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A B S T R A C T   

Hematological cancers include leukemia, myeloma and lymphoma and up to 178.000 new cases are diagnosed 
with these tumors each year. Different kinds of treatment including radiotherapy, chemotherapy, immuno
therapy and stem cell transplantation have been employed in the therapy of hematological cancers. However, 
they are still causing death among patients. On the other hand, curcumin as an anti-cancer agent for the sup
pression of human cancers has been introduced. The treatment of hematological cancers using curcumin has been 
followed. Curcumin diminishes viability and survival rate of leukemia, myeloma and lymphoma cells. Curcumin 
stimulates apoptosis and G2/M arrest to impair progression of tumor. Curcumin decreases levels of matrix 
metalloproteinases in suppressing cancer metastasis. A number of downstream targets including VEGF, Akt and 
STAT3 undergo suppression by curcumin in suppressing progression of hematological cancers. Curcumin stim
ulates DNA damage and reduces resistance of cancer cells to irradiation. Furthermore, curcumin causes drug 
sensitivity of hematological tumors, especially myeloma. For targeted delivery of curcumin and improving its 
pharmacokinetic and anti-cancer features, nanostructures containing curcumin and other anti-cancer agents have 
been developed.   

1. Introduction 

Annually, a high number of people with hematological malignancies 
are diagnosed and based on estimates, this number is close to 178 000 
new cases for lymphoma, leukemia and multiple myeloma (MM).1 

Compared to other kinds of cancers, the patients survived from hema
tological malignancies have been higher, showing improvement in this 
case. In respect to progresses in field of biology that has revealed more 
factors involved in progression of hematological malignancies, the 
treatment approaches for these cancers are altering.1 The acute myeloid 
leukemia (AML) is one of the most common hematological malignancies 

around the world that in recent years, we have witnessed a remarkable 
advance in the treatment of patients with AML and providing better 
prognosis because of understanding biology and pathophysiology of this 
disease.2–6 In the late 1970s, a gold standard regimen including 3 days of 
daunorubicin and 7 days of cytarabine was used for therapy of AML and 
this regimen provided 5-year survival of 30–35 % for young people and 
10–15 % for elder patients.6 AML is considered as a clonal disease in 
which immature myeloid cells in the bone marrow undergo rapid pro
liferation and their differentiation status is not completed.7 Although 
intensive chemotherapy has been utilized for AML treatment, the relapse 
of disease commonly occurs that results in death in many patients. There 
is no treatment for patients undergoing relapse; however, allogeneic 
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stem cell transplant (allo-SCT) may be used and in some patients, it has 
demonstrated promising results. As it was mentioned, the prognosis of 
AML is elder patients is undesirable that is maybe due to poor risk cy
togenetics and abnormal changes at molecular level as well as presence 
of concurrent comorbidities.5 

Another kind of hematological malignancies is lymphoma that is 
categorized into two distinct classes including HL and NHL based on 
pathological profile. It has been reported that lymphoma accounts for 
3.2 % of all new cases of tumor around the world and most of the cases of 
NHL (87.5 %) rather than HL (12.5 %).8,9 The chemotherapy is also used 
for treatment of lymphoma and it is different in HL and NHL. The 
anti-cancer agents including doxorubicin, bleomycin, vinblastine and 
dacarbazine are extensively applied in treatment of HL, while vincris
tine, cyclophosphamide and prednisone are employed for treatment of 
NHL. The high-dose chemotherapy and stem cell transplantation are also 
options for lymphoma therapy. In spite of use of aforementioned ther
apies for lymphoma patients, the mortality rate of this malignant disease 
has been stable around the world.10,11 

The abnormal growth of neoplastic plasma cells is considered as the 
factor responsible for development of MM.12,13 Based on the estimates, 
MM is the second most common blood cancer and its incidence rate is 
different based on the region. For instance, up to 140 000 new cases are 
annually diagnosed worldwide that 1876 cases are related to 
Australia.14 In spite of significant effort in developing novel therapeutic 
strategies for MM, its 10-year survival rate is still as low as 17 %.15 The 
malignant transformation of plasma cells for development of MM ema
nates from genetic and epigenetic alterations. Then, abnormal prolifer
ation of cells in bone marrow occurs and high amount of non-functional 
monoclonal antibody releases into bloodstream.16,17 The hyper
calcaemia, renal dysfunction and osteolytic bone lesions are a number of 
clinical manifestations of MM. Recently, proteasome inhibitors and 
immmunomodlatory drugs have been employed for treatment of MM to 
improve prognosis of patients.18 However, MM treatment is still a 
challenge for physicians. 

In recent years, the main focus of the papers has been on the solid 
tumors. However, hematological tumors are considered as main reasons 
of death among patients. There is a need for an updated review to 
investigate the curcumin-mediated suppression of hematological can
cers that is purpose of current review. Here, it is discussed that curcumin 
intereferes hematological cancer progression based on regulation of 
biological events and molecular pathways. The main mechanisms 
including apoptosis, cell cycle arrest, autophagy and drug efflux trans
porters, among others are evaluated. Moreover, the regulation of mo
lecular pathways including MEK/ERK, STAT3 and Akt, among others by 
curcumin is shown. The major hallmarks of hematological tumors 
including proliferation, metastasis and angiogenesis can be suppressed 
by curcumin. To this end, we first summarize function of curcumin in 
tumor therapy and then, the function of curcumin in suppressing 

different types of hematological tumors is evaluated. 

2. Review methodology 

The search in literature and finding suitable papers for the current 
review were performed based on the databases including Pubmed, Sci
encedirect and Googlescholar. The following keywords were used to 
search literature and collect relevant references including “curcumin”, 
“cancer”, “lymphoma”, “myeloma”, “leukemia”, “cancer therapy” and 
“natural products in cancer therapy”. 

3. Curcumin and cancer therapy 

Curcumin is a crystalline compound with yellow color and molecular 
weight of 368.7. The solubility of curcumin is various based on the 
alkaline or acidic states; it has been shown that curcumin is in enol form 
in alkaline state with red color, while it occurs as insoluble keto form in 
acidic or neutral state.19 The studies demonstrate partial solubility or 
insolubility of curcumin in water, while it is soluble in alcohol. THe 
presence of curcuminoid phytochemicals that curcumin is among them 
cause the yellow color of curcumin20. Curcumin has a long history of 
being used in the life and people living in south Asia and India have 
employed it as a flavoring agent for their food. The popularity of 
turmeric is due to its health-promoting impacts.21 The popularity of 
turmeric has shown an increase in recent years and one of the reasons for 
its popularity is presence of diferuloylmethane or curcumin. There are 
several health-promoting impacts for curcumin such as lowering fat 
levels, slowing sclerosis progression, depression treatment, preventing 
neurological disorder progression and detoxifying liver.22 Curcumin’s 
health promoting activities can be summarized as anti-oxidant, anti-
inflammatory, anti-cancer and anti-angiogenesis, among others.23–28 

Curcumin shows both chemoprotection and chemo-sensitive activ
ities, and furthermore it is capable of causing radiosensitivity.29–31 

