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Research Article

Introduction

Acute myeloid leukemia (AML) is one of the most com-
mon hematological malignancies, primarily affecting 
older adults, with a median age at diagnosis of 69 years. 
AML may occur as a progression of myelodysplastic syn-
dromes (MDS), denominated AML with myelodysplasia-
related changes (AML-MRC). AML-MRC has a worse 
outcome than de novo AML.1 Elderly AML-MRC patients 
are usually not candidates for bone marrow (BM) trans-
plants nor eligible for intensive chemotherapy.2 
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Abstract
Green tea (GT) treatment was evaluated for its effect on the immune and antineoplastic response of elderly 
acute myeloid leukemia patients with myelodysplasia-related changes (AML-MRC) who are ineligible for aggressive 
chemotherapy and bone marrow transplants. The eligible patients enrolled in the study (n = 10) received oral doses 
of GT extract (1000 mg/day) alone or combined with low-dose cytarabine chemotherapy for at least 6 months and/
or until progression. Bone marrow (BM) and peripheral blood (PB) were evaluated monthly. Median survival was 
increased as compared to the control cohort, though not statistically different. Interestingly, improvements in the 
immunological profile of patients were found. After 30 days, an activated and cytotoxic phenotype was detected: GT 
increased total and naïve/effector CD8+ T cells, perforin+/granzyme B+ natural killer cells, monocytes, and classical 
monocytes with increased reactive oxygen species (ROS) production. A reduction in the immunosuppressive profile 
was also observed: GT reduced TGF-β and IL-4 expression, and decreased regulatory T cell and CXCR4+ regulatory 
T cell frequencies. ROS levels and CXCR4 expression were reduced in bone marrow CD34+ cells, as well as nuclear 
factor erythroid 2–related factor 2 (NRF2) and hypoxia-inducible factor 1α (HIF-1α) expression in biopsies. Immune 
modulation induced by GT appears to occur, regardless of tumor burden, as soon as 30 days after intake and is 
maintained for up to 180 days, even in the presence of low-dose chemotherapy. This pilot study highlights that GT 
extracts are safe and could improve the immune system of elderly AML-MRC patients.
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Hypomethylating agents such as azacytidine are the cur-
rent mainstay of therapy for advanced MDS and AML in 
the elderly; however the overall survival is not satisfactory 
and hematological responses occur in no more than 30% 
of patients.3 Treatment options for these patients are based 
on reduced intensity chemotherapy, such as low-dose 
cytarabine, best supportive care possible, and/or enroll-
ment in clinical trials4 which encourages the search for 
new therapeutic approaches.

Polyphenols are natural compounds distributed in fruits, 
vegetables, cereals, oils, and especially in tea, the most con-
sumed beverage in the world, second only to water for its 
human health-promoting characteristics. These compounds 
are known to have potential biological activity against can-
cers, diabetes, and cardiovascular disease.5 Among the 
common polyphenol-rich sources, green tea (GT) extract 
has been reported to modify proliferation, apoptosis, and 
other hallmarks of carcinogenesis.5,6 GT extracts contains 
approximately 50% of polyphenols (known as catechins) 
and epigallocatechin-3-gallate (EGCG) is generally consid-
ered to be the main active catechin in green tea.7 Oral prepa-
rations of GT catechins have been reported to present an 
acceptable safety profile in healthy individuals,8,9 which 
validates GT as an attractive candidate for AML-MRC.

Studies have reported that GT catechins have antitumor 
effects on hematologic malignancies such as chronic lym-
phocytic leukemia.10-13 Pre-clinical studies have reported 
anti-proliferative and pro-apoptotic effects of GT catechins 
in myeloid leukemia cell lines,14-17 AML xenograft 
mice14,15,18 and leukemia experimental models.19 However, 
clinical studies of the effects of GT catechins on AML are 
unavailable. Moreover, commercial GT products have been 
widely promoted and are consumed by a significant number 
of patients, rendering the determination of the effect of GT 
extract on AML-MRC important.

Herein, we investigated the potential role of GT extract 
on the immune and antineoplastic response of elderly AML-
MRC patients, ineligible for aggressive chemotherapy and 
BM transplants.

