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Tim-3 is highly expressed in T cells in acute myeloid
leukemia and associated with clinicopathological
prognostic stratification
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Abstract: T cells immunoglobulin mucin 3 (Tim-3) is an important inhibitory stimulatory molecule, which has been
reported to play a vital role in the tumor immune escape and be correlated with clinicopathological prognostic
stratification in solid tumor. However, the related research is rare of Tim-3 in non-solid tumor, such as acute myeloid
leukemia (AML). In this study, we investigated the expression characteristics of Tim-3 on the peripheral blood T
cells of newly diagnosed AML patients and its clinical significance. Peripheral blood was obtained from 36 patients
with newly diagnosed AML before intervention, with peripheral blood from 20 cases of healthy volunteers collected
as normal control. Expression levels of Tim-3 on the peripheral blood T cells were assayed with flow cytometry. We
found that Tim-3 expression on the peripheral blood CD4+ T cells and CD8+ T cells in newly diagnosed AML patients
were significantly increased compared with that of normal control. CD4+ T cells/CD8+ T cell ratio (CD4/CD8) of
peripheral blood in AML patients was significantly correlated with NCCN high risk group. The higher expression level
of Tim-3 on CD4+ T cells in the peripheral blood of AML patients had significant correlation with FLT3-ITD mutation,
the higher expression level of Tim-3 on CD8+ T cells in AML patients was significantly correlated with NCCN high risk
group. To conclude, our results support the concept that Tim-3 is highly expressed on the peripheral blood T cells of
AML patients, and Tim-3 expression significantly correlates with clinicopathological prognostic stratification in AML.
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Introduction solid tumors, such as acute myeloid leukemia
(AML) is rare.

T cells immunoglobulin mucin 3 (Tim-3) is an

important inhibitory costimulatory molecules.
Tim-3 binding with its ligandgalectin-9, immun-
emediats the tumor microenvironment inhibi-
tion by different mechanisms, and plays an
important role in tumorigenesis, development,
invasion and metastasis [1]. Several studies
have found that Tim-3 is highly expressed on
the tumor infiltrating T cells of the solid tumor,
and the high expression of Tim-3 is related with
the tumorigenesis and tumor development [2,
3]. Our team previously showed that TIM-3 ex-
pression characterized regulatory T cells in lung
cancer tissues and was associated with tumor
progression [4]. However, the related research
of the expression and role of the Tim-3 in non-

In this study, we adopted methods of immuno-
fluorescence and flow cytometry to detect the
expression characteristics of Tim-3 on periph-
eral blood T cells in AML patients and analyzed
its clinical significance, in order to investigate
the role of Tim-3 in the immune escape medi-
ated by AML tumor cells. The data showed that
peripheral blood CD4+ T cells, CD8+ T cells and
lymphocyte proportion were decreased signifi-
cantly in newly diagnosed AML patients than
those of normal control. More significantly, the
expression level of Tim-3 on the CD4+ T cells
and CD8+ T cells of newly diagnosed AML
patients were significantly increased compared
with normal control. We further analyzed the
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Table 1. Peripheral blood CD4+, CD8+ T cells accounted for the
proportion of lymphocyte of AML patients and healthy volunteers

Groups Case  oha+ (%)  Pvalue  CDS+ (%)  Pvalue
number
AML patients 36  15.28+10.99 0.19+7.54

healthy volunteers 20 31.124+2.22 <0.0001 21.59+4.22 < 0.0001

The comparison CD4+ T cell proportion between the two groups; t=7.475, P < 0.0001, the
difference was statistically significant; comparison the percentage of CD8+ T cells between
the two groups, t=5.822; P < 0.0001, the difference was statistically significant. The p-

patients were collected
before intervention and
5 ml heparin anticoagu-
lant fresh peripheral bl-
ood from the healthy vol-
unteers as normal con-
trol were collected in the
same term.

values were calculated using the two sample t test.

