting dendrograms
were separated into four branches to explore the
changes in protein expression after PHA stimulation.
Several proteins were clustered in the same subbranch
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Fig. 1. Cytokine cluster results in different stimulation media.
A total of 42 proteins clustered in the main branch in all four
groups. CCL3 and CCL4 in the main branch were exclusive to the
medium without PHA stimulation (panels A and B); ICAM1 and
VEGEF-A were in the opposite condition (panel C and D). Venn
graphs (Oliveros J. VENNY. An interactive tool for comparing lists
with Venn Diagrams. 2007) show protein distribution in the main
branches under four conditions (panel E and F). The cluster result
was nearly identical with the PHA-stimulated condition where the
data from all four conditions were used for hierarchical clustering
(panel G). The positions of CCL3 and CCL4 in the dendrogram
are indicated with blue and red arrows, respectively.

or two adjoining subbranches. Relatively small cluster-
ing distances were noted in conditions A and B, and
the same situation was observed in the PHA-stimulat-
ed condition. Thirty-two, 31, 31 and 28 proteins clus-
tered on the main branch of conditions A, B, C and
D, respectively, after proteins in adjacent subbranches
with smaller clustering distances were merged into the
same group. A total of 24 proteins co-existed in the
main branches of all four stimulated conditions, with
colony-stimulating factor 3 (CSF3), chemokine (C-X-
C motif) ligand 1 (CXCL1) clustering in conditions A,
B and C, 5 proteins: CCL4, CXCL9, IL17A, IL2, tumor
necrosis factors (TNF), clustered in conditions A and

B; 4 proteins, CD40 ligand (CD40LG), leptin (LEP),
nerve growth factor b (NGF-b), endothelial plasmino-
gen activator inhibitor (serpin E1) clustered in condi-
tions C and D, hepatocyte growth factor (HGF) clus-
tered in condition A, and CCL7 clustered in condition
C. It is noteworthy that CCL4 was still only present on
the main branches of conditions A and B, while CCL3
was excluded from the main branches in all four con-
ditions. The clustering results of all data, regardless of
the differences after stimulation, are roughly the same
as after PHA-stimulated conditions.

Cytokine classification according to quantitative
changes in expression between PHA-stimulated
conditions and non-PHA-stimulated conditions

To further confirm the influence of PHA on the het-
erogeneous expression of cytokines, hierarchical clus-
tering analysis was conducted on the ratio between the
PHA-stimulated conditions and non-PHA-stimulated
conditions. CCL3 and CCL4 were among nine pro-
teins (CCL3, CCL4, CXCL1, CXCL9, IL17A, IL1B,
IL2, IL8 and TNF) that were excluded from the main
branch in the dendrogram (Fig. 2A). In addition, four
(CXCL9, IL17A, IL2 and TNF) out of the nine pro-
teins only existed in the main branch of conditions A
and B when the dendrogram was divided into four
branches, indicating that the expression patterns of
CCL3 and CCL4 changed. However, proteins such as
ICAM-1 and VEGF-A that display different expres-
sion patterns when compared to other cytokines in the
clustering results of four different stimulated condi-
tions, were not among these nine proteins. CCL3 and
CCL4 exhibited more distinct differences in quantity
than other cytokines in the unison graph (Fig. 2 B),
where TNF was differed even more than CCL3.

DISCUSSION

Changes in protein expression can be inconspicuous
during the early stage of a response to stimulation.
It is crucial to detect such variations on a small scale
in order to monitor their further development. The
hierarchical clustering method has been widely ap-
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Fig. 2. Cytokine classification according to quantitative changes
in expression after PHA stimulation. A - nine proteins, includ-
ing CCL3 and CCL4, were clustered on the main branch in the
result presented with the heat map, indicating quantitative changes
in expression in comparison to other cytokines. The positions
of CCL3 and CCL4 in the dendrogram are indicated with blue
and red arrows, respectively; B — unison graph of quantitative
changes in cytokine expression after PHA stimulation is shown
in the panel; blue and red lines indicate changes in CCL3 and
CCL4 expression; the green line represents potential cytokines
exhibiting similar changes in expression. Significant differences
between these proteins and other proteins in the main branch are
represented by black twisting lines.