Methods

Study Design and Participants

Elderly AML-MRC patients unfit for conventional che-
motherapy and BM transplants using subcutaneous low-
dose cytarabine were enrolled in this non-randomized, 
interventional, open-label, single arm, phase II pilot 
study. Patients diagnosed from October 2012 to December 
2015 at the Hematology and Transfusion Medicine 
Center, University of Campinas Brazil were recruited and 
enrolled by the hematologists who assigned the partici-
pants to interventions. Eligibility criteria were patients 
over 60 years of age with AML-MRC according the 2016 

World Health Organization classification; Eastern 
Cooperative Oncology Group performance status 0 to 3; 
informed consent, personally signed (or by the legal 
responsible person) and dated, to participate in the study; 
capability of complying with the study procedures and 
follow-up examinations; latest chemotherapy regimen at 
least 60 days before. No use of hydroxyurea was allowed. 
Exclusion criteria included patients with psychiatric dis-
orders that could interfere with consent, study participa-
tion, or follow-up; chronically impaired renal function 
(creatinine clearance <30 ml/minute); both inadequate 
liver function (serum alanine aminotransferase and aspar-
tate aminotransferase >2.5 × upper limit of normality) 
and total bilirubin >1.5 × upper limit of normality, if not 
caused by leukemic infiltration were excluded. Patients 
with known human immunodeficiency virus disease or 
active hepatitis C infection; diagnosed with another 
malignancy; history of organ allograft; patients with an 
indication for and capable of undergoing a non-myeloab-
lative transplant procedure; cardiac disease resulting in 
heart failure (New York Heart Association class III or 
IV); unstable coronary artery disease (myocardial infarc-
tion more than 6 months prior to study entry was permit-
ted); serious cardiac ventricular arrhythmias requiring 
anti-arrhythmic therapy (beta blockers or digoxin were 
permitted) were also excluded. All patients provided writ-
ten informed consent for the study participation and data 
collection. Patient sample collections, patient consent and 
recruitment were in accordance with the protocols 
approved by the Institutional Ethics Committee of the 
University of Campinas (#14290713.8.0000.5404) and 
were registered in the Brazilian Registry of Clinical Trials 
(RBR-2tstxd). This study was conducted according to the 
Declaration of Helsinki.

Study Protocol

AML-MRC enrolled patients (n = 10) received 2 capsules 
of GT extract totaling 1000 mg once daily for at least 
6 months and/or until progression. Subcutaneous low-dose 
cytarabine (10 mg/m2 every 12 hour for 14 consecutive 
days) was introduced according to tolerance; frail patients 
received GT alone. Each flask of cytarabine contained ster-
ile solution of 100 mg/ml cytarabine for intravenous and 
subcutaneous use (Accord Farmacêutica Ltda., Brazil). GT 
extract (from the leaves of Camellia sinensis (L.) Kuntze), 
standardized to 50% polyphenols, 30% catechins, 15% 
EGCG by HPLC (Galena, Brazil), was packed in capsules 
containing 500 mg. Microbiological and toxicological 
analyses were carried out to control the presence of even-
tual degradation products, heavy metals, or any other unac-
ceptable contaminants. The application of the GT 
standardized extract dose of 1000 mg once daily was based 
on phase I/II clinical trials.12,13
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BM and peripheral blood (PB) were evaluated monthly 
for safety and immune cell modifications. Responses were 
classified in accordance to the International Working Group 
for therapeutic trials in AML.20 Clinical evaluations and 
laboratory studies for potential toxicities, including serum 
liver enzymes, bilirubin, creatinine, uric acid, were per-
formed weekly. Sample size estimation was performed 
according to the 2-stage Simon design with a futility thresh-
old of 10 patients for the first part.

For survival comparison, we retrospectively analyzed 
clinical data from 12 AML-MRC patients (control cohort) 
diagnosed from December 2008 to January 2017 at the 
same Institution and treated by the same team with the same 
conventional care regimens including transfusion therapy 
and, when possible, low-dose cytarabine chemotherapy. 
Patients with early death (before 1 month of therapy) were 
excluded from the cohort.

