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ABSTRACT

Objective: To observe the effect of taurine on immune function in mice with T-cell
lymphoma during chemotherapy.
Methods: A total of 40 C57BL/6 mice were selected and randomly divided into 4 groups,
namely model group, chemotherapy group, taurine group and chemotherapy + taurine
group, each containing 10 mice. Hypodermic injection was adopted to inoculate EL-4 cells
in order to establish model of T-cell lymphoma. When the tumor achieved the size of
1 cm3, intervention treatments were given to the groups respectively. Mice in model group
received 0.2 mL of normal saline which was intraperitoneally injected on Days 1, 8 and 15
with 3 weeks as a cycle; mice in chemotherapy group were administered with 80 mg/kg
body weight of gemcitabine which was also intraperitoneally injected on Days 1, 8 and 15
with 3 weeks as a cycle; mice in taurine group were administered with 80 mg/kg body
weight of taurine intraperitoneally injected daily for consecutive 8 d; mice in
chemotherapy + taurine group were treated in the same manner as the mice in taurine group
and chemotherapy group. Five mice were sacrificed at 2 and 3 weeks after intervention
respectively, and the tumor tissues were collected and weighted after removal of auxiliary
tissue, then the tumor inhibition rate was calculated. The thymus and spleen of mice
sacrificed at 3 weeks after intervention were collected and weighted, and thymus and
spleen indexes were calculated. Enzyme linked immunosorbent assay was used to detect
the serum levels of IL-4, IL-10, IL-12 and IFN-g in mice of each group.
Results: The tumor weights in chemotherapy group, taurine group and
chemotherapy + taurine group after 2 and 3 weeks of treatment were significantly lower
than that in model group (P < 0.05); the tumor weight in chemotherapy + taurine group
after 2 and 3 weeks of treatment was significantly lower than that in chemotherapy group
(P < 0.05); the tumor inhibition rate in chemotherapy + taurine group was significantly
higher than that in chemotherapy group and taurine group (P < 0.05); the thymus and
spleen indexes in taurine group and chemotherapy + taurine group were significantly
higher than those in chemotherapy group and model group (P < 0.05); the thymus and
spleen indexes in chemotherapy group were significantly lower than those in model group
(P < 0.05); after 3 weeks of treatment, the serum levels of IL-4, IL-12 and IFN-g in
chemotherapy group, taurine group and chemotherapy + taurine group were significantly
lower than those in model group (P < 0.05); the IL-4 level in taurine group and
chemotherapy + taurine group was significantly lower than that in chemotherapy group
(P < 0.05); the serum level of IL-10 in chemotherapy group and chemotherapy + taurine
group was significantly higher than that in model group and taurine group (P < 0.05); the
serum level of IFN-g in taurine group and chemotherapy + taurine group was signifi-
cantly lower than that in model group and chemotherapy group (P < 0.05); after treatment
of 3 weeks, the serum levels of IL-4 and IL-10 in chemotherapy group, taurine group and
chemotherapy + taurine group were significantly lower than those in model group
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(P < 0.05), and IL-12 level was significantly higher than that in model group (P < 0.05);
the level of IFN-g in taurine group and chemotherapy + taurine group was significantly
higher than that in model group (P < 0.05), while the level of IFN-g in chemotherapy
group was significantly lower than that in the other 3 groups (P < 0.05).
Conclusions: Taurine can effectively enhance the immune function of mice with T-cell
lymphoma during chemotherapy, reduce the toxicity of chemotherapy.
1. Introduction

Malignant lymphoma frequently occurs in the lymph nodes
or extranodal tissue, with pathological type as the main type and
high degree of malignancy, and the average survival time of
patients is shorter [1]. Hodgkin's lymphoma and non-Hodgkin's
lymphoma are two major types of malignant lymphoma. Non-
Hodgkin's lymphoma patients account for 90% patients with
malignant lymphoma, and non-Hodgkin's lymphoma is the
fastest-growing tumor with higher incidence in male than fe-
male [2,3]. The incidence of peripheral T-cell lymphoma is
relatively lower; its incidence in adults is 5%–10% of non-
Hodgkin's lymphoma incidence, seriously threatening the life
and health of patients [4,5]. At present, the clinical treatments
of T-cell lymphoma mainly include radiotherapy and
chemotherapy, biological targeted therapy, immunotherapy,
hematopoietic stem cells and traditional Chinese medicine
treatments. However, in the modern medicine, the treatment of
the disease is mainly based on chemotherapy. Although the
chemotherapy drug can effectively kill tumor cells, it exhibits
more inhibition on the strongly proliferated bone marrow
hematopoietic cells and immune system, severely affecting the
chemotherapy efficacy and leading to poor prognosis [5–8].
Therefore, it is urgently needed to effectively enhance the
immune function of patients during chemotherapy treatment to
improve the efficacy of chemotherapy. Taurine is a necessary
amino acid for human body and involved in the processes of
stabilizing the body internal environment, which has a positive
effect on the digestion, endocrine and immune systems within
the body [9–12]. The present study was conducted to observe
the effect of taurine on the immune function of mice with T-
cell lymphoma after chemotherapy. C57BL/6 mice were used
for T-cell lymphoma modeling, and taurine was administered
while using gemcitabine for chemotherapy, in order to observe
its effect on immune function in mice, and to provide
theoretical basis for clinical application.