Table 2. Expression level of Tim-3 on the peripheral blood CD4+ T cells of

AML patients and healthy volunteers

This study was approved
by the ethics committee
of the First Affiliated Ho-
spital of Soochow Univ=
ersity, which was in acc-

Groups Case number Tim-3+/CD4+ (%) P value ord with the Helsinki
AML patients 36 4,77+3.56 Declaration. The data we-
healthy volunteers 20 0.73+0.62 < 0.0001 re analyzed anonymously

The difference of the expression level of Tim-3 on the peripheral blood CD4+ T cells of AML and informed consent

patients and healthy volunteers was statistically significant (t=4.033, P < 0.0001). The

P-values were calculated using the two sample t test.

correlation between Tim-3 expressed level on T
cells and the disease diagnosis and prognosis,
which suggest that higher expression of Tim-3
on AML patients T cells might be associated
with the poor prognosis.

Materials and methods
Patients and specimens

A total of 36 AML cases (except for acute pro-
myelocytic leukemia) were enrolled in the study
which were newly diagnosed by bone marrow
MICM tests and then treated from 2012
September to 2013 August in the Department
of hematology, First Hospital Affiliated to
Soochow University. Within the AML cases,
there were 21 male cases, 15 female cases,
and mean age 37.38+14.12 years. The diagno-
sis of AML was accorded with the “2008 WHO
adult acute myeloid leukemia (non acute pro-
myelocytic leukemia) diagnosis guidelines”,
and excluded the patients of autoimmune dis-
ease, systemic disease or with other cancers.
20 cases of healthy volunteers were enrolled
as normal control with 11 male cases, 9 female
cases, and mean age 40.70+15.23 years.
There were no statistical significance between
the two groups in gender, age difference (P >
0.05).

Specimen collection: 5 ml heparin anticoagu-
lant fresh peripheral blood from the AML
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was not required.

Materials and reagents

PeCy5 labeled mouse anti human CD3 mono-
clonal antibody, FITC labeled mouse anti human
CD4 monoclonal antibody and PeCy7 labeled
mouse anti human CD8 monoclonal antibody
were purhased from eBioscience company, PE
labeled mouse anti human Tim-3 monoclonal
antibody and PE labeled 1gG isotype control
were obtained from American company R & D,
human lymphocyte separation medium (Ficoll)
from Sigma company, flow cytometry was pur-
chased from America Beckman-Coulter co-
mpany.

Peripheral blood mononuclear cells (PBMC)
acquisition from AML patients and healthy vol-
unteers 5 ml fasting venous peripheral blood
was acquired and injected to the tube contain-
ing heparin anticoagulant. We drew 4 ml human
lymphocyte separation medium (Ficoll) with the
pipette and place it into a centrifuge tube,
inclined the tube, diluted the peripheral blood
with equivalent volume of PBS, and then added
it slowly along centrifugal pipe wall to the upper
side of Ficoll solution, placed at the tempera-
ture of 18°C-20°C , and centrifuged at 400 g
for 30 min. After centrifugation, there was the
opaque tunica layer in the upper and middle
junction, which was the mononuclear cell layer
(PBMC); gently inserted the capillary straw into
the tunica albuginea layers, gently drew the
PBMC along the wall of the tube, then moved it
into another centrifuge tube, joined the PBS to
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Figure 1. Tim-3 was significant-
ly higher expressed on CD4+ T
cells in newly diagnosed AML
patients. CD4+ T cells were har-
vested from peripheral blood
of the newly diagnosed AML
patients and healthy volun-
teers. Cells were then stained
for CD3, CD4, and Tim-3. A.
Representative dot-plots show
Tim-3 expression on CD4+ T
cells in newly diagnosed AML
patients and healthy volun-
teers. Data shown are repre-
sentative of ten independent
experiments; B. Summarized
results of the percentage (%)
of Tim-3 expression on CD4+
T cells from AML patients and
healthy volunteers are shown.
Horizontal bars depict the
mean percentage of Tim-3 ex-
pression on CD4+ T cells. The
p-values were calculated using
the two sample t test.

resuspend the cells, washed 2 times with cen- cells with PBS, and adjusted the cell count as

trifugal; discard supernatant, resuspend the 2x106/ml.
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Table 3. Expression level of Tim-3 on the peripheral blood CD8+ T

cells of AML patients and healthy volunteers

achieved complete remission
(CR1), 8 cases without CR1 (=

CR2) (data not shown).