Flow Cytometry Analysis

BM and PB samples were incubated for 30 minutes at room 
temperature with the following specific antibodies: CD3-
Peridinin-chlorophyll-protein (PerCP); CD4-Fluorescein 
isothiocyanate (FITC) or tandem fluorochrome composed 
of R-phycoerythrin (PeCy5); CD8-FITC or R-phycoerythrin 
(PE); CD14-FITC; CD16-PE or Alexa®647; CD19-PeCy5; 
CD25-FITC or Allophycocyanin (APC); CD27-PE; CD34-
FITC; CD38-PE; CD45-PE, PerCP or APC; CD45RA-
APC; CD45RO-APC; CD56-FITC; CD184 (CXCR4)-APC. 
After incubation, red blood cells were lysed using FACS™ 
lysing solution (BD Biosciences). For intracellular stain-
ing, cells were fixed with 4% paraformaldehyde, and then 
suspended in permeabilization solution (BD Biosciences) 
for 30 minutes at room temperature before labelling with 
granzyme B-PE or APC and perforin-APC (e-Bioscience), 
or an isotype control antibody (BD Biosciences). For fork-
head box P3 (FOXP3)-PE staining, cells were incubated 
with FOX Buffer solution (BD Biosciences) following the 
manufacturer´s instructions. Unless specified, all antibod-
ies were from BD Biosciences. For ROS measurement, 
cells were incubated with 25 µmol/l of 2′,7′-dichlorofluo-
rescein diacetate (DCFDA)-FITC at 37°C for 30 minutes. 
Fluorescence analysis was performed using a FACS 
Calibur and analyzed with BD FACS Diva or FlowJo soft-
ware (Becton Dickinson).

Quantitative Polymerase Chain Reaction (qPCR)

Total RNA was extracted from PB mononuclear cells 
using the RNeasy Micro Kit (Qiagen). cDNA was synthe-
sized using Revert Aid H Minus First Strand cDNA 
Synthesis Kit (Fermentas). All samples were assayed with 
cDNA, SYBR Green Master Mix PCR (Fermentas), and 
specific primers in the ABI 7500 Sequence Detection 

System (Applied-Biosystem). The values of the relative 
quantification of gene expression were calculated using 
the equation 2−ΔΔCT.21 A negative “no template” control 
was included for each primer pair. Amplification specific-
ity was verified using a dissociation curve at the end of 
each run. Three replicas were run on the same plate for 
each sample. Sense and antisense primers were designed 
to be complementary to the sequences contained in differ-
ent exons (sequences of genes at Supplemental Table S1).

Stromal Cell-derived Factor-1α (SDF-1α) 
Quantification

SDF-1α was measured in the serum of patients by RD 
Luminex Screening Human Magnetic Assay (LXSAHM-04 
CXCL12/SDF-1 alpha (BR20) using Bio Plex 200 instru-
ment equipped with Bio-Plex Manager software version 6.0.

Immunofluorescence Microscopy

Confocal imaging was carried out using primary antibodies 
against nuclear factor erythroid 2–related factor 2 (NRF2) 
Alexa fluor 555-conjugated anti-mouse secondary antibod-
ies. Cells were immobilized on cover slips previously 
treated with poly-L-lysine (1 mg/ml), fixed with 4% para-
formaldehyde for 15 minutes and permeabilized in PBS 
containing 0.5% Triton-X-100 for 15 minutes. The cells 
were then blocked with 3% BSA in PBS and incubated with 
the primary (overnight, 4°C) and secondary (2 hour, room 
temperature) antibodies. Slides were mounted using the 
Prolong Gold antifade reagent with DAPI (Molecular 
Probes) and examined at the National Institute of Science 
and Technology on Photonics Applied to Cell Biology 
(INFABIC) at University of Campinas, using a Zeiss LSM 
780-NLO confocal on an Axio Observer Z.1 microscope 
(Carl Zeiss AG). Images were collected using 1024 × 1024 
image format and 63× optical zoom. In the absence of pri-
mary antibodies, staining of secondary antibodies (negative 
controls) failed to produce any significant staining.

Immunohistochemistry Staining

NRF2 and hypoxia-inducible factor 1α (HIF-1α) protein 
expression was demonstrated in paraffin-embedded sec-
tions using conventional immunohistochemical techniques. 
Briefly, 4 µm sections of BM biopsy specimens were depa-
raffinized, hydrated and endogenous peroxidase was 
blocked with H2O2. Antigen retrieval was performed by 
boiling the slides in 0.1 mM citrate buffer, pH 6.0, in a 
microwave oven for 12 minutes. After cooling, the sections 
were incubated with the monoclonal antibodies of interest, 
overnight, at 4°C. The reaction was detected with the strep-
tavidin-biotin-peroxidase complex and stained with diami-
nobenzidine. Counterstaining was performed with Meyer’s 
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hematoxylin. Images were collected using a 40× objective 
connected to a light microscope (Olympus CBA, Olympus 
America).

