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Abstract

Objectives: We compared the percentages of memory T cells in patients with acute myeloid leukemia (AML) to healthy
controls and tried to detect any association of these cells to treatment outcome.

Methods: The study involved 34 adult patients with AML and 24 healthy controls. Following the diagnosis of AML,
blood samples were collected from patients and controls for flow cytometric detection of CD8+T, CD4+T, T, T, T,
Toyew @nd T, subsets of both CD4+ and CD8+T-cells.

Results: No significant differences in the mean percentages of CD4+T-cell types between AML patients and controls,
with the exception of the total percentage of CD4+T-cells which accumulated in controls, furthermore, significant accu-
mulations of CD8+T, .., CD8+CD45+R0, and CD8+T,,, were detected in patients compared with controls, while CD8+,
CD8+T,, CD8+T,,, and CD8+T_,, accumulated in controls compared to patients, moreover, significant elevations of
total CD8+T-cells, CD8+T,,.,, CD8+T_,, CD8+T_ , and CD8+T,, in patients with remission compared to those without
remission, on the contrary, CD4+T memory cells did not show any significant differences.

Conclusion: Our results showed that accumulation of CD8+T memory cells in AML patients, especially those who
achieved remission, could enhance the immune response, particularly in those at high risk of relapse after bone mar-
row transplantation.

Keywords: Acute myeloid leukemia, CD4+T memory cells, CD8+T memory cells, flow cytometry, remission.

Cite This Article: Zahran AM, Zahran ZAM, Gamal DA, Elsayh IKl, Moeen SM, Wahman MM, et al. Disturbed Expression of
Memory T-Cell Subsets Could Alter the Outcomes in Adult Acute Myeloid Leukemia. EJMO 2023;7(4):362-370.

mmunological memory refers to an induced immune re-
sponse upon re-exposure to an antigen relative to the first
exposure. Notably, classicimmune memory cells could be in-
duced by different infections. The ability to determine func-
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tionally distinct subsets of memory cells has considerable im-
portance as a way to characterize an immune response better.

Memory CD8 T cells are defined as CD8 T cells that re-
spond to primary infection and are maintained for a long
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term. Hence, patients who developed memory CD8 T cells
achieved a good response against solid tumors and infec-
tion. Generally speaking, humans are exposed to variable
infections throughout their lives and reencounter the same
infections at a later time. Upon antigen exposure, TCM and
TEM subsets of memory CD8+T cells can be identified in
hosts, along with a terminally differentiated subset that also
expresses CD45RA (T,,..). Initial characterization of these
subsets depends on the expression of CD45RA and CD27.
B However, subsequent reports discriminated TEM and TCM
subsets based on the expression of CCR7," and memory
cells stained positively by CD45RA, CD27 and CCR7 are iden-
tified as naive cells (TN) i.e. (CD45RA+/CD27+/CCR7+), TEM
can be identified as (CD45RA—/CD27—/CCR7-), while TCM
as (CD45RA—-/CD27+/CCR7+), and finally T, ., as (CD45RA+/
CD27-/CCR7-) CD8 T cells. All these cells accumulate with
increasing age. Furthermore, chronic infection such as CMV

in humans results in the accumulation of T, ..’

While memory CD8+ T cells are important for protective im-
munity against many types of infectious pathogens, CD4+
memory T cells are essential for the production of high-af-
finity memory B cells and long-lived plasma cells.® Follow-
ing immunization, CD4+ T-cells expand progressively to
produce the different specialized effector cells required to
defend against the specific antigenic challenge that is fol-
lowed by a decline in their levels because most of these cells
die off. Whereas the remaining memory T cells undergo slow
homeostatic proliferation in order to maintain their numbers
to respond to previously recognized antigens, likewise to
memory CD8+T cells, CD4+ T cells can be divided into differ-
ent functional subsets such as effector memory (T, ), central
memory (T, ), and follicular helper (T_), each of which has
specialized functional capacities and sites of action and may
also exhibit different homeostatic and localization charac-
teristics.”- 8 Recently, a new memory CD4+T cell subset, stem
cell memory T (T ), which has stem cell-like characteristics,
has been identified.”

