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Objective. The lymphocyte transformation test is a classical test for the detection of cellular immune function and is based on
subjective judgment. In this study, we have established an objective novel lymphocyte transformation test using the
hematology analyzer to observe lymphocyte transformation. Methods. Whole blood cells were cultured using a whole blood
method with a lymphocyte culture medium; phytohemagglutinin was used to stimulate the experimental samples, and control
was set up at the same time. After the whole blood cells were cultured, the number of lymphocytes in the two groups was
observed using a hematology analyzer, and the conversion rate was calculated. The new method was used to observe
differences in lymphocyte conversion in the peripheral blood of patients with hematopathy and healthy persons. Results. There
were significant differences between the stimulated peripheral blood group and the blank group. The transformation rate of
peripheral blood lymphocytes in patients with hematopathy was significantly lower than that in healthy persons; the difference
was statistically significant (P < 0:05). Conclusion. Lymphocyte transformation can be observed using a hematology analyzer.
The lymphocyte transformation test that is based on the determination of lymphocyte count by a hematology analyzer has
important clinical value.

1. Introduction

There are two types of immune response in humans [1]. One
arm is the humoral immune response, involving B cells that
recognize circulating antigens or pathogens in the lymph or
blood, and the second arm is the cell-mediated immune
response that mainly involves T cells and responds to viral
cells, tumor cells, or transplants [2].

Cellular immunity is an important type of adaptive
immune response [3]. The biological significance of this type
of immunity is that immune cells can effectively eliminate
antigenic foreign bodies in the body by recognizing “self”
and “non-self” to maintain the relative stability of the internal
environment of the body [4]. The evaluation of cellular
immune function mainly includes assessing the lymphocyte
count and lymphocyte function test [5]. Counting the number
of lymphocytes includes the detection of CD antigen and

classification and counting of lymphocyte subsets. Such
methods only reflect the number of lymphocytes, but not their
function; the detection of which is more important.

In vitro measurement of cellular immune function
requires firstly obtaining lymphocytes from peripheral blood
of humans or animals, followed by subsequent experiments,
including the T lymphocyte proliferation test. The lympho-
cyte transformation test is a method to determine the func-
tion and state of immune cells in a certain organism by
stimulating the proliferation of lymphocytes [6]. The princi-
ple of this test is that the metabolism and morphology of T
cells change after being stimulated by antigens or mitogens
in vitro, which is mainly manifested as increases in protein
and nucleic acid synthesis, a series of proliferation reactions,
and transformation into lymphoblasts [7]. The T lympho-
cyte transformation rate reflects the cellular immune status
of the body [8].
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The lymphocyte transformation test technique mainly
involves morphological examination, the 3H-TdR method
and methyl thiazolyl tetrazolium colorimetric analysis
(MTT assay) [9, 10]. The 3H-TdR approach works on the
principle that DNA synthesis involves 3H-TdR absorption
during transformation of T cells into lymphoblastic cells,
and the degree of transformation is proportional to uptake
of 3H-TdR [11]. Although the 3H-TdR is objective and accu-
rate, there is a potential danger of radioactive contamina-
tion; it also requires certain equipment conditions. The
MTT has a strong nonspecific reaction and high background
[12]. The results of the morphological examination are
greatly influenced by subjective factors, and its reproducibil-
ity is poor; hence, low efficiency of determination is inevita-
ble. Therefore, none of the mentioned methods is ideal,
which impedes the evaluation of cellular immune function.
In this study, we attempt to conduct lymphocyte transfor-
mation tests based on morphology using a hematology ana-
lyzer so as to make the findings more objective, trustworthy,
and stable.

2. Methods

The study was conducted in accordance with the principles
and guidelines laid down in the Declaration of Helsinki.
The Dalian Medical University Ethics Committee approved
the study and waived the requirements for written informed
consent, since the samples were remnants following clinical
use and therefore not specifically collected for this study
and no risk to patients was involved.

