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Secreted protein acidic and rich in cysteine (SPARC), also known as osteonectin or BM-40, is a matricellular
protein involved in several biological processes including cell adhesion, growth factor availability, extracellular
matrix remodeling and immune-regulation. SPARC has also been associated with a variety of diseases including
diabetes, colon cancer, and leukemia. The expression of SPARC in different diseases exhibits some degree of

ambiguity, especially in hemopathies. Herein, we review the current expression and effects of SPARC in various
hematologic disorders with respect to nanoparticle albumin bound innovative therapies and related diagnostic
research, providing a clinical perspective on the use of NAB technology in the frontier treatment of hematologic

diseases.

1. Introduction

Osteonectin or basement-membrane protein 40 ( BM-40 )is a
human protein encoded by the secreted protein acidic and rich in
cysteine (SPARC) gene, present on chromosome 5q31-q33 [1,2]. It has
not only been identified in the adrenal, appendix, bone marrow, gall
bladder, placenta, and even the fat and salivary gland, but also in the gut
epithelium, liver fibrotic tissues and several tumor cells [3-7].

The human SPARC is a 303 amino acid protein with a molecular
weight of 32kD. A 17 amino acids signal peptide is removed during
processing of the protein, leaving the mature SPARC protein composed
of 3 distinct structural domains. As observed in its structure (PDB code

* Corresponding authors.

2V53), SPARC is constituted of an N-terminal domain made of 52 amino
acids where calcium ions bind,the other domain is follistatin-like located
between the N-terminus and the extracellular calcium ( EC ) binding
domain with 10 cysteine and two copper binding sites. The last domain
is an EC-binding domain containing a canonical pair of EF-hands that
bind to calcium with high affinity [8-10] ( Fig. 1) .

Normally, SPARC gene appears to regulate cell growth through
interaction with the extracellular matrix and cytokines. It positively
regulates stabilin-1 through the extracellular epidermal growth factor
(EGF), Knockdown of stabilin-1 decreases SPARC expression, while
elevated SPARC levels have been linked with stabilin-1 overexpression.
It also regulates integrin reaction associated with the extracellular
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Fig. 1. : Protein structure of human SPARC. Three domains are show in box.

The yellow in the structure represents EF hand domain with Ca®* binding;
purple is Follistatin-like domain, Cysteine is located at this site; blue is acidic
domain with Ca®>* and PDGF binding.
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matrix (ECM) and influences integrin linked kinase ( ILK ) which is a
downstream element of integrin signalling [11,12]. Moreover,
short-hairpin RNAs targeting SPARC reduces the activity of ILK, focal
adhesion kinase [13] and protein kinase B (Akt) leading to decreased
cell survival and invasion ability [14]. Cell-matrix interactions and tis-
sue remodeling are regulated by SPARC through binding to collagen and
other ECM proteins, and activating matrix metallopeptidases (MMPs)
and several growth factors like fibroblast growth factor (FGF), trans-
forming growth factor p (TGF-p), vascular endothelial growth factor
(VEGF) and platelet derived growth factor (PDGF) [14-17] (Fig. 2).

Hematological malignancies are malignant neoplasms classified into
acute lymphocytic leukemia (ALL), acute myeloid leukemia (AML),
chronic myeloid leukemia (CML), myeloma, and lymphoma. It is worth
noting that myelodysplastic syndromes (MDS) represent a distinct
spectrum of hematological diseases [18]. However, SPARC has been
demonstrated to exert varying effects in different hematologic malig-
nancies (Table 1).