Yao et al. analyzed The percentages of T, T, T, and T,
cellsin CD4+ and CD8+ populations in 20 patients with CML.
[9They found that CD8+ T, and CD8+ T, cells were signifi-
cantly decreased in the peripheral blood of these patients;
however, there was no significant change in the CD4+T cell
population. The shift from T, and T, cells to highly differ-
entiated T, and T, cells was thought to be due to persistent
exposure of T cells to leukemic cells and their microenviron-
ment, leading to T cell exhaustion and/or dysfunction.!'”

To study the influence of memory T cell subsets and their
functions in acute myeloid leukemia patients, we collected
samples from PB in AML patients at the time of diagnosis.
We compared the distributions of memory T cell subsets to
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healthy controls. Next, we tried to find the impact of their
high levels on the response to treatment.

Methods

This prospective cohort study was carried out in Assiut
University Hospital (AUH) and South Egypt Cancer Insti-
tute (SECI). We recruited a cohort of 34 patients diagnosed
with acute myeloid leukemia >18 years old and 24 healthy
controls. Patients with microbial-induced inflammation, as
detected by cultures and those with autoimmune diseases
were excluded.

The diagnosis of acute leukemia was based on peripheral
hemogram assessment, morphologic bone marrow (BM)
examination, cytochemical studies, and flow cytometry to
identify the cell lineages and subsets. At diagnosis, prelimi-
nary total and differential CBC, serum albumin (ALB), were
used to calculate different inflammatory indicators, includ-
ing monocyte to lymphocyte ratio, calculated by dividing
absolute monocytic count by absolute lymphocytic count;
neutrophil to lymphocyte ratio, calculated by dividing ab-
solute neutrophilic count by absolute lymphocytic count;
platelet to lymphocyte ratio, calculated by dividing abso-
lute platelet count by absolute lymphocytic count; and the
prognostic nutritional index (PNI) was calculated by adding
serum ALB (g/L) plus total lymphocytic count per uL after
being multiplied by 0.005 (ALB + TLC x 0.005); PNI value
> 50 is considered normal; PNI value < 50- = 45 indicates
mild malnutrition; PNI value < 45-> 40 indicates moderate
malnutrition, and PNI value < 40 is considered indicator of
serious malnutrition.

Flow Cytometric Detection of Subsets of

T Lymphocytes

After diagnosis, peripheral blood mononuclear cells
(PBMCs) were isolated from peripheral blood by Ficoll den-
sity gradient centrifugation (Biochrom GmbH, Germany).

The cells were washed, and 2x106 cells were stained for 20
min on ice with CD27 FITC, CD4-APC-H7, CD8-PE, CD45RO-
PE-Cy7, CD45RA-APC, CCR7-Per-CP-Cy5.5 and CD95-V500
(Becton Dickinson Biosciences, CA, USA).

After washing, the cells were resuspended in PBS and ana-
lyzed by FACS Cantor flow cytometry (Becton Dickinson
Biosciences, USA). An isotype-matched negative control
anti-human IgG was used with each sample. Then, lympho-
cyte gating was done based on their scatter characteristics
on forward and side scatter histograms. First, CD4+ cells and
CD8+ cells were gated. Further gating of CD4+ and CD8+ T
cells was based on their characteristic expression patterns of
CD45RA and CD45RO, followed by gating based on CD27,
CCR7 and CD95 expression on CD4+ and CD8+T cells.
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Based onthe previous expression patterns,eachT cell subset
was defined as follows: TCM; CD4+/CD8+ CD45R0O+CCR7+.

T.,; CD4+/CD8+ CD45RO+ CCR7~.
T,y CD4+/CD8+ CD45RO— CD45RA+ CCR7— CD27-.
T,; CD4+/CD8+ CD45RO— CD45RA+ CCR7+ CD27+ CD95-.

T, CD4+/CD8+ CD45RO-CD45RA+ CCR7+ CD27+ CD95+
(Fig. 1).

Treatment of AML: The backbone of treatment of most
types of AML was chemotherapy, except APL, which was
typically given in two divided phases.

Em’

1. Remission induction: age, performance status, cardiac
status and other risk factors were taken into consider-
ation upon choosing chemotherapy, but mainly de-
pended on Cytarabine (ara C) and anthracyclines (doxo-
rubicin) in what's called 7+3 regimen.

In some patients, cladribine was added, and intrathecal
chemotherapy -/+ craniospinal or cranial radiotherapy
were used. Patients with reduced cardiac output as de-
termined by ejection fraction in echocardiography were
contraindicated to receive anthracyclines, so they were
treated with another chemotherapy drug, such as fluda-
rabine or etoposide.