plied in mining gene associations according to ex-
pression profiles, based on the similarities of up- or
downregulation of various genes. The method also
has the capacity to identify subgroups with different
expression patterns. By grouping every subject into a
specific branch, small variations between samples that
may hold biological significance can be detected using
this method. In this study, differences in cytokines in
different branches obtained by the clustering result are
based on small differences in their expression patterns.
Although almost all of the examined cytokines were
upregulated as a consequence of cell stimulation in
the four different media, the fact that different cyto-
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kines underwent different quantitative changes could
reflect the changes in cytokine expression after PHA
stimulation.

It has already been shown that PHA is capable of
functioning as a stimulant for T lymphocyte division
and lymphokine release, yet the details of cytokine
expression after PHA stimulation remain unclear.
In this work, certain cytokines, such as CCL3 and
CCL4 exhibited different quantitative changes after
PHA stimulation, i.e. larger increases in comparison
to other cytokines. Such differences may contribute
to the elucidation of the mechanism that underlies
PHA-induced heterogeneous expression of cytokines,
as confirmed for PHA activation of different cytokine
genes in CD4* and CD8" T cells. Regulation of cyto-
kine expression in T cell subsets is complicated by the
diverse kinetics of mRNA induction [19].

Investigation into cytokine expression is restricted
by many factors, such as individual differences in cy-
tokine expression. Previous research suggested that
two-year-old children do not respond in the same
way to PHA stimulation of cytokine expression as
their mothers [20]. Research on this subject requires
large samples and improved design of experiments.
For example, controls have to be properly arranged
to exclude the influence of other substances and to
provide comparisons of the differences between PHA
and other mitogens, and the cross-effects of PHA and
other stimulants. An improved or derived hierarchical
clustering method can be used to evaluate heteroge-
neous cytokine expression and provide directions for
investigations into T lymphocytes.

The hierarchical clustering method was shown to
be capable of detecting small variations between het-
erogeneous data sets and subtle changes in biological
processes. The method is a promising tool for inves-
tigating protein expression patterns, especially when
combined with effective data processing methods and
laboratory experiments.

Acknowledgments: This work was supported by the National
Natural Science Foundation of China (No. 81571592, 31371203),
Beijing Nova Program of Science and Technology (No. 2007B024),
and Program for New Century Excellent Talents at University
(No. NECT-12-0773). The authors wish to express their profound



Arch Biol Sci. 2016;68(3):509-513

gratitude to Dr. Garrison Fathman, Professor at Stanford Uni-
versity School of Medicine for his professional assistance in data
collection.

Authors’ contributions: Hongwu Du was responsible for the de-
sign of the study and data collection. Chunhe Yang undertook the
analysis and prepared the manuscript. All authors contributed to
the final version of the manuscript.

Contflict of interest disclosure: The authors declare no conflict
of interest.

REFERENCES

1.

Rudiger H, Gabius H. Plant lectins: occurrence, biochemistry,
functions and applications. Glycoconj J. 2001;18(8):589-613.
Izzo P. A note on the use of biocytin in anterograde trac-
ing studies in the central nervous system: application at both
light and electron microscopic level. ] Neurosci Methods.
1991;36(2-3):155-66.

Qin E Zhang S, Sun H, Xi Y. Effect of phytohemagglutinin on
proliferation and cytotoxicity of cytokine-induced killer cells.
Zhongguo Shi Yan Xue Ye Xue Za Zhi. 2005;13(1):118-20.
D’Costa S, Hurwitz J. Phytohemagglutinin inhibits lym-
phoid tumor growth in vitro and in vivo. Leuk Lymphoma.
2003;44(10):1785-91.