Specific to latest information on novel cancer agents and treatment
approaches, albumin as an almighty drug carrier in anti-cancer drug
delivery system, and nanoparticles-based delivery system has generated
great therapeutic expectation to inhibit activity of tumor cells. These
studies have established that nanoparticle albumin-bound (NAB) tech-
nology is an important method to treat cancer patient. For instance,
nanoparticle albumin-bound paclitaxel (nab-paclitaxel) has been used in
patients with breast cancer who have failed chemotherapy or are
resistant to drugs demonstrated efficacy, even in the non-small-cell lung
cancer and pancreatic cancer remain appear favorable efficacy and
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Fig. 2. SPARC associated signaling pathway in this review. SPARC related pathways are summarized here, mainly related to hematologic diseases.
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Table 1
Role of SPARC in hematological malignancies.
Hematological Expression Related therapy Prognosis  Relevant gene Reference
malignancy
DLBCL Increased Rituximab, CyclophosphamideDoxorubicin, Vincristine, =~ Good FN1 [24-28]
SPARC+ SC prednisone
MM Increased 5-Aza-2-Deoxycytidine Lenalidomide Poor ERK,JNK,p38, NF-kB [31-34]
expression
5q" syndrom Decreased Lenalidomide Good G3BP1,CSNK1A1, VSIG4,PPIC,TPBG [37-42]
expression
CML Decreased Imatinb Good BCR-ABL, Fyn/ERK [47-54]
expression
CN-AML Increased Cytarabine Daunorubicin Poor ILK/AKT/p-catenin, TCF/LEF,SP1/NF- [57-63]
expression kBKIT,FLTS, DNMTs
ATL Decreased Bortezomib Good VEGF-B, FGF-1 [67,68]
expression
CNSL Decreased Intrathecalchemotherapy; Intrathecal rituximab Good APOD,A2M,APOA1HRG [72-80]
expression

safety profile [19]. Ovarian cancer patient who received relacorilant
plus nab-paclitaxel appear prolong their survival. Nanotechnology has
broad implications for coronary artery disease, it may support a safe and
effective drug delivery platform for modulating lipid drugs and reducing
inflammation and angiogenesis in atherosclerotic plaques and prevent-
ing thrombogenesis [20,21].

2. The role of SPARC in hematological malignancies
2.1. In the diffuse large B-cell lymphoma

Diffuse large B-cell lymphoma is called DLBCL for short, a most
common type of non-Hodgkin lymphoma that is derived from abnormal
B-cells [22,23]. SPARC is highly expressed in DLBCL evaluated with
Oncomine has confirmed, and the ROC analysis shows SPARC over-
expression might be a favorable prognostic biomarker for DLBCL [24].
Similarly, Meyer team found that the tumor microenvironment affects
survival in patients with DLBCL. Such patients, no matter the number of
SPARC positive cells in the tumor microenvironment had favorable
remission rates after rituximab, cyclophosphamide, doxorubicin,
vincristine and prednisone therapies in activated B-cell (ABC)-type
DLBCL, but not in the germinal center B-cell-type DLBCL [25]. Ac-
cording to clinical data analysis, DLBCL patients have a wide variation in
survival index and tumor microenvironment plays a role in determining
the survival of DLBCL patients [26].

Recent studies report that the stromal cell (SC) signature could
predict the survival of DLBCL patients and the stromal-1 signature re-
flects a good prognosis, while stromal-2 portends a disadvantageous
outcome [27]. Stromal-1 signature included Fibronectin (FN1) and
SPARC, high expression FN1 combined with high expression SPARC
patients show longer overall survival [28].

As well, the research performed by Meyer’s team revealed that
DLBCL patients with SPARC"™ SCs had a dramatically longer overall
survival compared with patients lacking SPARC expression in SCs

( Table 1) . Similar to DLBCL patients, ABC-type DLBCL patients with
SPARC positivity in the SCs had longer overall survival than SPARC
negative ones [25]. Therefore, SPARC expression in SCs in DLBCL is a
sensitive indicator to predict the prognosis. This finding suggests that an
effective clinical treatment for patients with ABC-type DLBCL lacking
SPARC" SCs could be a chemotherapeutic vector directly applied to the
tumor microenvironment.