Lymphocyte function was assessed by measuring lympho-
cyte proliferation in response to mitogen phytohemagglutinin
(PHA) [13]. T cells were stimulated in vitro using a T
lymphocyte-sensitive stimulant, such as phytohemagglutinin-

P (PHA-P) [14, 15]. T cells undergo morphological and bio-
chemical alterations when activated. Some small lymphocytes
are transformed into immature lymphocytes or blast cells,
which undergo mitosis and proliferation. The percentage of
lymphocytes was found to increase when the automated hema-
tology analyzer calculated the proportion of lymphocytes. As a
result, the rate of lymphocyte transformation can be measured
(Figure 1).

2.1. Morphological Method. Using the whole blood method,
1.8mL of 10% bovine serum was added to the RPMI 1640 cul-
ture medium, and then, 0.2mL of EDTA anticoagulated whole
blood (sample to be tested) along with 0.1mL PHA-P (Solar-
bio origin: Beijing article number: p8090 specification: 5mg)
(1mg/mL) was added to the culture dish. After 72 hours of
culture in a 5% CO2 incubator, some of the cells were centri-
fuged and the supernatant was removed. A smear was made
and stained with Giemsa stain, the morphological changes in
lymphocytes were observed under a microscope, and the per-
centage of lymphoblasts in 200 lymphocytes was calculated.

2.2. Hematology Analyzer Method. We added 160μL of 1640
culture medium (10% bovine serum), 40μL of EDTA anticoa-
gulated whole blood (sample to be tested), and 20μL of PHA-
P (1mg/mL) into a 96-well clear flat bottom TC-treated
microculture plate; each sample (220μL) was tested three
times in three wells of the microculture plate at the same time
(Table 1). At the same time, in the blank or control sample,
PHA was replaced with normal saline. Subsequently, culture
in a 5% CO2 incubator for 72 hours was performed, mixed,
and blood cells were tested with an automated hematology
analyzer (Mindray, Shenzhen, China).

The lymphocyte transformation rate is calculated as follows:

lym% PHA groupð Þ − lym% blank groupð Þ
lym% PHA groupð Þ × 100%: ð1Þ

2.3. Hematology Analyzer and Morphological Comparison. A
total of 55 healthy individuals were randomly selected from
the Lushun People’s Hospital in Dalian, China. Individuals
in this random sample were aged between 20 and 40 years

PHA

After
72 h

Normal saline

Figure 1: The lymphocyte transformation using a hematology analyzer.

Table 1: The trial dose added to each hole in the lymphocyte
transformation test.

Group 10% 1640 (μL) Blood (μL) PHA-P (μL) Saline (μL)

Blank 160 40 0 20

Test 160 40 20 0
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(27 males and 28 females). For the lymphocyte transformation
test, whole blood collected in EDTA-coated tubes was used to
obtain a complete blood count using a hematology analyzer.
All experiments were carried out using the same procedure
(Table 1). The results were compared to those produced using
the morphological counting approach and analyzed.

2.4. Stability Test.A healthy volunteer was chosen from whom
peripheral blood was collected for five consecutive days in
EDTA-coated tubes, and complete blood counts were deter-
mined using a hematology analyzer. All experiments were car-

ried out using the same protocol (Table 1). The volunteer
followed the same routine so as to maintain the same physio-
logical condition for five consecutive days. To assess the stabil-
ity of the hematology analyzer measurements, the coefficient
of variation (CV) was computed.

2.5. Gender Comparison Testing. A random sample of 22
healthy men and 25 healthy women was obtained from the
Lushun People’s Hospital in Dalian, China. Individuals in this
study’s random sample were aged between 20 and 40 years.
Venous blood samples were collected in EDTA-anticoagulated
tubes. The experimental procedure was the same as described
in Table 1. The results of lymphocyte transformation in males
and females were compared.

2.6. Age Group Comparison. The study involved 20 healthy sub-
jects, aged >60 years (mean age, 84 years), 30 healthy subjects,
aged 20 through 40 years, with equal distribution of men and
women. The random samples were provided by the Lushun
People’s Hospital inDalian, China. The experimental procedure
was the same as described in Table 1. The results of lymphocyte
transformation in different age groups were compared.