Curcumin augments chemotherapy through ROS generation and 
apoptosis induction.32 Curcumin-mediated p53 upregulation also causes 
apoptosis.33 Curcumin interferes with proliferation and metastasis of 
colorectal cancer and diminishes tumor burden.34 The curcumin analog 
known PAC has capacity of triggering apoptosis in oral tumor cells and 
decreasing viability via Wnt and NF-κB inhibition, among others. 
Furthermore, PAC stimulates autophagy and reduces ROS generation in 
decreasing oral cancer cell survival.35 Co-application of curcumin and 
ginsenoside 20(S)-Rg3 suppresses breast tumor growth and elevates 
radio-sensitivity.36 Furthermore, curcumin and carnosic acid impaired 
proper function of mitochondria, and induces defects in oxidative 
phosphorylation mechanism in mitochondria.37 Curcumin has capacity 
of regulating Wnt and STAT3 molecular pathways in exerting its 
anti-cancer activity.38 In an experiment, nano-assemblies for delivery of 
curcumin and tannic acid were used and by increasing tumor uptake, a 
significant increase occurred in anti-proliferative activity of these 
valuable compounds in suppressing breast tumor progression.39 The 
liposomal nanocarriers are capable of co-delivery of curcumin and 
ruthenium (II) to facilitate ROS levels, and to suppress survival of cer
vical tumor.40 In respect to overexpression folate receptor on cervical 
tumor cells, folate-targeted nanocarriers of curcumin can reduce cancer 
viability.41 

4. Curcumin and leukemia 

4.1. Curcumin and regulation of molecular pathways 

Table 1 displays curcumin use in leukemia treatment. The activation 
of Akt signaling increases progression of AML. Curcumin has capacity of 
inactivating Akt signaling in AML. Curcumin stimulates death in AML 
and these anti-cancer activities of curcumin were abrogated using SC-79 
as an Akt activator, while they were boosted using afuresertib as Akt 
inhibitor. The AML xenograft mouse model highlighted the function of 

Abbreviations 

MMm Multiple myeloma 
AML Acute myeloid leukemia 
allo-SCT Allogeneic stem cell transplant 
HL Hodgkin’s lymphoma 
NHL Non-Hodgkin’s lymphoma 
ROS Reactive oxygen species 
HSP90 Heat shock protein 90 
mRNA Messenger RNA 
lncRNAs Long non-coding RNAs 
HHT Homoharringtonine 
SLNs Solid lipid nanoparticles 
P-gp P-glycoprotein  
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curcumin in improving survival rate of animal models and suppressing 
tumor growth.42 One of the challenges of leukemia treatment of 
dormancy that provides sufficient time for tumor cells to proliferate and 
ensure their colonization. In a recent experiment, a derivative of cur
cumin known as C212 was used to suppress leukemia progression. 
Compared to curcumin, C212 demonstrates more capacity in triggering 
cell death and G2/M arrest, and suppressing growth rate. Furthermore, 
quiescent leukemia cells are resistance to conventional therapies and 
C212 has capacity of removing these tumor cells. Besides, curcumin is 
able to reduce levels of HSP90 in mediating protein degradation and 
aggregation, and suppressing progression rate of leukemia cells.43 

BCAT1 and mTOR are related to apoptosis in leukemia. 
Curcumin-mediated inhibition of BCAT1 and mTOR triggers apoptosis 
in leukemia cells.44 Although most of the studies have focused on 
apoptosis as a kind of cell death regulated by curcumin in affecting 
leukemia progression, autophagy is also associated with cell death. It 
has been shown that curcumin and tetrahydrocurcumin have capacity of 
inducing both autophagy and apoptosis in reducing progression of leu
kemia cells and decreasing their survival rate.45 Autophagy may also 
exert pro-survival role in tumor cells and its regulation by curcumin in 
leukemia treatment requires more investigation. 

Upregulation of STAT3 causes leukemia progression. AML secrete 
extracellular vesicles enriched with miRNA-1246 that induces STAT3 in 
promoting survival of leukemia stem cells.46 LINC00265 sponges 

miRNA-4500 to mediate STAT3 in proliferation and metastasis of leu
kemia cells.47 STAT3 upregulates MYC to facilitate viability of leukemia 
stem cells.48 Based on these examples, STAT3 signaling activation causes 
tumorigenesis. Curcumin and thalidomide decreases expression level of 
STAT3 and Bcl-xL to stimulate death.49 C1206 as a derivative of cur
cumin can reduce HSP90 level and suppress Akt, MEK, ERK and C-RAF. 
This new derivative of curcumin (C1206) elevates 
mitochondrial-mediated apoptosis in leukemia.50 The major molecular 
pathways that here have been discussed by studies is limited to mTOR, 
Akt, STAT3, miRNAs and lncRNAs. However, there are other molecular 
targets participating in progression of leukemia that can be targeted by 
curcumin. A pathway that impairs Akt axis is PTEN and further studies 
should evaluate if curcumin is able to increase PTEN expression in Akt 
suppression. Moreover, STAT3 has close interaction with EMT in cancer 
metastasis and curcumin-mediated regulation of STAT3/EMT axis in 
affecting metastasis of leukemia still needs investigation. The studies 
have been limited to the regulation of growth and invasion of leukemia 
cells by curcumin upon modulation of molecular targets, but response to 
therapy should be also highlighted. 

4.2. Curcumin in combination cancer therapy 

Based on the discussions, curcumin has high capacity in suppressing 
progression of leukemia cells. However, there is also a potential way to 

Table 1 
The capacity of curcumin in leukemia treatment.  

In vitro/ 
In vivo 

Cell line/Animal model Study 
design 

Molecular 
taregts 

Biological 
mechanism 

Remarks Refs 

In vitro SHI-1 cells 6.25, 12.5 
and 25 μM 

MMP-2 
MMP-9  

Apoptosis induction 
Suppressing metastasis of tumor cells 
Down-regulation of MMP-2 and MMP-9 

76 
Apoptosis 
Metastasis 

In vitro 
In vivo 

HL60 cells 5, 10, 25, 
and 50 μM 

NF-κB Apoptosis Apoptosis induction 77 
Xenograft model Inhibiting NF-κB signaling pathway 

In vitro 
In vivo 

K562, MV4-11, HL-60, ML- 
1, Kasumi-1 and THP-1 
cells 

3 and 10 μM DNMT1, p65 and 
Sp1 

Apoptosis and cell 
progression 

Decreased expression levels of DNMT1, p65 and Sp1 
Apoptosis stimulation 
Cell cycle arrest 

78 

Mice 
In vitro 

In vivo 
K562 and LAMA84 cells 
CML mouse xenograft 

5, 10, 20 
and 40 μM 

miR-196b – miRNA-196b upregulation by curcumin in reducing expression 
level of Bcr-Abl 
Reduced tumor size in vivo 

79 

In vitro 
In vivo 

SUP-B15 cells 
Mouse model 

5, 10, 15 
and 20 μM 

Akt/mTOR and 
ABL/STAT5 

Apoptosis and 
proliferation 

Apoptosis induction 
Inhibition of Akt/mTOR and ABL/STAT5 signaling pathways 
Proliferation inhibition 

80 

In vitro SKM-1 and KG1a cells 0–80 μM Caspase-3 
PARP 

Apoptosis Apoptosis induction 
Upregulation of caspase-3 and mediating cleavage of PARP 
Survivin protein down-regulation 

81 

In vitro HL60, Kasumi, NB4, and 
KG1 cells 

0–40 μM FoxM1 
VEGF 
MMP-2 
MMP-9 

Apoptosis FoxM1 down-regulation by curcumin and subsequent decrease in 
expression levels of cyclin B1, CDK2, Cdc25B, Bcl-2, survivin, 
VEGF, MMP-2 and MMP-9 
Decreasing survival rate of tumor cells 
Apoptosis induction 