Bone marrow biopsy was performed one week after in-
duction, and remission was confirmed by the presence
of no more than 5% blasts; if so, they were shifted to the
second phase of treatment.

2. Consolidation: For patients younger than 60 years of
age, the main treatment options are high-dose Cytara-
bine (ara-C) given over five days for 3-4 cycles every four
weeks, allogeneic stem cell transplant, or autologous
stem cell transplant were options. For patients older
than 60, options for consolidation included High-dose
Cytarabine (usually lower than used in younger pa-
tients), standard-dose Cytarabine given together with
doxorubicin, or mitoxantrone, non-myeloablative stem
cell transplant (mini-transplant) was an option.

Statistical Analysis

All data were analyzed using IBM-SPSS version 26, and
all memory T cells were not normally distributed by
the Shapiro-Wilk test except CD4+CD45+RA (p=0.2),
CD4+CD45+R0 (p=0.2), CD8+T,,, (p=0.3), CD8+T_,, (p=0.06),
& CD8+CD45+R0O (p=0.1), the association between scale
and two categorical variables were done by Mann Whitney
U-test and independent sample t-test, correlations between
scale variables were done by Pearson’s and Spearman rho
according to type of scale variables, because of the presence
of multicollinearity between CD8+T memory cells, with con-
dition index >10 and Eigen value approached 0, we chose bi-
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Figure 1. Flow cytometric detection of T lymphocyte subsets: (a)
Forward and side scatter histogram, Lymphocytes were gated based
on their characteristics. (b) CD4 and CD8 were assessed on lympho-
cytes and then gated for further analysis. (c-1) CD4+ cells and CD8+
cells were subdivided based on characteristic expression patterns of
CD45RA, CD45RO0, CD27, CCR7 and CD95 into: T, ; CD8+ CD45RO+C-
CR7+; T,,, CD8+ CD45R0O+ CCR7—; T, s CD8+ CD45RO— CD45RA+
CCR7- CD27-; T,; CD8+ CD45RO- CD45RA+ CCR7+ CD27+ CD95-;
T, CD8+ CD45RO-CD45RA+ CCR7+ CD27+ CD95+.

nary logistic regression with forward likelihood ratio for mul-
tivariate analysis. To detect the presence of outliers among T
memory in cases we ran Cook's test, we found three outliers
of no significant impact, as figured below (Fig. 2)
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Figure 2. Cook’s test among 34 cases of AML.

Results

Table 1 demonstrated different demographic and labora-
tory characteristics of 34 patients with AML with a mean
age of 41.1 years. Most patients were males, the peripheral
blast had a mean number of 43.8+5.4, and different hema-
tologic and chemistry profiles, and different electrolyte lev-
els and LDH were tabulated below.

Regarding the inflammatory indices in AML patients, the
mean=SE of NLR, LMR, and PNI were 2.0+0.5, 11.15+7.3,
and 33.1+1.14.

Notably, there were no significant differences in percentag-
es of CD4+T cell types between AML patients and healthy
controls, with the exception of the total percentage of
CD4+T cells (p<0.001) and CD4+TSCM (p=0.019) that accu-
mulated in controls compared to patients, Table 2.

Conversely, significant differences in the mean values of all
studied CD8+T memory cells in AML patients compared
to healthy controls with the exception of CD8+CD45+RA
cells; furthermore, there were accumulations of CD8+T,, .,
CD8+CD45+R0, and CD8+T,,, in patients compared with
controls, while CD8+, CD8+T,, CD8+T,,, and CD8+T_,
accumulated in controls compared to patients as demon-
strated in Table 3.

Response to Treatment Among AML Patients

Twenty (58.8%) patients achieved complete remission and
14 patients didn’t achieve remission (41.2%).