2.7. Clinical Specimen Test. The hematological disease group,
which included leukemia and malignant lymphoma, was
classified according to the World Health Organization clas-
sification of hematological malignancies. The inclusion cri-
teria for leukemia were as follows: hospitalized patients
with ≥20% blasts in blood or bone marrow smear and age
> 18 years [16]. A total of 28 participants (20 males and 8
females; age range, 29–74 years; mean age, 51 years) in the
leukemia group were included. The inclusion criteria for
malignant lymphoma were as follows: hospitalized patients
who on lymph node biopsy were diagnosed lymphoma
(Hodgkin’s or non-Hodgkin’s) and age>18 years [16]. A
total of 16 participants (9 males and 7 females; age range,
25–77 years; mean age, 60 years) in the malignant lym-
phoma group were included.

The normal blood samples were obtained from healthy
individuals subjected to routine physical exams. The inclusion
criteria were routine blood tests and blood biochemical tests
were within the normal range and age > 18 years. A total of
30 participants (14 males and 16 females; age range, 25–84
years; mean age, 60 years) in the healthy group were included.
The samples were collected from the second department of the
First Affiliated Hospital of Dalian Medical University. The
experimental procedure was the same as mentioned.

2.8. Statistical Analysis. Analysis of variance was used to
compare the means of multiple groups; an independent sam-
ple t-test was used to compare the mean of the single group;
K-S analysis and Q-Q chart were used to test the normal dis-
tribution. Statistical significance was set at P < 0:05. SPSS
17.0 (IBM, Armonk, New York, USA) statistical software
was used for the mentioned analysis.

3. Results

3.1. Morphological Count and Hematology Analyzer. Lympho-
cyte morphological alterations were observed by

Figure 2: Whole blood was stimulated using PHA-P and cultured
for 72 h (morphological counting method).

Table 2: The result of lymphocyte transformation in a healthy
person.

Group N
Lympercent

(%)
Lymphocyte transformation

rate (%)
Mean SD P

Blank 55 15.65 9.46 <0.001 57
PHA 55 37.04 12.65

Table 3: Test results for five consecutive days.

Date Rate (%) Mean (%) SD CV (%)

First 77

74 4.8 6

Second 80

Third 70

Fourth 69

Fifth 72

Table 4: Analysis of results of lymphocyte transformation test in
male and female.

Group N Transformation rate (%) SD t P

Males
Females

22
25

48
56

0.32
0.28

0.878 0.385

Table 5: Analysis of results of lymphocyte transformation tests in
various age groups.

Group N Transformation rate (%) SD t P

Young adults
Aged adults

30
20

56
48

0.28
0.36

0.825 0.413
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morphological counting under a microscope (Figure 2). The
lymphocyte transformation rate was found to be 60%–80%
after counting.

The lymphocyte ratios were detected using the hematol-
ogy analyzer (Table 2). The lymphocyte ratios of 55 healthy
persons in the experimental group were significantly higher
than those in the control group (P < 0:001). Table 2 presents
the lymphocyte conversion rates of 55 healthy individuals as
measured by the hematology analyzer. The results obtained
by the hematology analyzer method were essentially similar
to the lymphocyte transformation rate as determined by
the morphological counting method.

3.2. Stability Results. For the same volunteer, the lymphocyte
transformation rate in the peripheral blood was measured
for five consecutive days (Table 3). The lymphocyte transfor-

mation rate was found to be between 60% and 80% and the
coefficient of variation (CV) was 6%.

3.3. Lymphocyte Transformation Tests according to Gender.
In the gender comparison experiment, the mean percentages
of lymphocytes in the male blank and experimental groups
were 14.848 and 37.276, respectively. The mean percentages
of lymphocytes in the female blank and experimental groups
were 20.409 and 34.605, respectively. The lymphocyte con-
version rates of males and females are shown in Table 4.
The transformation rates of the two groups were similar,
with no significant differences (P = 0:385).

3.4. Lymphocyte Transformation Tests according to Age. In the
comparison experiment for different age groups, the average
percentage of lymphocytes in the blank group of the younger
age group was 15.300 and in the experimental group was
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Figure 3: Normal distribution test Q-Q chart of the leukemia group.
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Figure 4: Normal distribution test Q-Q chart of the malignant lymphoma group.
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36.973. The average percentage of lymphocytes in the blank
group of the elderly group was 17.840 and in the experimental
group was 35.455. The lymphocyte conversion rates of the
younger and elderly groups are shown in Table 5. The conver-
sion rates of the two groups were similar with no significant
differences (P = 0:413).