82 

In vitro WEHI-3 cells 0–20 μM – Apoptosis 
ROS production 
DNA damage 

Triggering apoptosis in tumor cells via mitochondrial and 
endoplasmic reticulum pathways 
ROS overgeneration 
DNA damage induction 

83 

In vitro K562 cells 0–30 μM Caspase-3 and -9 Cell cycle arrest 
Cell death 

Cell cycle arrest at G2/M phase 
Cell death induction via overexpression of caspase-3 and -9 

84 

In vitro HL60, K562, MOLT4 and 
KG1 cells 

0–50 μM DR4 and DR5 – Enhancing expression level of DR4 and DR5 
Down-regulation of Mcl-1, Bcl-xL and XIAP 
Increasing sensitivity of tumor cells to TRAIL inhibitors 

85 

In vitro KG-1 and U937 cells 0–100 μM VEGF Apoptosis Apoptosis induction 
Decreased proliferation of tumor cells 
Reduction in expression level of VEGF 

86 

In vitro KG-1a, KG-1, and EoL-1 
cells 

0–50 μg/mL – Proliferation Suppressing proliferation rate of tumor cells 87 

In vitro SUP-B15 cells 10 μM RAF/MEK/ERK Autophagy Induction of RAF/MEK/ERK pathway to stimulate autophagy and 
suppress progression of tumor cells 

88 

In vitro 697, REH, SupB15, and 
RS4; 11 cells 

0–40 μM Bax/Bcl-2 
Caspase-8 

Apoptosis Increased Bax/Bcl-2 ratio 
Loss of mitochondrial membrane potential and subsequent release 
of cytochrome C 
Caspase-8 activation and truncation of BID 

89  
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accelerate tumor-suppressing activity of curcumin and that is use of 
combination therapy. Quercetin is another plant derived-natural com
pound that causes apoptosis in leukemia and diminishes their migration 
and invasion.51,52 Both curcumin or quercetin alone are able to stimu
late apoptosis; noteworthy, co-application of curcumin and quercetin 
stimulates more apoptosis in tumor cells compared to curcumin or 
quercetin alone, and these anti-cancer agents suppress NF-κB signaling, 
while they upregulate expression level of p53.53 Curcumin and quer
cetin enhance levels of ROS, while it decreases GSH levels to mediate 
loss of MMP. Curcumin and quercetin induce cytochrome C release from 
mitochondria and they mediate cleavage of PARP and caspase-9. 
Therefore, quercetin and curcumin are able to stimulate apoptosis in 
leukemia through ROS overgeneration.54 Another experiment demon
strates that a combination of curcumin, quercetin and cannabidiol 
causes loss of MMP in leukemia therapy.55 Another potent anti-tumor 
agent derived from nature is piperine that can trigger apoptosis in leu
kemia cells via caspase-3 and -9 increase, and Bcl-2 decrease.56,57 The 
drug resistance commonly occurs in leukemia cells that prevents cyto
toxicity of chemotherapeutic agents.58,59 Both curcumin and piperine 
suppress proliferation of leukemia cells and their IC50 value has reported 
to be 30 μM and 25 μM, respectively. These anti-cancer agents have 
capacity of inducing apoptosis in leukemia cells via mitochondrial 
pathway. Besides, curcumin and piperine induce autophagy and mediate 
S arrest.60 The current section clearly demonstrated that curcumin and 
its combination with other therapies can suppress leukemia progression. 
However, a gap is lack of emphasis on the combination of curcumin with 
chemotherapy drugs, since experiments are mainly about combination 
of curcumin with other phytochemicals. 

4.3. Curcumin, drug resistance and stemness 

The lncRNA HOTAIR causes Adriamycin insensitivity of leukemia. 
Curcumin administration decreases expression level of lncRNA HOTAIR 
to enhance miRNA-20a-5p levels, downregulating WT1 and subsequent 
apoptosis induction in leukemia cells. Furthermore, curcumin sup
presses invasion of leukemia.61 Curcumin has capacity of affecting 
cancer stem cell markers in leukemia. Curcumin administration sup
presses colony formation in leukemia cells and decreases expression 
levels of Gli-1, Notch-1 and Cyclin D1 to impair stem cell markers.50 The 
first limitation is the focus only Adriamycin, but there are also other 
chemotherapy drugs such as cisplatin, paclitaxel and docetaxel that 
function of curcumin in increasing drug response of leukemia to these 
compound should be evaluated. Moreover, there are other stem cells 
markers such as ALDH and CDs that their regulation by curcumin in 
leukemia should be evaluated. 

4.4. Curcumin and pyroptosis 

A lytic cell death mechanism that is dependent on the function of 
caspase-1/-4/-5/-11 is known as pyroptosis and its activation occurs as a 
response to inflammasomes.62,63 Inflammasomes are considered as 
complexes that have been comprised of PRR, ASC and effector caspases. 
The stimulation of caspases is performed by inflammasomes and they 
participate in cleaving and activating the certain members of 
pore-forming gasdermins. The cleavage of gasdermin participates in 
plasma membrane pore formation and this causes dysfunction of 
membrane. Then, cytosolic protein release occurs to mediate cell death. 
The downregulation of pyroptoic inflammasomes and gasdermins is 
observed in human cancers.64,65 The stimulation of pyroptosis by drugs 
can accelerate inflammatory cell death and it impairs growth and 
metastasis of tumor cells.66,67 Curcumin has potential of pyroptosis in
duction in leukemia. The upregulation of AIM2, IFI16 and NLRC4 
inflammasomes is mediated by curcumin that is dependent on elevation 
in expression level of ISG3. Then, stimulation of caspase 1 occurs to 
enhance cleavage of GSDMD and mediate pyroptosis.68 The regulation 
of pyroptosis by curcumin has been only mentioned, while there are 

other types of cell death pathways especially ferroptosis and necroptosis 
that their modulation by curcumin in leukemia therapy should be 
mentioned. 