Plasma EGCG Levels

Plasma EGCG levels were measured at the end of the first 
month of treatment. Blood samples was collected into tubes 
containing sodium heparin and plasma was removed after 
centrifugation. Plasma was then aliquoted into cryotubes 
with a solution containing 20% acid ascorbic with 0.05% 
EDTA and stored at −80°C until analysis. Plasma levels of 
EGCG were then measured at the Institute of Chemistry-IQ/
UNICAMP, using an established HPLC procedure.22

Statistical Analysis

Analysis was performed using GraphPad Prism 7 (GraphPad 
Software, Inc., San Diego, CA, USA). Wilcoxon test was 
used for comparisons of the studied parameters before and 
after 30 days. Comparison of the studied parameters before 
and after 180 days was not performed given the small n of 
patients; values are demonstrated as mean [min-max]. 
Survival of patients was analyzed by Log-rank test (Kaplan–
Meier method). A P value of <.05 was considered statisti-
cally significant.

Results

This study was carried out in 10 AML-MRC patients, 
median age 77 years (min-max: 64-87). The characteris-
tics of patients are presented in Supplemental Table S2. 

Figure 1. GT treatment effect on survival of elderly AML-MRC patients (n = 10) in red, compared with AML-MRC controls (n = 12), 
in black. The control cohort comprised patients diagnosed from December, 2008 to January, 2017 at the same Institution and 
attended by the same team. Log-rank test (Kaplan-Meier method).
Abbreviations: AML-MRC, acute myeloid leukemia with myelodysplasia-related changes; GT, green tea; NS, non-significant.

Cytogenetic risk according R-IPSS23 revealed a 60% of 
cases with intermediate risk or worse. During the study, 
hospitalization rates were low, with a median of 12 (5-58) 
days whereas the control cohort (median age 72 years 
[min-max: 61-82]) presented a median of 19 days of hos-
pitalization (data not shown). Median survival of 
GT-treated patients was 266 days, which was increased 
compared to the control cohort (164 days), though not sta-
tistically different (Figure 1).

According to the National Cancer Institute Common 
Terminology Criteria for Adverse Events (NCTCAE 4.0) 
4 patients presented grade 1 nausea during the first 2 weeks 
of GT treatment with complete resolution after the first 
month. One patient had grade 2 alkaline aminotransferase 
elevation 15 days after cytarabine initiation and was diag-
nosed with hepatic abscess; however, he was successfully 
treated with antibiotics and reinitiated GT treatment after-
wards without further complications. In addition, plasma 
levels of EGCG after 30 days of treatment with GT aver-
aged 2.03 µM (1.1 µg/ml).

Important changes in the immunological profile of 
patients could be observed as soon as 30 days after treat-
ment with GT. Improvement of the cytotoxic response was 
observed: a significant increase in the frequencies of PB 
CD8+ T and B cells in PB (Figure 2A-B), granzyme B/per-
forin+ CD8+ T cells in PB (Figure 2C), and increased fre-
quencies of granzyme B+ NK cells in both PB and BM 
(Figure 2D-E). The population of CD4+CD25+FOXP3++  
T cells or regulatory T (Treg) cells, as a percentage of total 
CD4+ T cells, was further evaluated by flow cytometry 
using the gating strategy as demonstrated in Figure 2F. Treg 
cells were reduced in both BM and PB after 30 days of 
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Figure 2. GT treatment on lymphocytes and NK cells of elderly AML-MRC patients. (A-B) Frequencies of PB CD8+ T and B cells. 
(C) Frequencies of PB granzyme B+/perforin+ CD8+ T cells. (D-E) Frequencies of BM and PB granzyme B+ NK cells. (F) Representative 
gating strategy of Treg cells (double positive CD25+/FOXP3++ population selected as the percentage of CD4+ cells) by flow 
cytometry. (G-H) Frequencies of BM and PB Treg cells. (I) Frequencies of PB CXCR4+ Treg cells. BM and PB samples of 10 AML-MRC 
patients were analyzed before and after 30 days by flow cytometry. Wilcoxon test.
Abbreviations: AML-MRC, acute myeloid leukemia with myelodysplasia-related changes; BM, bone marrow; GT, green tea; NK, natural killer; PB, 
peripheral blood; Treg, regulatory T cells.
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treatment (Figure 2G-H). CXCR4 has been described as the 
specific trafficking receptor responsible for Treg homing to 
the BM niche, a reservoir for Treg cells that traffics through 
the SDF-1α/CXCR4 signals.24 We detected a reduction of 
CXCR4+ Treg PB cells after 30 days (Figure 2I), which can 
provide a less immunosuppressive BM microenvironment. 
In addition, we observed a significant reduction in the 
mRNA expression of immunosuppressive molecules such 
as TGF-β (mean 1.04 [1.0-1.1] vs 0.43 [0.054-1.0]; P = .03) 
and IL-4 (mean 1.22 [1.0-1.6] vs 0.35 [0.013-0.69]; P = .03) 
after 30 days, and no changes were detected in IL-1β and 
TNF-α (P > .05).