2. Materials and methods

2.1. Experimental animals

A total of 40 healthy female C57BL/6 mice with SPF level,
weighting (18–22 g), were provided by Beijing Vital River
Laboratory Animal Technology Co., Ltd., and fed with SPF
level of dedicated mice feedstuff formulated by the experimental
animal center, at feeding temperature of 20–26 �C and humidity
of 40%–60%. The experiments were performed in the laboratory
center of Fujian Medical University. The handling of animals
complied with the relevant regulations in Regulations for the
Administration of Affairs Concerning Experimental Animals
and was approved by the Ethics Committee of our hospital.
2.2. Apparatus and reagents

T lymphoma cell line of EL-4 mice was provided by
Shanghai Institutes for Biological Sciences; taurine was pur-
chased from Tianjin Ruijinte Chemicals Co., Ltd.; gemcitabine
hydrochloride injection was purchased from Jiangsu Hansoh
Pharma Co., Ltd.; lipopolysaccharide, concanavalin A, dimethyl
sulfoxide and methyl thiazolyl tetrazolium were purchased from
Sigma, fetal bovine serum from Giboc, enzyme linked immu-
nosorbent assay kits from Dingguo Biotechnology Co., Ltd.
Leica DMI4000B smart inverted biologic microscope (Leica),
LEICA-2235 paraffin slicer (Shandon Varistain Gemini com-
pany), desktop high speed centrifuge, inverted phase contrast
microscope and image acquisition system from Leica were used.

2.3. Grouping and modeling

Forty C57BL/6 mice were randomly divided into 4 groups,
namely model group, chemotherapy group, taurine group and
chemotherapy + taurine group, each containing 10 mice. Hy-
podermic injection was adopted to establish model of T-cell
lymphoma in the 4 groups [13,14]. The suspension of EL-5 cell
(0.2 mL) after steady passage was inoculated at the right armpit
of each group of mice to prepare T-cell lymphoma model. When
the tumor achieved the size of 1 cm3, intervention treatments
were given to the groups respectively. Mice in model group
received 0.2 mL of normal saline which was intraperitoneally
injected on Days 1, 8 and 15 with 3 weeks as a cycle; mice in
chemotherapy group were administered with 80 mg/kg body
weight of gemcitabine which was intraperitoneally injected on
Days 1, 8 and 15 with 3 weeks as a cycle; mice in taurine group
were administered with 80 mg/kg body weight of taurine which
was intraperitoneally injected daily for consecutive 8 d; mice in
chemotherapy + taurine group were treated in the same manner
as the mice in taurine group and chemotherapy group.

2.4. Indexes observation

Five mice were sacrificed by cervical dislocation at 2 and 3
weeks after intervention respectively, and the tumor tissue was
collected and weighted after removal of auxiliary tissue, then the
tumor inhibition rate after 3 weeks of treatment was calculated
by the following formula: tumor inhibition rate = (average tumor
weight of model group – average tumor weight of treatment
group)/average tumor weight of model group × 100%. The
thymus and spleen of mice sacrificed at 3 weeks after inter-
vention were collected and weighted, and thymus and spleen
indexes were calculated by the following formula: thymus
index = thymus weight/body weight; spleen index = spleen
weight/body weight. The venous blood from the tail of mice in
each group was collected, and serum was separated. Enzyme
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linked immunosorbent assay was then used to detect the serum
levels of IL-4, IL-10, IL-12 and IFN-g in mice of each group.

2.5. Statistical analysis

All the data were checked and input into the SPSS 19.0
software for analysis. The measurement data with the approxi-
mate normal distribution were expressed as mean ± SD, and the
variance test and SNK-q test were used. P < 0.05 indicated
statistically significant difference.

3. Results

3.1. Comparison of tumor weight and tumor inhibition
rate in mice

The tumor weights in chemotherapy group, taurine group and
chemotherapy + taurine group after 2 and 3 weeks of treatment
Table 1

Comparison of tumor weight in mice (g) (n = 5).