3.5. Normal Distribution Test of Blood Samples in Patients and
Healthy Persons. Forty-four patients’ (28, leukemia; 16, malig-
nant lymphoma) and 30 healthy persons’ data were analyzed
by normal distribution Q-Q chart (Figures 3–5). P values of
the normal distribution K-S test in the leukemia, lymphoma,
and healthy groups were 0.305, 0.272, and 0.641, respectively;
P values were greater than 0.05, indicating that the three
groups were all in normal distribution.

3.6. Differences between Hematopathy Patients and Healthy
Persons. We compared the hematopathy group with the
healthy group (Table 6). There was a significant difference

in the mean lymphocyte transformation rate between
patients with hematopathy and healthy people (∗∗P < 0:01).

3.7. Patients with Different Hematopathies and Healthy
Persons. We compared the leukemia group and the lym-
phoma group with the healthy group (Table 7). The differ-
ences between the average lymphocyte transformation rate
of the leukemia and healthy groups (∗P < 0:05) and those
between the lymphoma group and the healthy group
(∗∗P < 0:01) were statistically significant.

4. Discussion

The hematological analyzer is one of the most commonly
used instruments for the detection and analysis of blood
abnormalities in medical laboratories at present [17, 18]. It
is easy to operate, fast to detect blood anomalies, and reports
many parameters. The results are accurate and reliable,
which greatly improves the efficiency and quality of hemato-
logical analysis [19]. In this experiment, the lymphocyte
transformation test was based on the analysis of blood cells.
The results were more accurate. Because morphology is
greatly influenced by subjective factors, poor repeatability,
and low detection efficiency when observing and counting
lymphoblasts, the correlation between the morphological
method and the hematology analyzer was not performed.
However, all transformed lymphocytes observed under the
microscope could be measured by the hematology analyzer.
The results obtained by the automated hematology analyzer
are largely similar to the morphological method, thereby
implying that the automated hematology analyzer can accu-
rately reflect lymphocyte transformation rate. The results of
the stability test obtained by the automated hematology ana-
lyzer revealed CV < 10%, indicating that the test is
repeatable.

We studied the lymphocyte transformation test data
from many healthy men and women to assess if the experi-
ment is modified by sex and age. Lymphocyte
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Figure 5: Normal distribution test Q-Q chart of the healthy group.

Table 6: Transformation rate of hematopathy patients and healthy
persons (�X ± S).

Group N Transformation rate (%) SD t P

Hematopathy
Healthy

44
30

42
60

0.36
0.18

2.870 0.005

Table 7: Transformation rate of different hematopathy patients
and healthy persons (�X ± S).

Group N
Transformation rate

(%)
SD t P

Leukemia group 28 45 0.35 2.048 0.045

Lymphoma
group

16 36 0.38 2.936 0.005

Healthy group 30 60 0.18 — —
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transformation rates in males and females were comparable,
with no significant variation (P > 0:05). Next, we examined
the lymphocyte transformation test findings of people aged
between 20 and 60 years. The young and old groups’ lym-
phocyte transformation rates were similar, with no signifi-
cant differences (P > 0:05). These results show that gender
and age do not affect lymphocyte transformation rates.

Currently, phytohemagglutinin (PHA) and concanavalin
A (ConA) are some of the most often employed mitotic
stimulators in lymphocyte transformation experiments [20,
21]. PHA outperformed all other mitogens in inducing
mitosis in human peripheral blood cultures in experiments
where each mitogen was tested individually. Furthermore,
in the combined use of two mitogens, there was no reliable
combination to enhance mitotic stimulation [22]. PHA, a
mitotic lectin that binds to the TCR on T cell surfaces, is
identical to the receptor that recognizes APC surface ligand
[23]. The signaling cascade it initiates in lymphocytes can
activate particular molecules, such as p38-MAPK or the
transcription factor family and signal transducer and activa-
tor of transcription (STAT) pathway [24], resulting in cell
cycle entry and DNA replication [25].