4.5. Curcumin, poor bioavailability and application of nanoparticles 

The poor bioavailability is a significant problem of curcumin and 
application of nanoparticles can increase potential of curcumin in sup
pressing leukemia progression. For this purpose, chitosan nanogels have 
been prepared using 1 % acetic acid and then, cross-linked with EDC and 
NHS. The curcumin-loaded nanogels demonstrated particle size of 150 
nm and they were beneficial in reducing IC50 value of curcumin; so that, 
curcumin alone has IC50 of 50 μg/ml, while curcumin-loaded nanogels 
showed IC50 of 25 μg/ml that is half of curcumin alone. The viability 
assay revealed that curcumin-mediated apoptosis in leukemia cells oc
curs by concentration of 25 μg/ml, while curcumin-loaded nanogels 
stimulate apoptosis at concentration of 12.5 μg/ml. Therefore, applica
tion of chitosan-based nanogels is advantageous in reducing IC50 of 
curcumin69. CD123 shows overexpression on leukemia and 
anti-CD123-functionalized nanoparticles can increase selectivity to
wards tumor cells. In this case, PLGA/poloxamer nanostructures were 
prepared for curcumin delivery and they were modified with 
anti-CD123. Compared to curcumin alone, drug-loaded nanoparticles 
demonstrated higher cytotoxicity and induced more apoptosis in leu
kemia cells (KG-1a cells).70 Another cell surface marker of leukemia is 
CD44 with overexpression, while its expression is at low level in normal 
cells. The most well-known factor targeting CD44 is hyaluronic acid that 
there have been much efforts in modification of nanoparticles with this 
agent.71 The hyaluronic acid-modified liposomal delivery of curcumin 
causes leukemia suppression. This surface modification significantly 
enhances tumor uptake and suppresses growth rate of tumor cells. 
Furthermore, hyaluronic acid-modified curcumin-loaded liposomes 
suppressed Akt/ERK axis to induce apoptosis in leukemia cells.72 The 
curcumin-embedded micelles demonstrated particle size of 50 with high 
encapsulation efficiency (75 %). They prudentially accumulated in 
leukemia cells and suppressed progression of tumor cells.73 Therefore, 
curcumin delivery by nanoparticles can significantly enhance ability in 
cancer therapy (Fig. 1).74,75 There are two important limitations with 
the current studies. The first limitation is related to lack of focus on the 
role of carbon and metal nanoparticles for the delivery of curcumin in 
leukemia therapy. The second limitation is lack of focus on the multi
functional nanoparticles such as pH-, redox- and light-sensitive carriers 
for specific curcumin delivery. However, the current studies clearly 
highlight the fact that nanocarriers can potentially improve efficacy of 
curcumin in leukemia suppression. Table 1 provides a summary of ex
periments using curcumin in treatment of leukemia. 

5. Curcumin and lymphoma 

5.1. Curcumin and non-coding RNAs 

The miRNAs are carcinogenic regulators. miRNA function is to bind 
to mRNA for gene expression reduction. The abnormal profile of miR
NAs leads to cancer initiation and development.90,91 miRNA-21 is a new 
emerging miRNA in lymphoma and it exerts tumor-promoting function. 
STAT5 promotes miRNA-21 levels and it causes unfavorable prognosis 
in lymphoma.92–94 Curcumin has ability of targeting miRNA-21 in 
impairing progression of lymphoma. Curcumin administration acceler
ates apoptosis and disrupts the growth and metastasis. Curcumin sup
presses miRNA-21 to elevate VHL levels in exerting its tumor-suppressor 
activity.95 Curcumin suppresses progression and survival of lymphoma 
cells.96 miRNA-28–5p is another factor involved in regulating progres
sion of lymphoma. miRNA-28–5p has poor expression in lymphoma and 
its upregulation suppresses tumor progression via YWHAZ down-
regulation.97 Furthermore, miRNA-28–5p stimulates and its level un
dergoes down-regulation by CDK12/MYC to elevate tumorigenesis.98 
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Curcumin suppresses lymphoma cell viability and this anti-cancer 
impact reduces by miRNA-28–5p down-regulation. Curcumin pro
motes miRNA-28–5p expression to induce apoptosis via caspase-3 
upregulation. By increasing miRNA-28–5p expression, curcumin re
duces BECN1 expression and enhances p62 expression.96 

Curcumin-mediated lncRNA regulation has been also reported. Briefly, 
lncRNAs are similar to miRNAs in terms of inability in encoding proteins 
and both of them have regulatory functions in cells. However, lncRNAs 
can be present in the cytoplasm and nucleus.99,100 LncRNA H19 en
hances proliferation rate of lymphoma cells via Akt signaling activation 
and its polymorphism is associated with cancer susceptibility.101,102 

Regarding to curcumin ability in lncRNAs modulation in cancer ther
apy,103,104 this interaction can be evaluated in lymphoma therapy. This 
section highlighted the regulation of ncRNAs by curcumin in lymphoma 
therapy. However, the major focus is on the miRNAs. Moreover, there is 
no report on lncRNAs and circRNAs control by curcumin in lymphoma. 
However, the studies highlight the role of lncRNAs105 and circRNAs106 

in modulation of tumorigenesis in lymphoma and since curcumin is an 
epigenetic drug, further studies in this case is required. 

5.2. Curcumin, STAT3 and NF-κB 

One of the signaling networks involved in progression of lymphoma 
cells is STAT3 pathway that has an oncogenic function and it prevents 
apoptosis, autophagy and ferroptosis in lymphoma.107 The 

overexpression of STAT3 prevents apoptosis in lymphoma cells108 and 
its inhibition promotes drug sensitivity.109 Plus to STAT3, NF-κB also 
plays an oncogenic function in lymphoma. NF-κB stimulates STAT3 to 
suppress ferroptosis in lymphoma.110 Simultaneous reduction of both 
NF-κB and STAT3 can pave the way for suppressing progression of 
lymphoma cells.111 Notably, curcumin has demonstrated capacity in 
regulating both NF-κB and STAT3 in lymphoma treatment. Curcumin 
downregulates STAT3, Bcl-2 and surviving and it impairs NF-κB in 
lymphoma therapy.112 Hyperactivation of NF-κB and STAT3 occurs in 
lymphoma to ensure their survival and progression. Curcumin triggers 
apoptosis in lymphoma cells. Curcumin reduces levels of c-Myc, survi
vin, XIAP, c-IAP1, Bcl-2 and Bcl-xL via suppressing NF-κB and STAT3, 
causing apoptosis and decreased proliferation of lymphoma cells.113 The 
in vivo experiment on lymphoma-bearing mice has shown that curcumin 
suppresses NF-κB signaling in preventing tumor growth.114 Based on 
these studies, curcumin has capacity of regulating two important 
oncogenic networks in lymphoma progression including STAT3 and 
NF-κB. According to the literature, STAT3115 and NF-κB116 are critical 
regulators of tumorigenesis in lymphoma and ideal targets. However, 
the first note is that they are not the only regulators of lymphoma pro
gression and there are also other molecular targets including PTEN and 
PI3K/Akt. Furthermore, since STAT3 and NF-κB have interaction, the 
regulation of their interaction by curcumin in lymphoma therapy re
quires investigation. 

Fig. 1. Curcumin administration in treatment of leukemia. The apoptosis regulation by curcumin reduces tumorigenesis. Increase in cytochrome c release, upre
gulation of caspases and cleavage of PARP by curcumin can induce apoptosis. The curcumin derivatives have also shown potential in regulation of apoptosis and 
autophagy in cancer therapy. Curcumin can be employed with quercetin, canabidiol, piperine and thalidomide in treatment of leukemia. Moreover, polymeric 
nanoparticles and chitosan nanostructures have delivered curcumin in leukemia therapy. 
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5.3. Curcumin and combination cancer therapy 

In order to increase capacity of curcumin in lymphoma treatment, its 
combination with other drugs has been performed. Omacetaxine causes 
apoptosis and cycle arrest in lymphoma therapy. Furthermore, omace
taxine diminishes telomerase activity and enhances cell differentiation 
in lymphoma in impairing tumor progression.117 Curcumin and oma
cetaxine suppress growth and metastasis of lymphoma and preventing 
angiogenesis.118 Due to carcinogenic function of Akt, its suppression 
disrupts the hallmarks of lymphoma.119,120 A combination of curcumin 
and omacetaxine reduces VEGF levels to downregulate Akt. Further
more, curcumin and omacetaxine decrease levels of MMP-2 and MMP-9 
in reducing tumorigenesis.118 Another experiment has focused on 
co-administration of curcumin and homoharringtonine (HHT) in treat
ment of lymphoma. Curcumin and HHT suppress progression of lym
phoma and cause apoptosis in Raji cells via upregulation of Bax, 
caspase-3 and caspase-9. The tumor-suppressor function of curcumin 
and HHT in lymphoma is attributed to inhibition of TGF-β/Smad3 
axis.121 The current evidences are advocators of using curcumin in 
combination with other agents in lymphoma therapy. However, the 
limitation is that there are a variety of synthetic and natural compounds 
capable of combination lymphoma therapy that still requires investi
gation. For instance, combination of curcumin with quercetin, resvera
trol and kaempferol, among others, requires more investigation. 