2.2. In the multiple myeloma

Another manifestation of hematologic malignancy is multiple
myeloma (MM). MM is a cancer of the plasma cell, normal plasma cells
are derived from white blood cell that helps make up our immune sys-
tem. Once the immune system is severely attacked, the plasma cells

become cancerous. The malignant plasma cells drive out normal blood
cells in the bone marrow, reducing the proliferation of healthy blood
cells and producing a monoclonal protein (M protein) or paraproteins
[29].

Soluble SPARC can be detected in the plasma of all MM patient and
healthy people. The level of SPARC protein expression is significantly
higher in serum of MM patient and its methylation will predict poor
overall survival in the U266 cells [30], SPARC is associated with
migration and invasion of MM cells [31]. In clinical, lenalidomide is a
prescription medicine that affects the function of SPARC, use to treat
MM patients in combination with dexamethasone [32]. Additionally,
5-Aza-2'-Deoxycytidine and Trichostatin are getting promising result
after acting SPARC action [33]. Silencing SPARC expression might be
another therapy method to MM patient with SPARC overexpression
through decrease phosphorylation of ERK, JNK, p38, NF-kB, and IKKp
[34].

2.3. In the 5q-syndrome

Myelodysplastic syndrome (MDS) with an isolated 5q deletion is
named 5q-syndrome [35], laboratory results present normal platelet
count, macrocytic anemia or slight thrombocytosis, hypolobated
megakaryocytes and less than 5% of blasts in the bone marrow [36]. The
5g-syndrome as a clonal disorder is a somatic hemizygous mutation,
G3BP1 and CSNK1A1 were included in deletion of 5q [37]. In humans,
SPARC maps to the deleted region in 5q and has been reported to be
downregulated in 71% of MDS patients samples [38]. Kerdivel et al.
concluded that lenalidomide effectively inhibits the growth of del (5q)
erythroid cells without affecting the normal progenitors cells [39].

Lenalidomide treatment of del (5q) cells (500 pM,) and CD34"
mononuclear cells from MDS patients increased the expression of SPARC
compared with untreated cells. Not only the SPARC gene but also the
VSIG4, PPIC and TPBG genes were upregulated by lenalidomide treat-
ment in MDS del(5q) patients ( Table 1 ). More importantly, SPARC
expression was only significantly increased in the 5q-syndrome after
lenalidomide treatment [40-42].

Pellagatti et al. reported that lenalidomide selectively suppresses the
growth of MDS del (5q) progenitors and increases the SPARC expression
[40]. Thus, SPARC may be involved in the pathogenesis of the 5g-
syndrome, and can also be implemented as a reference target for the
efficacy of lenalidomide therapy.

2.4. In the chronic myeloid leukemia

Chronic myeloid leukemia ( CML ) is a chronic malignant hemato-
logical disease characterized by an abnormally increased growth of
myeloid cells in the bone marrow and accumulation of malignant cells in
the blood. The Proliferation of mature granulocytes (neutrophils,
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eosinophils and basophils) and their precursors are found in the bone
marrow smear in CML [43,44]. The main etiological factor for this
disease is a t (9;22) chromosomal translocation involving BCR-ABL, a
constitutively active tyrosine kinase ( TK ) inducing chronic myeloid
leukemia [45,46].