Univariate analysis of the impact of different T memory
cells on the response to treatment

Table 4 demonstrated significant elevations of CD8+T cells,
CD8+T,,,. CD8+T,, CD8+T, and CD8+T,, in patients
with remission compared to those without remission. On
the contrary, CD4+T memory cells did not show any signifi-

cant differences.
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Table 1. Demographic and Laboratory characteristics of AML
patients

Characteristics Descriptive (n=34)

Age (mean=SE) 41.1£2.3 years
Range 20-65 years
Sex (male/female) 23/11
Peripheral blasts (mean+SE) 438 +5.4
Range 3-150
Median 36.4
Liver functions
AST (U/L) 51.6+11.2
ALT (U/L) 46.3+13.7
ALP (U/L) 151.2+£17.2
T-bilirubin (mg/dL) 0.8+0.12
Total protein (g/L) 63.6x+1.4
Albumin (g/dL) 33.03+1.15
Hematologic data
HB (g/ul) 8.8+0.4
WBCs (* 10°/L) 47.4+£12.01
Neutrophils (* 10%/L) 9.5+3.4
Lymphocytes (* 10%/L) 7.2£2.7
Monocytes (* 10%/L) 9.9+3.5
Basophils (* 10%/L) 3.1+14
Eosinophils (* 10°/L) 0.3+0.2
Platelets (* 10%/L) 56.24+9.7
Renal functions
Urea (mg/dL) 27.5+2.5
Creatinine (mg/dL) 0.12+0.7
Electrolytes
Ca (mg/dL) 9.3+0.2
Mg (mg/dL) 2.4+0.1
Ph (mg/dL) 3.5+0.4
Na (mg/dL) 136.2+0.7
K (mg/dL) 3.7+0.2
LDH (U/L) 1399+217.9

Data expressed as mean=SE; Ca: calcium; Mg: magnesium; Ph: phosphorus;
Na: sodium; K: potassium.

Table 2. Differential expressions of CD4+ T memory cells between
AML patients and healthy controls

Patients Controls P
CD4+T 27.1+1.2 357+1.1 <0.001
CD4+CD45+RA? 43.5+1.7 48.1£2.3 0.1
CD4+T,,,, 3.19+0.5 3.640.45 0.5
CD4+T,, 37.9+17 36.1+2.4 0.5
CD4+T,, 1.5+0.1 1.97+0.2 0.019
CD4+CD45+R0? 44.04£1.5 41.02+1.4 0.1
CD4+T,, 26.2+1.6 26.2+1.8 0.9
CD4+T,, 17.64+1.1 14.1£1.7 0.06

Data expressed as mean percentages +SE, analyzed by Mann Whitney test
and independent sample t-test.
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Table 3. Differential expression of CD8+T memory cells between
AML patients and healthy controls

Mean=SE

Patients Controls p
CD8+T cells 22.6x0.7 26.6+1.03 0.002
CD8+CD45+RA 43.7£14 46.5+2.04 0.2
CD8+T,,, 19.8+1.45 12.8%1.1 0.001
CD8+T, 21.9+£1.92 32.3+£1.94 <0.001
CD8+T,,° 1.7+0.2 3.7+0.2 <0.001
CD8+CD45+R0O? 46.6+1.53 42.42+1.3 0.042
CD8+T,, 13.94+0.8 17.2+1.22 0.031
CD8+T,,? 31.3x1.6 25.35+1.41 0.008

Data were expressed as mean=SE, analyzed by Mann Whitney test and
independent-sample t-test?.

Correlations between Peripheral Blasts and
T Memory Cells

There were no significant correlations between the per-
centage of pretreatment peripheral blasts and T mem-
ory cells except with CD8+T,, .. (r=-0.494, p=0.003) and
CD8+T,,, (r=-0.395, p=0.021), where a negative association
was detected (Fig. 3).

Correlations between Inflammatory Indices and T
Memory Cells

LMR was positively correlated with CD8+T, CD8+T,, and
CD4+T,,,, (r=0.39 & p=0.03, r=0.4 & p=0.023, r=0.4 &
p=0.02 respectively). while NLR exhibited a negative corre-
lation with CD8+CD45+R0O and CD4+T, (r=-0.4 & p=0.02,
r=-0.5 & p=0.006 respectively), and PNI did not show any

correlations with T memory cells (Fig. 4 a, b).

Multivariate Analysis of Different Memory Cells

Using binary logistic regression to detect the impact of dif-
ferent memory cells (CD8+, CD8+T,,,.,, CD8+T_,, CD8+T_,,
CD8+T,,) and CD4/CD8 ratio in remission status, the cor-
rect classification of the model was 82.4%.

The odds of having remission among the studied patients
increased significantly for each increase in the level of
CD8+T cells but not with other memory cells, as shown in
Table 5.