This experiment provides good evidence of T cell abnor-
mality. Traditionally, RPMI 1640 culture medium (10% calf
serum should be prepared before use) and PHA-P stimulant
(1000μg/mL was prepared with RPMI 1640 culture
medium) were commonly used for lymphocyte transforma-
tion test, which involves culturing the test sample under
the CO2 cell culture shelves for 72 hours and observing
and counting the results under a microscope. We observed
that the hematology analyzer could check lymphocyte trans-
formation through the change in lymphocyte count, to make
the lymphocyte transformation experiment more stable and
objective, evaluate the cellular immune function of the body
more accurately, and provide reliable indicators for disease
diagnosis and related research.

Hematological diseases originate primarily in the hema-
topoietic system [26]. There are various kinds of blood dis-
orders that can be broadly divided into three categories:
red cell diseases, white cell diseases, and hemorrhagic and
thrombotic disorders. Common hematological diseases
include leukemia [27], multiple myeloma, and lymphoma
[28]; in blood diseases, changes in lymphocytes and immune
function are seen. Malignant cloning of hematopoietic stem
cells in patients with leukemia will lead to an increase in the
number of primitive blood cells and thereby decreased cellu-
lar immune function [29, 30]. In malignant lymphomas,
large numbers of proliferating abnormal lymphocytes lack
proliferative activity after antigen and mitogen stimulation,
which will lead to decreased cellular immunity [31, 32].
Therefore, the lymphocytes from leukemia and malignant
lymphoma patients may have a lower transformation rate
compared to healthy people. The lymphocyte transforma-
tion test is a routine test to detect cellular immune function.
If the lymphocyte transformation rate is taken as the evalu-
ation standard, the lymphocyte transformation rate of
patients with hematopathy would be lower than that of
healthy persons on analysis with a hematology analyzer,
which indicates that there is a significant difference in the

lymphocyte transformation rate between the patients with
hematopathy and healthy persons; the cellular immune
function of patients with hematopathy is obviously
decreased. This implies that the method of detecting lym-
phocyte transformation by a hematology analyzer is correct;
this has clinical significance for the observation, diagnosis,
and treatment of blood diseases.

Although this study has numerous strengths, it also has
some limitations. First, tritium is strictly controlled in China
because it is highly radioactive. Therefore, the 3H-TdR
incorporation method could not be carried out in this exper-
iment, and the experimental results were not compared with
the 3H-TdR incorporation method. Second, because the
experimental samples could not be preserved for a long time,
we could not continuously measure the lot-to-lot variability
of the samples. However, we measured the same volunteer
for five consecutive days, and the coefficient of variation of
the measured value for five consecutive days was 6%, which
shows that our experiment has a relatively good stability.

In conclusion, it is feasible to use a hematology analyzer
for the lymphocyte transformation test. The observation is
more accurate and convenient, and the experimental data
are more accurate as compared with conventional methods.
This novel method can be used in the diagnosis and treat-
ment of clinical diseases and related research. Therefore,
the determination of lymphocyte transformation by a hema-
tology analyzer has important clinical value.

Data Availability

The datasets generated and/or analyzed during the current
study are not publicly available but are available from the
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Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

[1] F. Sallusto, “Heterogeneity of human CD4(+) T cells against
microbes,” Annual Review of Immunology, vol. 34, no. 1,
pp. 317–334, 2016.

[2] R. G. Altwairqi, S. M. Aljuaid, and A. S. Alqahtani, “Effect of
tonsillectomy on humeral and cellular immunity: a systematic
review of published studies from 2009 to 2019,” European
Archives of Oto-Rhino-Laryngology, vol. 277, no. 1, pp. 1–7,
2020.

[3] J. Parkin and B. Cohen, “An overview of the immune system,”
Lancet, vol. 357, no. 9270, pp. 1777–1789, 2001.

[4] G. S. Hotamisligil, “Inflammation, metaflammation and
immunometabolic disorders,” Nature, vol. 542, no. 7640,
pp. 177–185, 2017.

[5] T. Schmidt, W. Jonat, D. Wesch et al., “Influence of physical
activity on the immune system in breast cancer patients during
chemotherapy,” Journal of Cancer Research and Clinical
Oncology, vol. 144, no. 3, pp. 579–586, 2018.

[6] B. Summer, S. Stander, F. Kapp, and P. Thomas, “Role of the
lymphocyte transformation test in the evaluation of metal sen-
sitization,” Hautarzt, vol. 67, no. 5, pp. 380–384, 2016.