Groups Case number Tim-3+/CD8+ (%) P value
AML patients 36 °.90+4.91 Detection of T cell proportion
healthy volunteers 20 0.96+0.54 0.02 prop

The difference between the expression level of Tim-3 on the peripheral blood CD8+
T cells of AML patients and healthy volunteers was statistically significant (t=3.301,
P=0.02). The P-values were calculated using the two sample t test.

Immunofluorescence detection of the Tim-3
expression on peripheral blood T cells

We separated the PBMC suspension to Ep
tubes, each tube with 100 pL, placed them on
ice; each pipe added with 5 yL corresponding
monoclonal antibody, placed at 4°C, kept away
from light for 30 minutes. After washing with
PBS for 2 times, added 0.4 ml PBS containing
1% calf serum to resuspend cells and trans-
ferred it into the flow tube. Then we analyzed
the expression of Tim-3 on peripheral blood T
cell surface with Beckman labeled Coulter flow
cytometry.

Data analysis and statistical treatment

All the data stream was analyzed with Flowjo
software (Tree star company). Statistical analy-
sis was performed with SPSS17.0 software.
The measurement data expressed as X +s, the
comparison of random design using t test.
P-values less than 0.05 were considered as
being statistically significant.

Results
Clinical data of patients

There were 36 cases of AML patients, male 21
cases, female 15 cases, meanage 37.38+14.12
years old. Among them, 5 cases of acute my-
eloid leukemia in undifferentiated type (M1
type), 15 cases of acute myeloid leukemia dif-
ferentiation type (M2), 4 cases of acute myelo-
monocytic leukemia (M4), 9 cases of acute
monocytic leukemia (M5), and 3 cases of acute
red leukemia (M6). According to the 2013
American National Comprehensive Cancer Ne-
twork (NCCN) guidelines based on cytogenetic
and molecular characteristics, all the patients
were divided into low risk group and high risk
group, including 25 cases of patients with low
risk group, 11 cases with high risk group. We
evaluated the curative effect after 2 cycles of
standard induction chemotherapy, 28 cases
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in peripheral blood of AML pa-
tients and healthy volunteers

Peripheral blood CD4+ T cells

accounted for the proportion of
lymphocytein AML patientswas 15.28+10.99%,
which was significantly reduced compared with
that in healthy volunteers (31.12+2.22%, P <
0.0001). Peripheral blood CD8+ T cells account-
ed for the proportion of lymphocyte in AML
patients was 9.1947.54%, which was signifi-
cantly reduced compared with that in healthy
volunteers (21.59+4.22%, P < 0.0001). All
CD4+ and CD8+ T cells analyzed by flow cytom-
etry were derived from CD3+ T cells, concrete
statistical data see Table 1.

Expression of Tim-3 on peripheral blood T cells
in patients with AML and healthy volunteers

The expression level of Tim-3 on CD4+ T cells
was 4.77+3.56% in newly diagnosed AML pa-
tients, which was significantly higher than that
of healthy volunteers (0.73+0.62%, P < 0.0001);
all CD4+ T cells analyzed by flow analysis were
derived from CD3+ T cells, concrete statistical
data, see Table 2 and Figure 1.

The expression level of Tim-3 on CD8+ T cells
was 5.90+4.91% in newly diagnosed AML pa-
tients, which was significantly higher than that
of healthy volunteers (0.96+0.54%, P=0.02); all
CD8+ T cells analyzed by flow analysis were
derived from CD3+ T cells, concrete statistical
data, see Table 3 and Figure 2.

The relationship between T cell ratio in periph-
eral blood at diagnosis and the prognosis of
AML patients

Statistical analysis showed that, the proportion
of CD4+ T cells and CD8+ T cells in peripheral
blood of AML patients had no significant corre-
lation with FLT3-ITD mutation, alleviate degree
and NCCN risk group (P > 0.05); the CD4+ T
cells and CD8+ T cell ratio (CD4/CD8) in periph-
eral blood of AML patients had no significant
correlation with FLT3-ITD mutation and degree
of relief (P > 0.05), but had significantly corre-
lated with NCCN risk group (P < 0.05) (Table 4).
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Figure 2. Tim-3 was significantly higher expressed on CD8+ T cells in newly diagnosed AML patients. CD8+ T cells
were harvested from peripheral blood of the newly diagnosed AML patients and healthy volunteers. Cells were then
stained for CD3, CD8, and Tim-3. A. Representative dot-plots show Tim-3 expression on CD8+ T cells in newly di-
agnosed AML patients and healthy volunteers. Data shown are representative of ten independent experiments; B.
Summarized results of the percentage (%) of Tim-3 expression on CD8+ T cells from AML patients and healthy vol-
unteers are shown. Horizontal bars depict the mean percentage of Tim-3 expression on CD8+ T cells. The p-values
were calculated using the two sample t test.
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Table 4. Relationship between T cell ratio in peripheral blood and diagnosis and prognosis of AML