5.4. Curcumin, apoptosis and stemness 

In addition to in vitro experiments, in vivo studies have also 
confirmed function of curcumin in suppressing lymphoma progression. 
Curcumin suppresses progression of Raji cells based on time and dose. 
Curcumin stimulates apoptosis in lymphoma via upregulation of Bax, 
Bid and cytochrome C, and decreases level of c-Myc. Furthermore, 
curcumin stimulates cleavage of PARP in causing cell death in lym
phoma. Therefore, curcumin stimulates apoptosis via mitochondrial 
pathway in lymphoma cells. Curcumin administration is beneficial in 
decreasing tumor burden.118 Furthermore, curcumin-mediates stemness 
suppression is based on downregulation of Gli-1, Notch-1 and cyclin 
D1.50 Taking everything together, curcumin can disrupt lymphoma 
progression and it can suppress proliferation and invasion. Besides, 
curcumin is beneficial in reducing stemness. However, 
curcumin-mediated reversal of chemoresistance in lymphoma requires 
attention. There is a significant gap in the current studies related to 
curcumin-mediated regulation of cell death pathways. The fact is that 
apoptosis is not the only mechanism in lymphoma. Based on the liter
ature, autophagy,122 necroptosis123 and ferroptosis124 are other mech
anisms dysregulated in lymphoma and curcumin impact on them needs 
further investigation. 

5.5. Curcumin and nano-scale delivery systems 

For improving capacity of curcumin in lymphoma suppression, 
different kinds of nanostructures have been developed. mPEG-b-P (Glu- 
co-Phe polymeric nanoparticles were developed to provide a platform 
for co-delivery of curcumin and doxorubicin.125 Doxorubicin is a 
chemotherapeutic agent and due to development of resistance, its de
livery by nanostructures is performed. Furthermore, anti-cancer agents 
such as curcumin are used for promoting potential of doxorubicin in 
cancer therapy and reversing chemoresistance.126,127 Polymeric nano
structures significantly enhanced internalization of curcumin and 
doxorubicin in lymphoma cells, and doxorubicin was localized in nu
cleus. This combination exerted a synergistic impact and stimulated 
apoptosis in lymphoma cells more than curcumin or doxorubicin alone. 
Doxorubicin- and curcumin-loaded polymeric nanoparticles reduced 
expression level of miRNAs including miRNA-21, -199a and promoted 
expression levels of miRNA-98 and -200c in impairing lymphoma pro
gression. In vivo experiment on mice demonstrated potential of 

doxorubicin- and curcumin-loaded polymeric nanoparticles in sup
pressing tumor growth and improving survival time of animal 
models.125 One of the limitations related to polymeric nanoparticles is 
their long-term biocompatibility. In fact, polymers can be degraded to 
monomers in body and more studies should be performed in under
standing toxicity of polymeric nanoparticles in body. In order to solve 
problem related to toxicity and safety concerns, lipid-based nano
particles have been developed for co-delivery of curcumin and imatinib 
in lymphoma that demonstrate long-term biocompatibility, even in 
clinical trials. CD20 receptor undergoes overexpression on lymphoma 
cells and in order to increase selectivity of nanocarriers towards cancer 
cells, their modification with rituximab has been performed to target 
CD20 receptor. Compared to non-targeted nanostructures, curcumin- 
and imatinib-loaded lipid nanostructures demonstrated higher cyto
toxicity. The drug-loaded nanostructures suppressed lymphoma pro
gression and use of nanoparticles enabled decrease in IC50 of curcumin 
and imatinib.128 

Compared to conventional polymeric nanoparticles, solid lipid 
nanoparticles (SLNs) have obtained much attention in recent years. 
These nanostructures are comprised of a solid lipid core that can 
encapsulate lipophilic drugs such as curcumin for adjusted release. They 
can improve pharmacokinetic activity of loaded drug and by targeted 
delivery at tumor site, significantly decrease adverse impacts.129–133 In 
an experiment, SLNs were used for delivery of curcumin in lymphoma 
treatment. These nanoformulations reduced tumor growth in animal 
models up to 50 %, while curcumin alone decreased tumor growth by 
35.8 %. The expression level of XIAP and Mcl-1 decreased by 
curcumin-loaded SLNs to suppress proliferation and to induce apoptosis 
in lymphoma cells. Furthermore, a significant reduction in levels of IL-6 
and TNF-α were observed upon treatment of lymphoma by 
curcumin-loaded SLNs.101 Based on these studies, nanocarriers are 
capable of targeted delivery of curcumin at tumor site and they suppress 
lymphoma proliferation by inducting apoptosis.134 More experiments 
are required to investigate role of other nanoparticles in delivery of 
curcumin for lymphoma suppression. Since curcumin potential in lym
phoma suppression has been improved significantly through application 
of nanoparticles, a gap in the field is lack of studies about co-delivery of 
curcumin with siRNA, shRNA or CRISPR in synergistic lymphoma in
hibition. Table 2 and Fig. 2 provide a summary of curcumin use in 
lymphoma suppression. 

6. Curcumin and multiple myeloma 

6.1. Curcumin, STAT3, JNK and NF-κB pathways 

Similar to other types of hematological cancers, curcumin has 
demonstrated capacity in suppressing progression of myeloma cells. 
Noteworthy, curcumin targets various molecular pathways in impairing 
progression of myeloma cells. STAT3 signaling shows oncogenic func
tion in multiple myeloma and its inhibition leads to apoptosis and cell 
cycle arrest.144 Overgeneration of ROS results in activation of STAT3 
signaling to enhance growth and viability of myeloma cells.145 Various 
pharmacological compounds such as arctiin and others that are mainly 
phytochemicals have been used for STAT3 signaling inhibition and 
subsequent decrease in progression of myeloma cells.146,147 Curcumin 
can regulate expression level of STAT3 in affecting myeloma progres
sion. High levels of IL-6 stimulate STAT3 signaling in increasing pro
gression of myeloma cells. Curcumin administration suppresses 
proliferation of myeloma cells via preventing phosphorylation of 
STAT3.148 However, only one experiment has evaluated potential of 
curcumin in targeting STAT3 signaling in myeloma and more studies to 
understand related molecular pathways and their impact on tumor 
progression are required. Another oncogenic signaling in multiple 
myeloma is NF-κB pathway that S1PR2 down-regulation leads to a sig
nificant increase in growth and invasion of myeloma cells via NF-κB 
stimulation.149 Magnolol promotes expression level of miRNA-129 to 
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suppress NF-κB signaling, resulting in apoptosis induction and remark
able reduction in growth and metastasis of tumor cells.150 Furthermore, 
NF-κB signaling participates in drug resistance in myeloma and its in
hibition decreases stemness and chemoresistance features of tumor 
cells.151,152 A combination of curcumin and carfilzomib is beneficial in 
suppressing progression of myeloma cells. Both curcumin and carfilzo
mib have capacity of suppressing NF-κB signaling in inhibiting myeloma 
progression and this impact is potentiated by their combination. In fact, 
the combination of these drugs demonstrates more capacity in pre
venting nuclear translocation of NF-κB compared to their use alone. 
Furthermore, curcumin and carfilzomib combination stimulate cell 
cycle arrest at G0/G1 phase and promotes expression level of p53/p21 in 
suppressing myeloma progression.153 It appears that proliferation and 
apoptosis of myeloma cells mainly depend on activation of NF-κB 
signaling. Curcumin administration decreases phosphorylation of Ikap
paBalpha and suppresses activation of IKK. Furthermore, curcumin de
creases NF-κB expression and inhibits expression of its downstream 
targets including Bcl-2, Bcl-xL, cyclin D1 and interleukin-6. Then, a 