Purhonen A, Herzig K, Gabius H, Andre S, Ketterer S, Matz-
inger D, Beglinger C, Hildebrand P. Duodenal phytohemag-
glutinin (red kidney bean lectin) stimulates gallbladder con-
traction in humans. Acta Physiol (Oxf). 2008;193(3):241-7.
Gandhi G, Bhel V. Phytohemagglutinin laboratory prepa-
ration used as a mitogen in peripheral blood lympho-
cyte cultures of infertile couples. South Asian Anthropol.
2009;9(1):37-44.

Marshall W, Roberts K. The growth and mitosis of human
small lymphocytes after incubation with a phytohemaggluti-
nin. Exp Physiol. 1963;48(2):146-55.

Finzi D, Hermankova M, Pierson T, Carruth L, Buck C,
Chaisson R, Quinn T, Chadwick K, Margolick J, Brookmeyer
R, Gallant J, Markowitz M, Ho D, Richman D, Siliciano R.
Identification of a reservoir for HIV-1 in patients on highly
active antiretroviral therapy. Science. 1997;278(5341):1295-
300.

Serke S, Serke M, Brudler O. Lymphocyte activation by
phytohemagglutinin and pokeweed mitogen. Identification

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

513

of proliferating cells by monoclonal antibodies. ] Immunol
Methods. 1987;99(2):167-72.

Benard G, Romano C, Cacere C, Juvenale M, Mendes-
Giannini M, Duarte A. Imbalance of IL-2, IFN-gamma and
IL-10 secretion in the immunosuppression associated with
human paracoccidioidomycosis. Cytokine. 2001;13(4):248-
52.

Csiszar A, Nagy G, Gergely P, Pozsonyi T, Pocsik E. Increased
interferon-gamma (IFN-gamma), IL-10 and decreased IL-4
mRNA expression in peripheral blood mononuclear cells
(PBMC) from patients with systemic lupus erythematosus
(SLE). Clin Exp Immunol. 2000;122(3):464-70.

Vinkler M, Svobodovd ], Gabrielova B, Bainova H, Bryjova
A. Cytokine expression in phytohemagglutinin-induced skin
inflammation in a galliform bird. ] Avian Biol. 2014;45(1):43-
50.

Meunier B, Dumas E, Piec I, Bechet D, Hebraud M, Hoc-
quette J. Assessment of hierarchical clustering methodologies
for proteomic data mining. ] Proteome Res. 2007;6(1):358-66.
Petushkova N, Pyatnitskiy M, Rudenko V, Larina O, Trifonova
O, Kisrieva J, Samenkova N, Kuznetsova G, Karuzina I, Lisitsa
A. Applying of hierarchical clustering to analysis of protein
patterns in the human cancer-associated liver. PLoS One.
2014;9(8):e103950.

Yu T, Peng H. Hierarchical clustering of high-throughput
expression data based on general dependences. IEEE/ACM
Trans Comput Biol Bioinform. 2013;10(4):1080-5.

Alaiya A, Franzen B, Hagman A, Dysvik B, Roblick U, Becker
S, Moberger B, Auer G, Linder S. Molecular classification of
borderline ovarian tumors using hierarchical cluster analysis
of protein expression profiles. Int ] Cancer. 2002;98(6):895-9.
Levenstien M, Yang Y, Ott J. Statistical significance for hier-
archical clustering in genetic association and microarray
expression studies. BMC Bioinformatics. 2003;4:62.

DuH, Chen G, Yang C, Li C, Xun Y, Liu J, Chen P, Shi L. Mul-
tiple correlations of mRNA expression and protein abundance
in human cytokine profile. Mol Biol Rep. 2014;41(10):6985-
93.

LeungJ, Lai C, Chui Y, Ho R, Chan C, Lai K. Characterization
of cytokine gene expression in CD4+ and CD8+ T cells after
activation with phorbol myristate acetate and phytohemag-
glutinin. Clin Exp Immunol. 1992;90(1):147-53.

Larsson A, Nilsson C, Hoglind A, Sverremark-Ekstrom E,
Lilja G, Troye-Blomberg M. Relationship between mater-
nal and child cytokine responses to allergen and phyto-
hemagglutinin 2 years after delivery. Clin Exp Immunol.
2006;144(3):401-8.