Regarding the monocyte population, our results showed 
a significant increase of BM and PB monocytes after 
30 days (Figure 3A-B). By presenting antigens to T cells, 
monocytes assume an important role in both innate and 
adaptive immune response. Using flow cytometry with 
antibodies against CD14 and CD16, human blood mono-
cytes were classified into classical (CD14++CD16−) and 
intermediate/non-classical (CD14+CD16+) monocytes, as 
shown in Figure 3C. Our results show an increase of PB 
classical monocytes in 3 patients after 60 days of treatment 
(Figure 3D) with no changes after 30 days (data not shown). 
As shown in Figure 3D-E, 2 patients who presented a 
greater increase of classical monocytes also showed a 
reduction of intermediate/non-classical monocytes. 
Moreover, a significant increase of intracellular ROS levels 
was detected in PB (mean 479 [318-640] vs 1939 [784-
4025]; P = .031) and BM classical monocytes (mean 557 
[340-775] vs 2354 [1158-5734]; P = .03) after 30 days.

In order to evaluate GT antioxidant capacity, we mea-
sured ROS levels in BM CD34+ leukemia cells, using the 
DCFH-DA-based assay. As shown in Figure 4A, 30 days 
treatment resulted in a significant decrease of ROS in BM 
CD34+ cells, corroborating the assumption that GT can pro-
tect cells and tissues from oxidative damage by scavenging 
oxygen-free radicals. The ROS-rich environment has also 
been described to have inappropriate constitutive NRF2 in 
addition to HIF-1α activation, leading to increase of leuke-
mic cell survival and chemotherapy resistance.25 As shown 
in Figure 4, 30 days GT treatment induced a drastic decrease 
of NRF2 expression in CD34+ cells (Figure 4B) as well as 
in the biopsies obtained from the BM of patients (Figure 
4C). We also detected a reduction in the expression of HIF-
1α in the BM biopsies (Figure 4C).

The follow-up of patients who received GT alone or in 
combination with cytarabine are presented in Table 1. After 
180 days, the improvement of cytotoxic response can still 
be observed: GT alone or in combination with cytarabine 
increased the frequencies of total and naïve/effector CD8+ T 
cell, and granzyme B/perforin+ CD8+ T cells in both PB and 
BM. A reduction of Treg cells in the PB and BM was also 
observed after 180 days, in the presence or absence of cyta-
rabine, parallel to a decrease of CXCR4+ PB Treg cells. In 

the BM, CXCR4+ CD34+ leukemia cells were reduced in 
the presence or absence of cytarabine. As expected, further 
increases in ROS in the BM CD34+ cells were induced by 
cytarabine; importantly GT treatment was able to reduce 
ROS in these cells after 180 days, in the presence or absence 
of cytarabine. The only difference detected was in the serum 
levels of SDF-1α; GT alone was able to reduce SDF-1α 
levels though not in the presence of cytarabine (Table 1).

Discussion

In this study, GT was administered in association with low-
dose chemotherapy using cytarabine or in monotherapy for 
10 elderly AML-MRC patients, ineligible for aggressive 
chemotherapy and BM transplants, during at least 6 months 
and/or until progression. Tea polyphenols at high doses may 
trigger pro-oxidant activity and exhibit toxic effects on 
hepatocytes.9,26 However, in our study, no related toxicity 
was detected. Moreover, plasma EGCG levels detected in 
patients after 30 days of GT treatment were in accordance 
with other studies.9,12,13 In a phase 1 and phase 2 trial of 
daily oral polyphenon E capsules at a dose of 2000 mg con-
taining approximately 200 mg of EGCG, in patients with 
asymptomatic, Rai stage 0 to II chronic lymphocytic leuke-
mia, the median trough total plasma EGCG level after 
1 month of therapy was 40.4 ng/mL (ranged from 2.9 to 
3974 ng/mL) and 188.6 ng/mL (ranged from 0.001 to 
9.56 μM), respectively.12,13 In another study, the AUC of 
free EGCG was 158.4 ± 89.8 minutes μg/ml for the once 
daily 800 mg Polyphenon E treatment.9 In addition, median 
survival of GT-treated patients presents an increase 
(266 days), though not statistically when compared to the 
control cohort (164 days). This is not surprising given that 
the size our sample might not have been sufficient to enable 
the detection of differences as not only does the enrollment 
of these patients present a challenge, but a number of 
patients pass away before the end of the study.