significant decrease occurs in proliferation of myeloma cells and cell 
cycle arrest at G1/S is observed. Curcumin also stimulates expression of 
caspase-7, caspase-9 and PARP in reducing viability of myeloma cells. It 
has been shown that down-regulation of NF-κB by curcumin is beneficial 
in increasing drug sensitivity of myeloma cells.154 One of the down
stream targets of NF-κB signaling in multiple myeloma is JNK.155 In 
contrast to NF-κB, JNK signaling has a tumor-suppressor activity and 
enhancing its expression is of importance in cancer therapy. Activation 
of JNK signaling by disulfiram/copper results in apoptosis in myeloma 
cells.156 Down-regulation of lncRNA PCAT-1 leads to activation of JNK 
signaling and subsequent drug sensitivity of myeloma cells.157 Based on 
these studies, activation of JNK signaling stimulates apoptosis, di
minishes progression of tumor cells and promotes drug sensitivity.158,159 

It has been reported that curcumin promotes ability of bortezomib in 
myeloma suppression. Curcumin reduces expression level of NF-κB to 
induce JNK signaling, resulting in an increase in anti-cancer activity of 
bortezomib against myeloma cells.155 A strength point of current studies 
related to myeloma is evaluation of using curcumin with chemotherapy 

Table 2 
The use of curcumin in treatment and suppression of lymphoma.  

In vitro/In 
vivo 

Cell line/Animal model Study design Molecular target Biological 
mechanism 

Remarks Refs 

In vitro 
In vivo 

Raji cells 
Xenograft model 

10 μM VEGF 
Akt 
MMP-2 and -9 

Proliferation 
Metastasis 

A combination of curcumin and omacetaxine suppresses 
proliferation and metastasis of cancer cells 
Inhibition of VEGF/Akt signaling 
Down-regulation of MMP-2 and MMP-9 

118 

In vitro 
In vivo 

U937 and Raji cells 
Xenograft model 

0–80 μM TGF-β/Smad Proliferation A combination of curcumin and HHT inhibits proliferation 
of lymphoma cells 
Inhibition of TGF-β/Smad axis 
Increasing E-cadherin levels 
Reducing N-cadherin levels 

121 

In vitro ut-78, HH, MJ, My-La CD4+ and 
My-La CD8+ cells 

12–24 μM – Apoptosis 
DNA damage 
Autophagy 

Apoptosis induction 
Activation of caspase cascade 
DNA fragmentation 
Inducing dephosphorylation of Akt 
Autophagy induction 

135 

In vitro PEL cells 0–80 μM JAK1 and 
STAT3 

Apoptosis 
Proliferation 

Apoptosis induction 
Decreasing proliferation of tumor cells 
Mediating loss of mitochondrial membrane potential 
Cytochrome C release 
Activation of caspase-3 
Inhibition of JAK1 and STAT3 signaling 

136 

In vitro MJ, Hut78, and HH cells 5–20 μM STAT3 
Bcl-2 
Survivin 
NF-kappaB 
Caspase-3 

Apoptosis Apoptosis induction 
Down-regulation of STAT3, Bcl-2 and survivin 
Inhibition of NF-kappaB signaling 
Activation of caspase-3 

112 

In vivo Lymphoma bearing mice 50, 100 and 
150 mg/kg 

IL-1α and IL-1β Inflammation Inhibiting tumorigenesis via down-regulation of IL-1α and 
IL-1β 
Preventing inflammation 

137 

In vivo Lymphoma bearing mice 1.5, 3 and 4.5 
mg/kg 

IL-6 and TNF-α 
NF-kappaB 

– Down-regulation of IL-6 and TNF-α 
Inhibition of NF-kappaB signaling 

138 

In vitro H-RS and Jurkat cells 2.5–100 μM STAT3 and NF- 
kappaB 

Apoptosis Apoptosis induction 
Cell cycle arrest 
Suppressing STAT3 and NF-kappaB molecular pathways 
Down-regulation of Bcl-2, Bcl-xL, XIAP and survivin 

113 

In vitro CH12F3 lymphoma cells 0–6.5 μM Caspase-3 Apoptosis 
DNA damage 

Sensitizing cancer cells to DNA damage 
Apoptosis induction in a caspase-3 dependent manner 

139 

In vitro Namalwa, Ramos and Raji cells 2, 10 and 20 
μmol/L 

mTOR Cell cycle 
progression 

Cell cycle arrest at G2/M phase 
Increasing sensitivity of lymphoma cells to radiation 
Inhibiting mTOR phosphorylation 

140 

In vitro 
In vivo 

Lymphoma cells 
NOD/SCID mice 

0–40 μM 
200 mg/kg 

Akt/mTOR 
PPARγ 

Apoptosis 
Cell cycle 
progression 

Apoptosis induction 
Cell cycle arrest at G2 phase 
PPARγ overexpression 
Inhibition of Akt/mTOR signaling 

141 

In vitro AS283A, KK124, Pa682PB, 
BML895, and CA46 cells 

10 or 20 μmol/L NF-kappaB 
Bax 

Apoptosis Down-regulation of NF-kappaB 
Overexpression of Bax 
Apoptosis induction 
Reducing viability of tumor cells 

142 

In vitro JeKo-1, Mino, SP-53, and 
Granta 519. JeKo-1 cells 

10, 25 and 50 
μM 

NF-kappaB Apoptosis Apoptosis induction 
Cell cycle arrest at G1/S phase 
Proliferation inhibition 
Inhibition of NF-kappaB signaling pathway 

143  
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drugs in tumor suppression. However, the limitation point is the main 
focus on a few molecular targets including NF-κB, STAT3 and JNK. 
There are other dysregulated pathways such as PTEN, lncRNAs, miRNAs 
and circRNAs in myeloma. Moreover, the role of curcumin in affecting 
chromosomal instability, histone modification and acetylation, as other 
factors participating in tumorigenesis in myeloma should be 
highlighted. 