Groups Tumor weight Tumor
inhibition rate (%)

2 weeks after
treatment

3 weeks after
treatment

Model group 4.6 ± 0.2 4.7 ± 0.3 –

Chemotherapy
group

2.2 ± 0.2* 2.4 ± 0.8* 52.9

Taurine group 3.0 ± 0.3*# 3.4 ± 0.5*# 20.6
Chemotherapy +
taurine group

1.2 ± 0.3*#D 1.5 ± 0.1*#D 72.8

F 158.717 9 38.114 5
P <0.01 <0.01

*: P < 0.05 compared with model group; #: P < 0.05 compared with
chemotherapy group; D: P < 0.05 compared with taurine group.

Table 2

Comparison of thymus and spleen indexes in different groups after

treatment (n = 5).

Groups Thymus index Spleen index

Model group 2.0 ± 0.5 10.4 ± 1.8
Chemotherapy group 0.8 ± 0.4* 8.1 ± 1.3
Taurine group 4.0 ± 0.5*# 13.0 ± 2.9#

Chemotherapy + taurine group 3.9 ± 0.3*# 12.9 ± 0.4*#

F 62.244 4 8.069 1
P 0.000 0 0.001 7

Compared with model group, *: P < 0.05; compared with chemotherapy
group, #: P < 0.05.

Table 3

Comparison of Th1/Th2 cytokine level after the treatment of 2 and 3 weeks

Groups 2 weeks after treatment

IL-4 (pg/mL) IL-10 (pg/mL) IL-12
(ng/mL)

IFN-g(ng/m

Model group 121.6 ± 1.4 441.6 ± 20.0 31.4 ± 0.9 884.2 ± 2
Chemotherapy
group

137.8 ± 0.3* 472.3 ± 17.1* 26.3 ± 1.4* 835.5 ± 5

Taurine group 123.8 ± 0.3*# 453.1 ± 2.4# 26.1 ± 0.7* 761.9 ± 1
Chemotherapy +
taurine group

117.6 ± 0.8*#D 498.5 ± 15.5*#D 27.0 ± 0.6* 776.5 ± 2

F 555.012 0 13.193 4 34.438 3 93.198
P 0.000 0 0.000 1 0.000 0 0.000 0

Compared with model group, *: P < 0.05; compared with chemotherapy gr
were significantly lower than that in model group (P < 0.05); the
tumor weight in chemotherapy + taurine group after 2 and 3
weeks of treatment was significantly lower than that in chemo-
therapy group (P < 0.05); the tumor inhibition rate in
chemotherapy + taurine group was significantly higher than that
both in chemotherapy group and taurine group (P < 0.05)
(Table 1).
3.2. Comparison of thymus and spleen indexes after
treatment in different groups

After 3 weeks of treatment, the thymus and spleen indexes in
taurine group and chemotherapy + taurine group were all
significantly higher than those in chemotherapy and model
groups (P < 0.05). The thymus and spleen indexes in chemo-
therapy group after 3 weeks of treatment were significantly
lower than those in model group (P < 0.05). The thymus and
spleen indexes in taurine group and chemotherapy + taurine
group after 3 weeks of treatment had no significant difference
(P > 0.05). Results were shown in Table 2.
3.3. Comparison of Th1/Th2 cytokine level after the
treatment of 2 and 3 weeks

After 2 weeks of treatment, the serum levels of IL-12 and
IFN-g in chemotherapy group, taurine group and
chemotherapy + taurine group were significantly lower than
those in model group (P < 0.05); the IL-4 level in taurine group
and chemotherapy + taurine group was significantly lower than
that in chemotherapy group (P < 0.05); the serum level of IL-10
in chemotherapy group and chemotherapy + taurine group was
significantly higher than that in model group and taurine group
(P < 0.05); the serum level of IFN-g in taurine group and
chemotherapy + taurine group was significantly lower than that
in model group and chemotherapy group (P < 0.05); after
treatment of 3 weeks, the serum levels of IL-4 and IL-10 in
chemotherapy group, taurine group and chemotherapy + taurine
group were significantly lower than those in model group
(P < 0.05), and IL-12 level was significantly higher than that in
model group (P < 0.05); the level of IFN-g in taurine group and
chemotherapy + taurine group was significantly higher than that
in model group (P < 0.05), while the level of IFN-g in
chemotherapy group was significantly lower than that in the
other three groups (P < 0.05) (Table 3).
(n = 5).