Important modifications in the immune profile of 
AML-MRC patients receiving GT were observed as soon 
as 30 days after treatment, and were maintained over time. 
Significant increases of naïve and effector CD8+ T cells, 
and NK cells with a high cytotoxic phenotype (as mea-
sured by the expression of granzyme B and perforin) were 
observed. The activation of T and NK cells by tea poly-
phenols has been reported; GT has been described to affect 
the immune response in a murine leukemia mouse model 
by increasing levels of T cell and macrophage cell surface 
markers.27 Increased activity of CD4+ T cells and enhanced 
cytotoxicity of NK cells have also been reported in vivo.28 
Moreover, EGCG enhanced CD8+ T cell-mediated antitu-
mor immunity induced by DNA vaccination.29 These 
results lead us to presume that GT induced an activated 
and cytotoxic phenotype which could facilitate the 
response against leukemia cells. Treg cells are known to 
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Figure 3. GT treatment on monocytes of elderly AML-MRC patients. (A-B) Frequencies of BM and PB monocytes of 10 AML-MRC 
patients were analyzed before and after 30 days by flow cytometry. (C) Representative gating strategy of classical (CD14++CD16−) 
and intermediate/non-classical (CD14+CD16+) monocytes by flow cytometry. (D-E) Number of PB classical and non-classical 
monocytes from 5 AML-MRC patients analyzed before and 60 days after treatment by flow cytometry. Wilcoxon test.
Abbreviations: AML-MRC, acute myeloid leukemia with myelodysplasia-related changes; BM, bone marrow; GT, green tea; PB, peripheral blood.
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maintain immunological tolerance by actively suppressing 
immune response, and may impair antitumor responses. 
Higher levels of these cells have been reported in AML 
and in high-risk MDS,24,30 and are correlated with reduced 
remission rates,31 which corroborates our hypothesis that 
Treg reduction induced by GT is a desirable event for leu-
kemia cell burden control.

We further identified an increased number of classical 
monocytes with no changes in the intermediate/

non-classical subpopulations. Classical monocytes are 
linked to the phagocytosis process and to a high capacity of 
presenting antigen to T cells. Pronounced expansion of 
intermediate/non-classical subpopulations is related to the 
progression of acute leukemia and could indicate the sever-
ity of disease.32 Our results also showed increased intracel-
lular levels of ROS in classical monocytes from the PB and 
BM. ROS are recognized as important intracellular signal-
ing molecules involved in redox regulation within the cells 

Figure 4. GT treatment on BM cells and biopsies of elderly AML-MRC patients. (A) ROS levels in BM CD34+ cells expressed as MFI 
were analyzed by flow cytometry. (B) Representative image of NRF2 expression in BM CD34+ cells analyzed by immunofluorescence 
microscopy. Images were collected using 63× optical zoom. (C) Representative image of NRF2 and HIF-1α protein expression in 
BM biopsy specimens analyzed before by immunohistochemistry using a 40× objective. BM samples of 10 AML-MRC patients were 
analyzed before and after 30 days of treatment.
Abbreviations: AML-MRC, acute myeloid leukemia with myelodysplasia-related changes; BM, bone marrow; GT, green tea; MFI, mean fluorescence 
intensity; ROS, reactive oxygen species.
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of the immune system. Phagocytic cells are known to be 
activated under oxidative conditions. This activation is 
mediated by the NADPH oxidase system resulting in a 
marked increase in oxygen consumption and consequent 
superoxide anion production.33 Therefore GT treatment 
seems to have induced monocyte activation.

Notably, AML-MRC patients displayed reduced fre-
quencies of CXCR4+ Treg PB cells after 30 days, which 
can provide a less immunosuppressive BM microenviron-
ment. SDF-1α, also named CXCL12, attracts Treg hom-
ing to BM through CXCR4/SDF-1α signals.24 We further 
observed decreased frequencies of BM CD34+CXCR4+ 
cells which could benefit patients, since the disruption of 
SDF-1α/CXCR4 axis in AML cells may inhibit multiple 

pro-survival signals, thereby producing an anti-leukemia 
effect.34 The relationship between SDF-1α/CXCR4 axis 
and ROS has been demonstrated repeatedly.34-36 In steady-
state, SDF-1α/CXCR4 interactions maintain quiescence 
of stem cells and may limit ROS levels36; in contrast, 
ROS increases the expression of CXCR4 in cancer cells 
through HIF-1α activation.35,37 HIF-1α is a transcription 
factor for CXCR4, regulated by hypoxia and ROS.35 
CXCR4 is additionally considered a target for NRF2, 
another transcription factor regulated by ROS.38 NRF2 is 
constitutively activated in AML and its abnormal activa-
tion has a cytoprotective role enabling cell survival by 
upregulating anti-apoptotic genes.39 The ROS-rich envi-
ronment has further been described to have inappropriate 

Table 1. GT Treatment in Combination or Without Low-Dose Cytarabine in AML-MRC Patients After 180 days.