Interestingly, SPARC mRNA and protein are downregulated in CML
patient cells and treatment of almost 20 patients with IM, which are both
tyrosine kinase inhibitors, showed that SPARC mRNA, protein, and
serum level was elevated in patients’ peripheral blood cells due to
monocyte production [47,48]. Besides, SPARC protein levels are
decreased in BCR/ABL positive cell lines such as K562, LAMA84 (human
chronic myeloid leukemia cell lines), but no difference in SPARC
expression has been identified in the BCR/ABL negative acute myeloid
leukemia cell line HL60. In addition to the results obtained in leukemia
cells, a significant increase in the serum level of SPARC was detected
after 18 months of IM treatment. Although, SPARC expression was also
reduced in lymphocytes, monocytes, and granulocytes in patients with
chronic myelogenous leukemia, but it still increased after IM therapy.
Summary of above research illustration, low SPARC express stably in
BCR/ABL positive cells and IM treatment induces SPARC over-
production against CML cell proliferation, meanwhile, SPARC expres-
sion upregulating may enhance the sensitivity of tumor cells to TKI
therapy [49,50]. The exogenous SPARC intraperitoneal or subcutaneous
injections into xenograft tumor models, like colon or hepatocellular
carcinoma model, were shown to significantly suppress tumor growth
[51,52]. Consequently, effective utilization of recombinant SPARC or its
derivative peptides may exploit a new approach for the treatment of
leukemia. More significantly, SPARC mRNA overexpression was resis-
tant to the BCR-ABL inhibitor imatinib (IM-R cells) [53], research from
Fenouille et al. found that SPARC accumulation in cells stimulated
Fyn/ERK kinase signaling leading to imatinib resistance in CML (Fig. 2)
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[54]. Hence, excessive SPARC accumulation combined with imatinib is
counterproductive in treating leukemia. That is why an alternative
approach regarding SPARC in imatinib-resistant leukemia therapy is
needed ( Table 2).

2.5. In the acute myeloid leukemia

Acute myeloid leukemia (AML) is a disorder of myeloid cells
inducing an abnormally rapid growth of cells in the bone marrow and
blood. Cytogenetically normal acute myeloid leukemia (CN-AML) is a
type of AML in which patients have a shortage of WBCs, RBCs and
granulocytes leading to infection and anemia [55,56].

Analysis of SPARC expression in primary CN-AML patients treated
with cytarabine and daunorubicin showed that SPARC overexpression is
associated with adverse clinical outcomes in 153 younger CN-AML pa-
tients treated with cytarabine daunorubicin-based regimens and in-
crease the proliferation of leukemia cells in AML murine model. In
particular, low SPARC expression THP-1 cells, a human monocytic cell
line derived from an acute monocytic leukemia patient, which was
regulated to overexpression SPARC, after research analysis an increasing
THP-1 cell colony forming after SPARC upregulation, all delineated that
SPARC promotes the survival and proliferation of leukemia cells, and
experiments performed on NOD/SCID/gamma (NGS) mice injected with
THP-1/SPARC cells into the tail vein (To upregulate the expression of
SPARC) showed hepatosplenomegaly, while the low expression mice
model had smaller spleens than control mice. In other words, SPARC
overexpression actives leukemia growth and led to more aggressive
organic resin [57,58].

To further study the mechanism through SPARC contributes to leu-
kemia cell growth, ILK/AKT/p-catenin signaling pathways were acti-
vated. Due to the fact that the secreted SPARC protein has been reported