6 Disease Markers



[7] F. Ayaz, T. Arikoglu, A. Demirhan, and S. Kuyucu, “A novel
whole blood based method for lymphocyte transformation test
in drug allergies,” Journal of Immunological Methods, vol. 479,
article 112745, 2020.

[8] H. Kagamu, S. Kitano, O. Yamaguchi et al., “CD4(+) T-cell
immunity in the peripheral blood correlates with response to
anti-PD-1 therapy,” Cancer Immunology Research, vol. 8,
no. 3, pp. 334–344, 2020.

[9] F. Poujol, G. Monneret, A. Friggeri et al., “Flow cytometric
evaluation of lymphocyte transformation test based on 5-ethy-
nyl-2′deoxyuridine incorporation as a clinical alternative to
tritiated thymidine uptake measurement,” Journal of Immuno-
logical Methods, vol. 415, pp. 71–79, 2014.

[10] K. Zhang, Y. Tian, L. Yin et al., “Fibroblast growth factor-
peptide improves barrier function and proliferation in human
keratinocytes after radiation,” International Journal of Radia-
tion Oncology • Biology • Physics, vol. 81, no. 1, pp. 248–254,
2011.

[11] O. J. Lawless, J. A. Bellanti, M. L. Brown et al., “In vitro induc-
tion of T regulatory cells by a methylated CpG DNA sequence
in humans: potential therapeutic applications in allergic and
autoimmune diseases,” Allergy and Asthma Proceedings,
vol. 39, no. 2, pp. 143–152, 2018.

[12] M. Ghasemi, T. Turnbull, S. Sebastian, and I. Kempson, “The
MTT assay: utility, limitations, pitfalls, and interpretation in
bulk and single-cell analysis,” International Journal of Molecu-
lar Sciences, vol. 22, no. 23, p. 12827, 2021.

[13] U. S. Melo, R. Schopflin, R. Acuna-Hidalgo et al., “Hi-C iden-
tifies complex genomic rearrangements and TAD-shuffling in
developmental diseases,” American Journal of Human Genet-
ics, vol. 106, no. 6, pp. 872–884, 2020.

[14] R. F. Duarte, F. E. Chen, M. W. Lowdell et al., “Functional
impairment of human T-lymphocytes following PHA-
induced expansion and retroviral transduction: implications
for gene therapy,” Gene Therapy, vol. 9, no. 20, pp. 1359–
1368, 2002.

[15] A. Popple, J. Williams, G. Maxwell, N. Gellatly, R. J. Dearman,
and I. Kimber, “The lymphocyte transformation test in allergic
contact dermatitis: new opportunities,” Journal of Immunotox-
icology, vol. 13, no. 1, pp. 84–91, 2016.

[16] S. H. Swerdlow, E. Campo, N. L. Harris et al., WHO classifica-
tion of tumours of haematopoietic and lymphoid tissues, Inter-
national Agency for Research on Cancer Lyon, 2008.

[17] D. Xiang, J. Yue, C. Sha, S. Ren, M. Li, and C. Wang, “Perfor-
mance evaluation of the Mindray BC 6800 hematology ana-
lyzer and flag comparison with the XE-2100 and manual
microscopy,” Clinical Laboratory, vol. 65, 2019.

[18] J. Y. Vis and A. Huisman, “Verification and quality control
of routine hematology analyzers,” International Journal of
Laboratory Hematology, vol. 38, Suppl 1, pp. 100–109,
2016.

[19] R. A. Blanco, C. Cavagnetto, L. Willmott et al., “The use of a
hematology analyzer with a new generation of software as an
alternative to flow cytometry for enumerating residual white
blood cells in blood components,” Transfusion, vol. 60, no. 1,
pp. 155–164, 2020.

[20] D. de Moraes-Vasconcelos, N. M. Orii, C. C. Romano, R. Y.
Iqueoka, and A. J. Duarte, “Characterization of the cellular
immune function of patients with chronic mucocutaneous
candidiasis,” Clinical and Experimental Immunology,
vol. 123, no. 2, pp. 247–253, 2001.