Parameters

GT (n = 2)† GT in combination with cytarabine (n = 3)§

0 180 d 0 180 d

Peripheral blood
CD8 T lymphocyte
 % CD8 T cell 15.6 [14.9-16.3] 24.5 [20-29] 19.5 [15.6-22.7] 25.5 [22.8-29.6]
 % CD8 T naïve 20.6 [18.6-22.6] 35.5 [22-49] 18.5 [16-22.8] 30.4 [29.9-31.4]
 % CD8 T effector 13.9 [12.1-15.7] 19.4 [19.1-19.7] 23 [21.3-24.3] 34.6 [23.2-42.4]
 % CD8+ granzyme B+/perforin+ 12.4 [8.8-16] 42 [35-48.9] 44.3 [21.7-69.3] 65.1 [53.3-71]
Regulatory T cell
 % Treg 1.9 [1.1-2.7] 0.2 [0.2-0.2] 3.6 [1.3-6.8] 1.0 [0.5-1.8]
 % CXCR4+ Treg 46.7 [19.5-73.8] 10.1 [5.2-15] 10.4 [3.1-21.9] 2.4 [1-4.5]
Natural killer cell
 % NK granzyme B+ cells 70 [60-80] 87 [81-93] 77.8 [63.6-89] 89.8 [83.6-97.2]
 % NK perforin+ cells 75.5 [75-76] 87.9 [84-91.7] 71.2 [68-76.3] 83 [74-92.2]
SDF-1α (µg/ml) 528.3 [282-775] 308.1 [169.7-446.4] 645.8 [439.4-797] 628.1 [514.6-716.4]
Bone marrow
CD8 T lymphocyte
 % CD8 T cell 18.5 [17-20] 25.0 [25-25] 16.5 [14.4-20.1] 26.1 [23.1-30]
 % CD8 T naïve 24.7 [12.9-36.4] 52.6 [34.3-70.9] 27.0 [23-34.1] 38.3 [34-44.8]
 % CD8 T effector 25.2 [24.2-26.1] 41.5 [38-45] 24.5 [9.8-35.8] 32.2 [18.4-45]
 % CD8+ granzyme B+/perforin+ 17.5 [9.0-26] 36.0 [31-41] 40.4 [33-53.6] 61.4 [48.9-75]
Regulatory T cell
 % Treg 1.4 [1.1-1.6] 0.2 [0.2-0.2] 6.9 [4.8-10.5] 1.1 [0.7-1.8]
Natural killer cell
 % NK granzyme B+ cells 80.0 [80-80] 84.9 [82.7-87] 79.7 [67.7-90] 87.7 [82.2-90.8]
 % NK perforin+ cells 69.0 [65-73] 82.7 [73-92.3] 64.3 [60.5-67] 83.2 [75-95.4]
CD34 cell
 % CXCR4+ CD34+ cell 24.0 [22-26] 5.0 [5-5] 26.2 [13.3-37.3] 13.8 [5.9-20.2]
 MFI ROS in CD34+ cell 31 402 [28 886-33 919] 346.5 [227-466] 89 870 [57 702-123 975] 71 221 [30 037-142 000]