3 weeks after treatment

L) IL-4 (pg/mL) IL-10 (pg/mL) IL-12 (ng/mL) IFN-g(ng/mL)

.0 104.1 ± 2.6 536.1 ± 3.2 22.2 ± 0.3 836.0 ± 12.2

.3* 67.3 ± 0.9* 375.5 ± 2.7*# 32.0 ± 0.5*# 192.4 ± 9.7*#

2.1*D 84.1 ± 3.4*# 474.0 ± 6.4* 27.9 ± 0.3* 957.5 ± 5.8*
2.4*D 22.9 ± 3.4*#D 219.1 ± 8.7*#D 38.4 ± 0.6*#D 1 169.5 ± 2.9*#D

2 779.120 2 287.853 5 1 179.303 8 12 429.245 8
0.000 0 0.000 0 0.000 0 0.000 0

oup, #: P < 0.05; compared with taurine group, D: P < 0.05.
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4. Discussion

T-cell lymphoma is a malignant tumor of abnormal prolif-
eration of tissue cells and precursors with a rare incidence. The
high incidence of T-cell lymphoma in the Asian countries is
characterized by high fever, splenomegaly and whole blood cell
reduction. Cell phenotype is determined by immune assay,
expressing immune surface marker of T-cell, commonly in the
majority of extranodal lesion [15,16]. T-cell lymphoma is highly
malignant, and currently there is still a lack of effective
treatment. The prognosis is worse than B-cell lymphoma, and
the improvement of its efficacy depends on the emergence of
new drugs or gene targeting therapy for T-cell lymphoma [17].
The main measure used in T-cell lymphoma is the
combination of anti-cancer drug chemotherapy, which has a
certain effect, but with poor long-term follow-up result on
patients.

Gemcitabine hydrochloride is a pyrimidine nucleotide.
Nucleotide reductase inhibitor is a new anti-metabolic tumor
drug, which can have an effect on the tumor cells in the syn-
thesis phrase, with the tumor treatment mechanisms similar to
cytarabine [18]. Currently, gemcitabine + cisplatin is a good
treatment for peripheral T-cell lymphoma, and its safety and
drug resistance are superior to the traditional MVAC
treatment. Gemcitabine plays an active role in tumor
suppression, but it also has adverse reactions in the course of
chemotherapy including bone marrow resistance and function
injuries of liver, kidney and nervous system. As the main
adverse reaction, bone marrow resistance can lead to bleeding
and infection, even cause death in the severe case [19].
Therefore, combined chemotherapy is usually used in clinical
application to alleviate the suffering of patients, reduce the
incidence of adverse reactions and ensure the smooth progress
of treatment [20–23]. But whatever chemotherapy treatments we
use, the effect on the immune function of the body will be
inevitably caused; the combined infection during
chemotherapy will further inhibit the immune function of
patients, affecting the treatment result. In the present study,
after 2 weeks of treatment, the anti-tumor rate of the chemo-
therapy group was 52.9%, but the thymus and spleen indexes
were significantly lower than those in the other three groups
(P < 0.05), and Th1/Th2 cytokines in mice were significantly
disturbed, which also showed that it had significant anti-tumor
effect, but with more toxic reactions, so treatment should be a
reasonable combination of drugs to reduce the toxicity of
chemotherapy.

Taurine, also known as b-amino ethanesulfonic acid, was
first isolated from bezoar, which is a sulfur-containing non-
protein amino acid and exists in vivo in a free state, with
chemical stability and no involvement in the body protein
biosynthesis. In the human body, taurine has a close metabolic
relation with the cystine and cysteine, and the CSAD of taurine
synthesis in the human is low, mainly relying on feeding to
supplement the taurine needs of the body [24,25]. It is proved in
some experiments [26,27] that taurine has the effects of promoting
infant brain tissue and mental development, improving nerve
conduction and visual function, preventing cardiovascular
disease, improving endocrine status and enhancing immune
function. In addition, taurine can also promote the secretion of
pituitary hormones and activate pancreatic function so as to
regulate the body metabolism, thus improving the body
immunity and anti-fatigue effect. Some studies [28] reported
that taurine has a certain anti-tumor effect. In the present
study, after 3 weeks treatment, the anti-tumor rate of mice in
taurine group was lower than chemotherapy group and
chemotherapy + taurine group (P < 0.05), indicating that taurine
has a certain anti-tumor effect, but the effect is less than routine
chemotherapy. Some researches [14,29] believed that taurine is an
effective immune adjuvant, which can play a role in
chemotherapy drugs, and has a multi-directional advantages.
In the present study, after the intervention treatment of chemo-
therapy and taurine, the tumor mass was significantly lower than
the other three groups (P < 0.05), and the anti-tumor rate was
obviously higher than those of chemotherapy group and taurine
group (P < 0.05), which showed that using taurine adjuvant
therapy in the conventional chemotherapy process can signifi-
cantly improve the anti-tumor effect. Moreover, after 3 weeks of
treatment in chemotherapy + taurine group, the thymus and
spleen indexes of mice were significantly higher than those in
model group and chemotherapy group (P < 0.05), and Th1/Th2
cytokine levels were better than those in the chemotherapy and
model groups (P < 0.05), which also indicated that taurine can
enhance the immune function of mice with T-cell lymphoma
during chemotherapy, reduce the toxicity of chemotherapy and
improve the curative effect. The results of this study confirm
enhancement and toxicity reduction effect of taurine.
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