[21] C. Song, D. Luchtman, Z. Kang et al., “Enhanced inflammatory
and T-helper-1 type responses but suppressed lymphocyte
proliferation in patients with seasonal affective disorder and
treated by light therapy,” Journal of Affective Disorders,
vol. 185, pp. 90–96, 2015.

[22] T. Sofuni and M. C. Yoshida, “Combined use of several mito-
gens for mitotic stimulation to human lymphocytes,” Journal
of Radiation Research, vol. 33, SUPPLEMENT, pp. 222–230,
1992.

[23] M. Cebecauer and J. Cerny, “Phenotypic effects of CD3ζ tar-
geting into glycosphingolipid-enriched membrane microdo-
mains (GEMs) of T cells,” Biochemical and Biophysical
Research Communications, vol. 271, no. 3, pp. 589–595, 2000.

[24] R. Pujari, N. N. Nagre, V. B. Chachadi, S. R. Inamdar, B. M.
Swamy, and P. Shastry, “Rhizoctonia bataticola lectin (RBL)
induces mitogenesis and cytokine production in human
PBMC via p38 MAPK and STAT-5 signaling pathways,” Bio-
chimica et Biophysica Acta, vol. 1800, no. 12, pp. 1268–1275,
2010.

[25] E. Carvalho, W. F. Oliveira, L. Coelho, and M. T. S. Correia,
“Lectins as mitosis stimulating factors: briefly reviewed,” Life
Sciences, vol. 207, pp. 152–157, 2018.

[26] A. Ruggeri, A. Paviglianiti, F. Volt et al., “Endothelial and cir-
culating progenitor cells in hematological diseases and alloge-
neic hematopoietic stem cell transplantation,” Current
Medicinal Chemistry, vol. 25, no. 35, pp. 4535–4544, 2018.

[27] E. Cheung, A. J. Perissinotti, D. L. Bixby et al., “The leukemia
strikes back: a review of pathogenesis and treatment of second-
ary AML,” Annals of Hematology, vol. 98, no. 3, pp. 541–559,
2019.

[28] S. M. Ansell, “Non-Hodgkin lymphoma: diagnosis and treat-
ment,” Mayo Clinic Proceedings, vol. 90, no. 8, pp. 1152–
1163, 2015.

[29] J. W. Chiao, M. Heil, Z. Arlin, J. D. Lutton, Y. S. Choi, and
K. Leung, “Suppression of lymphocyte activation and func-
tions by a leukemia cell-derived inhibitor,” Proceedings of the
National Academy of Sciences of the United States of America,
vol. 83, no. 10, pp. 3432–3436, 1986.

[30] G. B. Humphrey, L. Peterson, M. Whalen et al., “Lymphocyte
transformation in leukemic serum,” Cancer, vol. 35, no. 5,
pp. 1341–1345, 1975.

[31] V. Friman, O. Winqvist, C. Blimark, P. Langerbeins,
H. Chapel, and F. Dhalla, “Secondary immunodeficiency in
lymphoproliferative malignancies,” Hematological Oncology,
vol. 34, no. 3, pp. 121–132, 2016.

[32] R. J. Papac, “Lymphocyte transformation in malignant lym-
phomas,” Cancer, vol. 26, no. 2, pp. 279–286, 1970.

7Disease Markers


	Lymphocyte Transformation Test Based on Lymphocyte Changes Observed by a Hematology Analyzer before and after Phytohemagglutinin Stimulation
	1. Introduction
	2. Methods
	2.1. Morphological Method
	2.2. Hematology Analyzer Method
	2.3. Hematology Analyzer and Morphological Comparison
	2.4. Stability Test
	2.5. Gender Comparison Testing
	2.6. Age Group Comparison
	2.7. Clinical Specimen Test
	2.8. Statistical Analysis

	3. Results
	3.1. Morphological Count and Hematology Analyzer
	3.2. Stability Results
	3.3. Lymphocyte Transformation Tests according to Gender
	3.4. Lymphocyte Transformation Tests according to Age
	3.5. Normal Distribution Test of Blood Samples in Patients and Healthy Persons
	3.6. Differences between Hematopathy Patients and Healthy Persons
	3.7. Patients with Different Hematopathies and Healthy Persons

	4. Discussion
	Data Availability
	Conflicts of Interest