6.2. Curcumin, drug resistance and accumulation of anti-cancer agents 

One of the problems in effective chemotherapy of myeloma is low 
accumulation of anti-cancer agents in tumor cells. Curcumin is sug
gested to be involved in enhancing intracellular accumulation of anti- 
cancer drugs in boosting toxicity against myeloma cells. A recent 
experiment has shown that curcumin and arsenic trioxide exert syner
gistic impact in myeloma therapy.160 Arsenic trioxide is a new emerging 
anti-cancer agent in myeloma treatment and it can induce apoptosis in 
tumor cells and exerts synergistic impact with bortezomib in myeloma 
therapy.161–163 One of the problems related to arsenic trioxide is its 
accumulation in myeloma cells. Curcumin administration promotes 
levels of AQP9 at mRNA and proteins levels to promote intracellular 
accumulation of arsenic trioxide in myeloma cells. Furthermore, a 
reduction occurs in expression level of anti-apoptotic proteins such as 
Mcl-1 and Bcl-2, while expression level of Bax and caspase-3 enhances. 
Based on this experiment, curcumin has capacity of increasing accu
mulation of arsenic trioxide in U266 cells.160 Another factor involved in 
drug resistance is P-glycoprotein (P-gp)164,165 and studies should 
investigate how curcumin regulates its expression in increasing cyto
toxicity of anti-cancer agents myeloma cells. Curcumin has capacity of 

regulating expression and activity of P-gp and by suppressing its activ
ity, curcumin prevents drug resistance in tumor cells.166–168 Therefore, 
curcumin and P-gp association in myeloma should be examined in future 
studies. 

The in vivo experiment has revealed potential of curcumin in 
reversing drug resistance in vivo. Curcumin has capacity of impairing 
progression and growth of myeloma cells, and it promotes sensitivity to 
dexamethasone, doxorubicin and melphalan. Curcumin reduces 
expression level of NF-κB and Akt to promote thalidomide- and 
bortezomib-mediated cell death. Then, a decrease occurs in expression 
levels of cyclin D1, Bcl-xL, Bcl-2, TRAF1, cIAP-1, XIAP, survivin and 
VEGF. Furthermore, in vivo experiment on nude mice model demon
strated capacity of curcumin in promoting anti-cancer activity of bor
tezomib and reducing expression of CD31 and VEGF.169 The first 
important viewpoint is related to the role of curcumin in down
regulation of P-gp to increase accumulation of drugs in myeloma. The 
second strength point is the combination cancer therapy by curcumin 
along with bortezomib or thalidomide. However, a gap in the field of 
lack of application of nanoparticles for co-delivery of drugs in myeloma 
therapy. Moreover, nanoparticles can facilitate the bypass from drug 
efflux transporters for better cancer therapy. 

6.3. Curcumin, PI3K/Akt and Notch pathways 

Another important signaling pathway involved in progression of 
myeloma is PI3K/Akt signaling. IGF-1 stimulates PI3K/Akt signaling to 
induce EMT in increasing progression and metastasis of myeloma 
cells.170 miRNA-215–5p suppresses progression of myeloma cells via 
inhibition of PI3K/Akt signaling to induce apoptosis and cell cycle 

Fig. 2. Curcumin use in treatment of lymphoma. The lipid-based nanoparticles are common structures for delivery of curcumin in lymphoma therapy and co-delivery 
with other compounds such as imatinib. Proliferation suppression and apoptosis acceleration can be obtained through application of curcumin. The upregulation of 
miR-98 and miR-200 and downregulation of miR-21 and miR-199 mediate the anti-cancer activity of curcumin. Upregulation of Bax and Bad, and release of cy
tochrome C can mediate apoptosis in tumor cells. Furthermore, cancer metastasis can be reduced due to downregulation of MMP-2 and MMP-9. 
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arrest.171 Anti-cancer agents suppressing PI3K/Akt signaling are of 
importance in impairing progression of myeloma cells.172,173 An 
experiment has developed two derivatives of curcumin known as 
GO-Y030 and GO-Y078 that demonstrate higher cytotoxicity against 
myeloma cells compared to curcumin (7-12-fold increase in anti-cancer 
activity). These analogs prevent generation of IL-6 and suppressed 
related molecular pathways including NF-κB, PI3K/Akt, JAK/STAT3 
and IRF4 in myeloma suppression.174 Another important molecular 
pathway in myeloma is Notch signaling. Increasing evidence demon
strates oncogenic function of Notch signaling in myeloma and its asso
ciation with proliferation and drug resistance. Inhibition of Notch 
signaling stimulates apoptosis and promotes chemo-sensitivity of 
myeloma cells.175–177 Overexpression of Notch3 is in favor of myeloma 
progression and prevents apoptosis in tumor cells. It has been reported 
that curcumin decreases survival rate of tumor cells in a 
concentration-dependent manner. Curcumin stimulates apoptosis via 
Notch3 signaling inhibition to promote expression level of p53.178 

Overall, studies highlight the fact that curcumin is a potent anti-cancer 
agent against myeloma (Fig. 3 and Table 3).179–185 Notably, studies have 
investigated potential of curcumin in regulating signaling networks 
involved in myeloma progression. However, there is no experiment 
using nanoparticles for targeted delivery of curcumin to myeloma cells 
that can be focus of future studies. 

7. Conclusion and remarks 

This summary of curcumin’s impact on treatment of hematological 

cancers demonstrated that the different biological mechanisms 
including proliferation, metastasis, EMT, apoptosis, autophagy and cell 
cycle arrest are highly regulated. Moreover, the DNA damage is induced 
by curcumin to disrupt progression of hematological tumors. The func
tion of curcumin in regulation of major pathways in hematological 
cancers including NF-κB, PI3K/Akt, STAT3 and Notch confirmed the 
reduction in expression level of oncogenic factors. However, a gap in 
current studies is ignoring on evaluation of RNA modification by cur
cumin in treatment of hematological cancers, especially the non-coding 
RNAs that play a vital role in tumorigenesis. Therefore, curcumin- 
mediated regulation of RNAs in treatment of hematological cancers re
quires more attention. 

The current studies have shown that curcumin is a regulator of 
apoptosis and pyroptosis in various hematological cancers. However, 
there are other types of cell death mechanisms that their control by 
curcumin can exert its anti-tumor function. Since curcumin has pleio
tropic function, it has ability of regulating other types of cell death 
pathways. Previous studies have shown that curcumin is a regulator of 
ferroptosis,192 cuproptosis193 and necroptosis.194 However, there is no 
report about their regulation by curcumin in hematological tumors. 
Therefore, curcumin impact on these cell death pathways should be 
evaluated. Moreover, curcumin-mediated regulation of efferocytosis in 
cancers and hematological tumors should be evaluated. It is also note
worthy curcumin can modulate autophagy as another cell death mech
anism in hematological tumors. However, autophagy has a dual function 
in cancer and can be protective or lethal.195 In spite of autophagy control 
by curcumin in hematological cancers, the future studies should 

Fig. 3. Curcumin administration in treatment of myeloma. The downregulation of STAT3, Akt and Notch3 can significantly reduce the progression of tumor cells. 
Upregulation of p53 by curcumin induces apoptosis. Moreover, GO-Y030 and GO-Y078 s derivatives of curcumin downregulate IL-6, PI3K/Akt, STAT3 and IRF4 in 
suppressing tumorigenesis. Moreover, P-gp suppression by curcumin reduces chemoresistance. 
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evaluate its dual role and the need for application of autophagy in
hibitors when it has protective function and application of autophagy 
inducers, when the function of autophagy is lethal. 