Discussion

Generally, about 70% of adult AML patients achieve com-
plete remission following induction chemotherapy; how-
ever, most of them ultimately relapse and die of the dis-
ease,' according to the National Cancer Institute's SEER
(Surveillance, Epidemiology, and End Results) database,
only 29.5% of AML patients remain alive for five years.
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Table 4. Differential expression of T memory cells according to

remission status

T cell memory

Remission=20

No remission=14 P

CD8+T cell 24.61+1 19.7+0.54 <0.001
CD8+CD45+RA 45.32+1.95 41.4+£1.9 0.18
CD8+T,,,., 22.28+1.8 16.15+2.2 0.035
CD8+T, 23.21+£2.74 19.95+2.5 0.4
CD8+T,, 2.04+0.26 1.1210.23 0.017
CD8+CD45+R0O? 44.13+2.05 50.1£2.02 0.06
CD8+T,, 15.69+1.004 11.4%1 0.007
CD8+T,,? 34.01£1.8 27.49+2.5 0.038
CDA4+T cell 25.59+1.5 29.19+1.9 0.1
CD4+CD45+RA? 42.16+2.6 45.51+2.1 0.3
CD4+TE, ., 2.96+0.6 3.53+0.71 0.5
CD4+TNS 36.001+2.53 40.5+1.95 0.1
CDA+T, 1.54+0.13 1.47%£0.19 0.7
CD4+CD45+R0O? 45.56+2.04 41.87+2 0.2
CDA+T,, 25.77+2.29 26.75+2 0.7
CD4+T,, 19.03£1.7 15.64+1.1 0.1
CD4/CD8 ratio® 1.1£0.1 1.5£0.1 0.002
Pretreatment blasts 28.2+3.2 66.014+9.8 0.002

Data expressed as mean=SE, analyzed by Mann Whitney test and
independent-sample t-test®.
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Figure 3. Cook’s test among 34 cases of AML.

In spite of being of low immunogenicity, however, AML
blasts are gifted several unique immune evasion mecha-
nisms, and their antileukemic responses are mainly related
to mutational quality rather than quantity.'*'"? Effector T
cells are able to recognize leukemic blasts, evidenced by
their susceptibility to T-cell-mediated killing in allogeneic
transplantation and donor lymphocyte infusion.!®!

Our results demonstrated that only total CD4+T cells and
CD4+T,,, accumulated in controls but not in patients,
while significant elevations in CD8+T,, ., CD8+T_ , and

CD8+CD45+RO cellsin AML patients compared to controls,



E
600
B
R
200
o}
o 0 N &N L] 1000 20
08
‘mm MR
0 CLRJIBJCM
) CDATEMRA
0 iR
CD8
MR
3000 -
. i
. CDATEMRA
| LR
L
O B
2000 QP’ - B
§ o
PP
10| Q0 J--
@
00
il
[0 5000 100.00 15000 20000 oo

Figure 4. Correlations between inflammatory indices (a) NLR & (b)
LMR and T memory cells.

and the remaining total CD8+T cells, CD8+T,, CD8+T,,
and CD8+T,,, accumulated significantly in controls com-
pared to patients. Hence, no significant differences in
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CD4+T memory cells between patients who achieved re-
mission compared to those without remission; however, all
CD8+T cell memory accumulated in patients with remis-
sion, with the exception of CD8+T, ., CD8+CD45+RA and
CD8+CD45+RO.

In secondary lymphoid tissues, CD8+T, cells are activated
by mature circulating dendritic cells (DCs), which present
tumor-derived antigens on MHC class | molecules;"” these
cells are activated then differentiated to effector T cells and
migrate to peripheral blood where they recognize tumor
cells by T-cell receptors, classically, the circulating memo-
ry compartment consists of central-memory (T ) and ef-
fector-memory (TEM) CD8+ T cells which are responsible
for establishing long-lasting antitumor responses. '8 A
subtype of memory T cells persists in lymphoid and non-
lymphoid tissues known as tissue-resident memory T cells,
where they provide strong innate and adaptive immunity
against infectious diseases and tumors in these sites,!"% 2
supporting evidences for the role of memory T cells in im-
munosurveillance against cutaneous melanoma and other
tumor models were eventually explored.?"22

NS’

Although we did not test these resident memory cells in
our research, but generally speaking, our results might
be comparable to previous evidences regarding the sig-
nificantly higher level of C D8+T_ in patients compared to
controls and in patients with remission compared with no
remission.