patients
Case number=36 CD4+ (%) Pvalue CD8+ (%) Pvalue CD4/CD8 P value

FLT3-ITD

positive 10 16.8 11.12 1.62

negative 26 15.53 0.5067 11.3 0.4357 191 0.5357
CR

CR1 28 17.86 12.32 1.88

>CR2 8 9.42 0.1501 6.53 0.444 1.48 0.2573
NCCN groups

Low and medium risk 25 15.23 9.52 1.9

High risk 11 14.79 0.7922 12.53 0.1877 1.31 0.0469*

Note: *P < 0.05.

Table 5. Relationship between the expression level of Tim-3 on peripheral blood T cells and diagnosis

and prognosis of AML patients

Case number=36  Tim-3+/CD4+(%) P value Tim-3+/CD8+ (%) P value

FLT3-ITD

positive 10 11.51 18.52

negative 26 2.34 0.0021* 8.47 0.3363
CR

CR1 28 5.7 14.75

>CR2 8 0.03 0.242 5.22 0.191
NCCN groups

Low and medium risk 25 1.63 3.93

High risk 11 4.8 0.1321 11.65 0.0203*

Note: *P < 0.05.

Relationship between the expression level of
Tim-3 on blood T cells at diagnosis and the
prognosis of AML patients

The expression level of Tim-3 on blood CD4+ T
cells in AML patients had no obvious correla-
tion with disease remission (CR1 or > CR2) and
NCCN risk group (P > 0.05), but was significant-
ly correlated with FLT3-ITD mutation (P < 0.05);
The expression level of Tim-3 on blood CD8+ T
cells in AML patients had no obvious correla-
tion with disease remission (CR1 or > CR2) and
FLT3-ITD mutation (P > 0.05), but was signifi-
cantly correlated with NCCN risk group (P <
0.05) (Table 5).

Discussion

Inhibitory costimulatory molecule Tim-3 is a
member of the T cell immunoglobulin mucin
(Tim) family [5], which was earliest found
expression on the differentiated and maturated
Th1 cells, through combining with its ligand
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galectin-9 produce inhibitory signals, mediated
Thl cell death, suggesting that Tim-3 is a
negaive regulatory molecules involved in the
cellular immune response of Thl cell [6]. Su-
bsequent researches found that Tim-3 e-x
pressed on dendritic cells, monocytes, CD8+ T
cells and other lymphocyte subsets, and medi-
ate immune suppression through different
mechanisms. Tim-3 as an immune regulatory
molecule, is further studied in the field of immu-
nology, including immune regulation in solid
tumor [2-4], but in the hematological malignan-
cy it had been seldom explored, especially the
role of Tim-3 in AML immune regulation was
rare researched.

T cell mediated immune response is the basis
of anti-tumor immune responses. T cell activa-
tion and proliferation can effectively kill or elim-
inate tumor cells. However, T cell activation and
function is regulated and influenced by many
factors of the microenvironment in vivo [2-4].
Recent years, as the research on the mecha-
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nism of tumor microenvironment affecting T
cell activation and function goes deeper, anti
immune checkpoints molecules have arou-
sed widespread concern. Anti immune check-
points molecules affect T cell immune respons-
es through down-regulate or up-regulate T cell
function [7, 8]. In the tumor occurrence and
development process, they mainly manifest the
inhibitory effect on T cell function, resulting in T
cell energy/depletion/dysfunction, thus weak-
ening the tumor immune response. Cancer
immunotherapy aims to specific monoclonal
antibody blocking immune checkpionts mole-
cule orits ligands to reverse the anergic T cells/
depletion/dysfunction status and to replay the
function of immune surveillance and destruc-
tion or removal of tumor cells. In the tumor
microenvironment, tumor infiltrating lympho-
cytes (TILs) can be the reaction of the body
antitumor immune responses, which has an
important significance on the prognosis of
patients with tumors. Studies have found that,
Tim-3 is high expressed on the TILs [9]. Animal
experiments have also confirmed, TILs of tumor
bearing mices (colon cancer, breast cancer,
melanoma, AML) express Tim-3 with high level
[9, 10], and the high expression of Tim-3 is
related to tumor development and stage [10].