Data are given as mean [min-max]. Bone marrow and peripheral blood samples of AML-MRC patients receiving green tea in combination (n = 3) or 
without (n = 2) low-dose cytarabine were analyzed before and after 180 days of treatment by flow cytometry. Serum levels of SDF-1α were detected 
using Bio Plex instrument.
CD8 T cell (CD3+CD8+), CD8 T naïve (CD8+CD45RA++CD27+), CD8 T effector (CD8+CD45RA++CD27−), Treg (CD4+CD25+FOXP3++), CXCR4+ 
Treg (CD4+CD25+CXCR4+), NK granzyme B+ cells (CD16+CD56+granzyme B+), NK perforin+ cells (CD16+CD56+perforin+).
Abbreviations: AML-MRC, acute myeloid leukemia with myelodysplasia-related changes; MFI, mean fluorescence intensity.
†Two patients did not receive low-dose cytarabine during this study and were treated with green tea alone.
§Low-dose cytarabine was introduced in 5 out of 10 studied patients, of which, 3 started cytarabine at day 60 and 1 started at day 150; 1 patient passed 
away before completing treatment and 1 patient lacked in measurements.
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constitutive NRF2 in addition to HIF-1α activation, lead-
ing to increased cell survival and chemotherapy resis-
tance.25 Interestingly, our results showed that GT 
treatment decreased intracellular levels of ROS in BM 
CD34+ cells, as well as reduced NRF2 expression in 
CD34+ cells. Notably, reduced expression of NRF2 and 
HIF-1α were visualized in the BM biopsies after 30 days. 
One possible explanation would be that GT impaired 
ROS production in CD34+ cells and, consequently, inhib-
ited HIF-1α and NRF2 ultimately causing a reduction in 
CXCR4 expression. These results are corroborated by 
studies in which GT causes inhibition of HIF-1α activa-
tion in cancer cells.19,40,41

The precise mechanism underlying ROS overproduction 
in leukemic cell remains unknown. Constitutive activation 
of NADPH oxidase system, reduced antioxidant defense,42 
elevated leukocyte mitochondrial DNA content43 are possi-
ble mechanisms involved in ROS overproduction. ROS is 
an important inducer of a key cytokine accounting for the 
differentiation, proliferation and functions of Treg and NK 
cells.43 Abundant ROS production leads to an increase of 
peripheral Treg cell, an important suppressor of antitumor 
immunity, possibly through induction of TGF-β1.43-45 Our 
findings demonstrate a significant reduction in the mRNA 
expression of immunosuppressive molecules such as TGF-
β and IL-4 with no effects on IL-1β and TNF-α, in parallel 
to decreased Treg cells observed during GT treatment which 
corroborates this hypothesis.

The fate of cells depends on the levels of ROS in the 
redox microenvironment. Endogenous ROS levels are 
elevated in tumor cells46 and there is increasing evidence 
that oxidative stress is crucial for leukemia develop-
ment.47 Indeed, a change in the intracellular redox status, 
caused by ROS, may promote proliferation, genetic and 
epigenetic instability, immune evasion and survival of 
leukemic cells.42 ROS are also essential for the innate and 
adaptive immune response. ROS are a double-edged 
swords in the treatment of tumors since high levels of 
ROS may induce tumor cell death but can also induce 
tumor growing signals. Moreover, AML-MRC is a com-
plex and diverse disease with distinct levels of ROS. The 
results presented herein showed decreased ROS levels in 
CD34+ cells confirming the antioxidant capacity of GT, 
which may be related to the positive modulation of the 
immune system found in studied patients.

Importantly, GT immune effects were maintained over 
time despite the presence of cytarabine. The only detected 
difference was the serum levels of SDF-1α; GT alone was 
able to reduce SDF-1α levels but not in the presence of 
cytarabine. Although GT did not affect SDF-1α levels in 
the presence of cytarabine, it appears to induce a decrease in 
Treg immunosuppressive cells, in addition to reducing 
CXCR4 expression in Treg cells, which could reverse the 
suppressor profile of BM microenvironment.

Conclusions

Taken together, these results lead us to presume that GT 
could induce an activated and cytotoxic phenotype of the 
immune system which could facilitate the response against 
leukemia cells. This hypothesis is based on the knowledge 
that the collaboration of innate and adaptive immune 
responses is very important in tumor immunology and 
immunosuppressive pathways cooperate to cause a state of 
immune tolerance. Therefore, the rapid dissemination of 
AML negatively impacts anti-leukemia immunity. There is 
evidence that tea polyphenols stimulate immune cells with 
increased T cell functions including activation, proliferation 
and production of cytokines.28,29,48 This information is 
scarce in AML patients. A study conducted in chronic lym-
phocytic leukemia patients revealed that 8 out 10 patients 
studied (80%) showed a reduction of lymphocytosis and 
absolute number of circulating Treg cells, and IL-10 and 
TGF-β serum levels declined throughout the GT intake 
period27; our results for cytokines evaluation are in agree-
ment with these findings. Thus, we presume that the immu-
nomodulatory effect of GT herein described could be valid 
for other haematological malignancies. In summary, this 
pilot study highlights that GT is safe and could improve the 
immune system of elderly AML-MRC patients.
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