An important issue that has been of interest in recent years is the sex 
and gender evaluation of diseases. Currently, there are reports showing 
that there are differences about diseases in males and females and 
therapies based on gender can be developed.196,197 This is also true for 
cancer and there are differences in cancer incidence rate in males and 
females.198 Because of wide application of curcumin in cancer therapy, 
the future studies are encouraged to evaluate gender-based response to 

curcumin. 
In spite of significant evaluation of using curcumin in treatment of 

hematological cancers, there are a number of limitations that should be 
addressed. The first limitation is related to the design of studies. 
Currently, the studies evaluate the curcumin’s use in treatment of he
matological studies based on in vitro results and sometimes, in vivo. 
However, a significant problem related to the in vitro studies is lack of 
evaluation of curcumin’s bioavailability. Moreover, the in vivo studies 
are only limited to the anti-cancer activity of curcumin based on tumor 
size and weight. To improve knowledge towards the anti-cancer 

Table 3 
Application of curcumin in suppressing myeloma progression.  

In vitro/ 
In vivo 

Cell line/Animal model Study design Molecular target Biological 
mechanism 

Remarks Refs 

In vitro 
In vivo 

Nude mice 5 and 10 μM NF-κB cyclin D1, Bcl-xL, Bcl-2, 
TRAF1, cIAP-1, XIAP and 
survivin 
VEGF 

Proliferation Proliferation impairment 
Enhanced sensitivity to doxorubicin, melphalan and 
dexamethasone 
Inhibition of NF-κB and Akt signaling pathways 
Down-regulation of cyclin D1, Bcl-xL, Bcl-2, TRAF1, 
cIAP-1, XIAP and survivin 
VEGF inhibition 
Suppressing tumor progression in vivo 

169 

In vitro U266 cells 0–20 μM NF-κB – A combination of curcumin and CFZ suppresses NF-κB 
signaling and impairs progression of tumor cells 

153 

In vitro U266 cells 0–5 μmol/L AQP9 Apoptosis Apoptosis induction 
Suppressing proliferation of tumor cells 
Overexpression of AQP9 at mRNA and protein levels 
Promoting intracellular accumulation of arsenic 
trioxide 

160 

In vitro U266, MM.1S, RPMI 
8226, and MM.1R cells 

50 μM IL-6/STAT3 Proliferation Proliferation inhibition 
Suppressing IL-6/STAT3 signaling 

148 

In vitro U266, MM.1, and 
MM.1R cells 

0–50 μM NF-κB Apoptosis 
Growth 

Apoptosis induction 
Growth inhibition 
Suppressing NF-κB signaling 
Down-regulation of Bcl-2, Bcl-xL, cyclin D1 and 
interleukin-6 
Cell cycle arrest at G1/S phase 

154 

In vitro RPMI8226 cells 2 and 20 μM NF-κB, PI3K/AKT, JAK/STAT3, 
and IRF4 

– GO-Y030 and GO-Y078 as curcumin derivatives 
demonstrate higher cytotoxicity compared to 
curcumin 
Reducing IL-6 production 
Suppressing NF-κB, PI3K/AKT, JAK/STAT3, and IRF4 
pathways 

174 

In vitro U266 cells 2.5, 5 and 10 
μM 

Bcl-2 
Bax 

Apoptosis Decreasing number of cancer cells 
Apoptosis induction 
G0/G1 cell cycle arrest 
Bcl-2 down-regulation 
Bax upregulation 

186 

In vitro P3X63Ag8 cells 0–80 μM P53 
Notch3 

Apoptosis Apoptosis induction 
Promoting p53 expression via Notch3 signaling 
inhibition 

178 

In vitro RPMI8226 cells – Capase-3 Apoptosis Proliferation inhibition 
Apoptosis induction 
Suppressing Notch1 signaling 
Upregulation of caspase-3 

187 

In vitro H929 cells – Bcl-2 and cyclin D1 
Bax 
NF-kappaB 

Apoptosis 
Proliferation 

Synergistic impact between curcumin and bortezomib 
Down-regulation of Bcl-2 and cyclin D1 
Bax upregulation 
Inhibition of NF-kappaB signaling 
Apoptosis induction 
Proliferation inhibition 

188 

In vitro RPMI-8226 and 
NCI–H929 cells 

0–20 μM mTOR 
DNMT3a 
DNMT3b 

– Curcumin induces hypermethylation of mTOR 
promoter 
Overexpression of DNMT3a and DNMT3b 

189 

In vitro RPMI8226 cells 12.15 μmol/L 
and 4.9 μmol/L 

Bax 
Bcl-2 

Apoptosis Apoptosis induction 
Cell cycle arrest at G2/M phase 
Bcl-2 down-regulation 
Bax upregulation 
Inhibiting proliferation of tumor cells 

190 

In vitro MOLP-2/R cells 10 μmol/L FA/BRCA Apoptosis Apoptosis induction 
G2/M cell cycle arrest 
Inhibiting FA/BRCA pathway 

191 

In vitro H929 cells – NF-kappaB 
JNK 

– Inhibition of NF-kappaB pathway to induce JNK 
signaling, leading to increased cytotoxicity of 
bortezomib 

155  
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activities of curcumin, the use of 3D-culture and ex vivo application is 
suggested. The current studies have significantly shown the role of 
curcumin stimulation of apoptosis, cell cycle arrest and downregulation 
of oncogenic factors. However, the application of curcumin in combi
nation with other conventional therapies for synergistic tumor removal 
has not been evaluated. The most popular conventional therapy for 
hematological cancers is chemotherapy. The resistance of tumor cells to 
apoptosis, upregulation of alternative molecular pathways and devel
opment of drug resistance can lead to failures in treatment of hemato
logical cancers. Therefore, chemoresistance threatens life of cancer 
patients. Owing to multifunctional role of curcumin in treatment of 
hematological tumors, the co-administration of curcumin with other 
therapies is suggested to increase potential of conventional treatments in 
hematological cancer suppression. Curcumin can promote apoptosis and 
cell cycle arrest in sensitizing to chemotherapy. Moreover, since drug 
efflux transporters participate in chemoresistance and curcumin has 
shown inhibitory impact of P-gp as a transporter, it can prevent drug 
resistance development. Therefore, the upcoming studies should put 
more attention on the role of curcumin in combination cancer therapy 
and reduction in drug resistance development. A major problem towards 
application of curcumin in clinical trials is the poor pharmacokinetic 
profile of this compound. In fact, rapid metabolism of curcumin causes 
its poor bioavailability and low half-time, thereby limiting pharmaco
logical activities of this compound. Moreover, after oral administration 
of curcumin, there are significant barriers towards its absorbance and it 
is currently low in intestines. A significant limitation of current studies is 
lack of attention to the use of nanoparticles for the delivery of curcumin 
in treatment of hematological cancers. The nanoparticles can improve 
the pharmacokinetic profile of curcumin including increase in half-time, 
reduction in metabolism, enhancement in blood circulation time, 
elevation in tumor tissue accumulation and increase in anti-cancer ac
tivity. Therefore, it is highly suggested to employ curcumin-loaded 
nanostructures in treatment of hematological cancers. Various classes 
of nanoparticles including polymeric, carbon, lipid and metal nano
structures are significantly used for curcumin delivery in targeted cancer 
suppression. Therefore, it is suggested to use such nanoparticles for the 
delivery of curcumin. However, only improvement in the anti-cancer 
activity of curcumin through application of nanoparticles can not 
endow the confirmation for use in clinical trials. In addition to high 
potential in tumor suppression, the nanoformulations of curcumin 
should have high biocompatibility. Currently, the lipid nanoparticles 
such as liposomes are being used in clinical trials and their long-term 
safety has been confirmed in human. Therefore, the suggestion to the 
future studies is to focus on application of lipid nanoparticles in curcu
min delivery and acceleration of anti-cancer activity. 
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