We previously found that Tim-3 highly expressed
in lung cancer tissues and was associated with
tumor progression [4]. However, research is
rare that focus on the Tim-3 in non-solid tumors,
such as acute myeloid leukemia (AML). This
paper analyzed the proportion of CD4+ and
CD8+ T cells in AML peripheral blood and the
expression characteristics of Tim3 on blood T
cells. Results showed that, the peripheral blood
CD4+ T cells, CD8+ T cells and lymphocyte pro-
portion were decreased significantly in newly
diagnosed AML patients than those of normal
control (P < 0.05), and peripheral blood CD4+
T cells, CD8+ T cell ratio (CD4/CD8) in AML is
significantly correlated with NCCN risk groups
(P < 0.05). More significantly, the expression
level of Tim-3 on the CD4+ T cells and CD8+ T
cells of newly diagnosed AML patients were
(4.77+£3.56)% and (5.90+4.91)%, were signifi-
cantly increased compared with normal people
[(0.73+0.62)%, (0.96+0.54)%)] (P < 0.05). We
further analyzed the correlation between Tim-3
expressed level on T cells and the disease diag-
nosis and prognosis. Results suggest that, 1)
Tim-3 expression level on CD4+ T cell patients
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with the FLT3-ITD mutation positive was
increased significantly than that of FLT3-ITD
mutation negative patients, whereas the FLT3-
ITD mutation as a driven role play in the patho-
genesis of AML, is a poor prognosis sign [9]; 2)
Tim-3 expression level on CD8+ T cells in
patients was increased significantly in NCCN
high-risk group than that of the low risk group.
These results suggest that high expression of
Tim-3 on AML patients T cells might be associ-
ated with the prognosis of patients.

Recent years, more and more studies have con-
firmed that the relationship between Tim-3 and
exhaustion of effector T cells. Exhausted T cell
is a kind of damage of T cell, which was first
discovered in virus infected mice [11]. Sub-
sequent studies found that exhausted T cell
can appear in human chronic viral infection and
tumor [12]. The function of exhausted T cells
lose progressively, and there cell phenotype
different from the effector T cells and memory
T cells, lack of proliferation ability and the
response to antigenic stimulation, the ability to
decline or loss of the secretion of cytokines
(such as IL-2, IFN-y, TNF- o) [13]. Immune ch-
eckpoint molecule PD-1 was first identified as a
marker of exhausted T cells in the tumor [14],
which persistent expressed on tumor infiltrat-
ing lymphocytes in patients with tumors and
mediated T cell dysfunction. Subsequent res-
earches found that, Tim-3 is another important
marker of exhausted T cells [15]. Both in cancer
patients and animal experiments, Tim-3 and
PD-1 often showed co-expression, both consid-
ered as common symbols of T cell exhaustion
molecules [3, 16]. Our study suggested that, in
the tumor response of AML, due to the contin-
ued stimulation of leukemia cell antigen and
the induced inhibition of the tumor microenvi-
ronment, T cells also exhibited the status of
exhaustion/dysfunction, as one of the impor-
tant immune suppression in the tumor micro-
environment, weaken the immune response to
AML cells, which played an important role in
AML development.

In our study, CD4+ and CD8+ T cell proportion
were significantly decreased in AML patients,
and the ratio of CD4+ and CD8+ T cell (CD4/
CD8) was associated with the AML NCCN risk
stratification. So we speculated that high
expression of Tim-3 on T cells might also lead
to T cells more susceptible to death, which
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might be one of the factors leading to the devel-
opment and prognosis of AML.

In summary, high expression of Tim-3 on blood
T cells in AML patients was associated with
clinicopathological prognostic stratification.
The negative immune regulation of Tim-3 in-
volved in the AML may be mediated through the
T cell exhaustion, but its exact function and
mechanism remains to be further studied.
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