Yasmin et al. evaluated the level of CD8+T, and CD8+T,_,
in positive axillary lymph nodes of breast cancer patients
compared to non-tumor-involved lymph nodes. They ob-
served significantly higher levels of T in tumor positive
LNs. At the same time, T, cells were significantly higher
in stage Il compared to stage I;** T_, were discovered to
produce persistent graft versus host disease because they
survived for a long time and exhibited significantly better

antitumor capability than TEM.1242°]

Allogeneic bone marrow transplantation represents the
main treatment option for AML. However, disease relapse
and progression are responsible for treatment failure.2®
The efficacy of transplantation depends mainly on the
ability of donor lymphocytes to eliminate residual tumor
tissues via what is called the graft versus leukemia effect.
The durable persistence of this effect requires long-lasting
maintenance of these reactive T cells, which was explained
by the presence of the T, pool.””

Tumor-infiltrating CD8+T cells were assumed to predict
the response and survival in cancer patients treated with
immunotherapy,?#3 in spite, some patients with high lev-
els of CD8+T cells responded. In contrast, others did not
that could be partly explained by different phenotypes
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Table 5. Multivariate logistic regression of CD8+T memory cells

Zahran et al, Memory T Cell Subsets in Adult AML / doi: 10.14744/ejmo0.2023.35138

B SE. Wald Sig. Odds ratio 95% C.l.for odds ratio
Lower Upper
CDhg° .549 201 7.486 .006 1.732 1.169 2.566
Constant -11.484 4.231 7.368 .007 .000

Only CD8+cells were analyzed, odds=eB.

and functions of tumor-infiltrating CD8+T cells, including
memory CD8+T cells; a meta-analysis of nine studies con-
cluded that memory CD8+T cells were closely correlated
with progression-free survival and overall survival in cancer
patients treated with immunotherapy.?

Several studies reported that T, cells may play a pivotal
role in specific antitumor response and long-term immune
surveillance directed against tumors, in addition to their
ability to differentiate to T, T, and terminal effector T
cells subsequently proposed to be a key determinant in
immune memory with their significance for immune re-
constitution and prognosis of patients with hematological
malignancies before and after therapy.’**34 Consistent with
the previous reports, our results revealed elevated T, T, ,
T, and T, ., cells in patients with remission compared to

those without.

CD4+T memory cells have been reported in many studies
to be an important constituent of the tumor microenviron-
ment in many solid tumors, where they infiltrate tumor tis-
sue more than normal tissues in colorectal cancers.® How-
ever, they are associated with invasion and aggressiveness
in triple-negative breast cancer® and favorable prognosis
and survival in lung adenocarcinoma®®” and gastric cancer.
38 1n NHL and CLL, CAR-T cells, generated from both CD4+T
and CD8+T memory cell subsets, demonstrated high effi-
cacy in treating these tumors, supporting the role of CD4+T
memory cells in inducing and persisting CD8+T memory
functions,® 4% our data failed to find significant differ-
ences between patients and controls in different CD4+T
memory subsets with the exception of total CD4+T cell
and CD4+T,,, that were accumulated in controls compared
to later group, which partially explained comparability of
these cells between remitting and non-remitting patients.

The small sample size was a crucial limiting point that led to
the loss of multiple relations, partly due to the low flow rate
of adult AML presented to our institute; moreover, molecu-
lar and cytogenetic markers and karyotypic analysis were
not documented for all patients, so we could not analyze
their associations with T cell subsets, in addition, because
of limited resources, a few numbers of patients could be
salvaged with BMT. Hence, the types and percentages of T

cell subsets were not evaluated after BMT and their impact
on BMT.

Despite significant progress in AML therapy, there is a gap
in understanding the role of different T memory cells that
requires more effort to clarify further the changes between
different subsets of T memory cells, particularly T, , .. To our
knowledge, this is the first research to shed light on the role
of these cells in AML. Moreover, it is worth noting that a
single treatment modality cannot effectively eliminate tu-
mor cells; hence, immune cell therapy should be combined
with monoclonal antibody therapy, radiotherapy, chemo-
therapy, and other treatment modalities so that patients
can get better results.

Conclusion

Convincing evidence in preclinical and clinical studies
proved that T memory cells are important tools in adaptive
immunity in tumor immunotherapy; our results showed
that accumulation of CD8+T memory cells in AML patients,
especially those who achieved remission, could enhance
the immune response, namely those who are at high risk of
relapse after bone marrow transplantation.
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