Table 2
NAB drugs in Clinical trials.
Drug Sponsor Disease Phase  Identifier
Nanoparticle albumin-bound paclitaxel Zhejiang University Non-small cell lung cancer Phase 2 NCT02016209
Nanoparticle albumin-bound paclitaxel and The First Affiliated Hospital of Non-small Cell lung Cancer Phase 2 NCT01872403
carboplatin Guangzhou Medical University
Nanoparticle albumin-bound Rapamycin Mayo Clinic Malignant Neoplasm Early NCT02646319
Endometrial Carcinoma Phase 1
Bladder Carcinoma
Breast Carcinoma
Cervical Carcinoma
Malignant Neoplasm Ovarian Carcinoma
Prostate Carcinoma
Renal Cell Carcinoma
Nanoparticle albumin-bound rapamycin and University of Washington Advanced Soft Tissue SarcomaLocally Advanced Soft Phase 1 NCT03660930
pazopanib hydrochloride Tissue SarcomaMetastatic Soft Tissue Sarcoma Phase 2
Nanoparticle albumin-bound Rapamycin, Children’s Oncology Group Childhood Solid Neoplasm Phase 1 NCT02975882
Temozolomide,and Irinotecan Recurrent Malignant Solid Neoplasm
Hydrochloride Recurrent Primary Central Nervous System Neoplasm
Refractory Malignant Solid Neoplasm
Refractory Primary Central Nervous System Neoplasm
Nanoparticle albumin-bound paclitaxel plus S-  Chinese PLA General Hospital Advanced Pancreatic Cancer Phase 2 NCT02124317
1
Gemcitabine+ /- Nab-paclitaxel OncoSil Medical Limited Unresectable Locally Advanced Pancreatic Carcinoma Completed  NCT03076216
CORT125134 with nab-paclitaxel Corcept Therapeutics Solid Tumors Completed  NCT02762981
Raltitrexed for injection Fudan University Pancreatic Cancer Phase 2 NCT04581876
nab-paclitaxel Chemotherapy Effect
Nab-paclitaxel With Gemcitabine Emory University Cancer Phase 1 NCT03507491
Tilelizumab With Nab-Paclitaxel Tianjin Medical University High-RiskNon-Muscle Invasive Bladder Urothelial Phase 2 NCT04730232
Second Hospital Carcinoma
Canakinumab injection; spartalizumab, nab- Pancreatic Cancer Action Metastatic pancreatic Ductal adenocarcinoma Phase 1 NCT03652428
paclitaxel, gemcitabine Network
Nab-paclitaxel + Carboplatin/ Hebei Medical University Fourth Triple Negative Breast Cancer Phase 2 NCT04138719
Nab-paclitaxel + Capecitabine Hospital
L-glutamine With Gemcitabine and Nab- Cedars-Sinai Medical Cente Advanced Pancreatic AdenocarcinomaPancreatic Phase 1 NCT04634539
paclitaxel CancerPancreatic Ductal Adenocarcinoma
Gemcitabine + Oxaliplatin Istituto Clinico Humanitas Cholangiocarcinoma Phasel NCT03943043
+Nab-paclitaxel Phase 2
CPI-613 With Gemcitabine and Nab-paclitaxel Atlantic Health System Pancreatic CancerMetastatic Pancreatic Cancer Phase 1 NCT03435289
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to interact with diverse cell surface receptors, some membrane integrins
are involved. A multifunctional cytoplasmic serine/threonine kinase
(ILK) was found to be activated by this interaction, and AKT was found
phosphorylated and activated through ILK, but GSK3p (glycogen syn-
thase kinase 3p) which induced p-catenin degradation and translocation
into the nucleus was phosphorylated and inactivates. Indeed, up-
regulation of the TCF/LEF target gene MYC supports SPARC-induced
B-catenin-TCF/LEF activity in AML cells [57,59-61].

The mechanism of SPARC overexpression in AML blasts is associated
with network SP1/NF-«kB and miR-29b modulation. Thus, activation of
SP1/NF-kB and inhibition of miR-29b are responsible for SPARC
impairment. Similar mechanisms have been identified in oncogenes
involved in AML such as KIT, FLTS and DNMTs ((Fig. 2). On the other
hand, SPARC was low or absent in AML with MLL rearrangements. JF
Dimartino’s group evaluated the SPARC function in AML patients and
cell lines with MLL rearrangements by microarray analysis and discov-
ered that SPARC was downregulated in AML cells with MLL gene rear-
rangement. Further studies showed that SPARC induces the apoptosis of
AML cell lines with MLL gene rearrangement and inhibits progression
from G1 to the S phase in SPARC sensitive ML2 cells (AML cell line).
SPARC downregulation is associated with increased dense promoter
methylation in ML2 and THP-1 cells (a human monocytic cell line).
Thus, observation of SPARC expression could facilitate the prediction of
AML outcomes, suggesting that SPARC is a potential therapeutic target
for AML [62,63].

2.6. In the adult T-cell leukemia

Adult T-cell leukemia is rare cancer and a type of non-Hodgkin
lymphoma, which is usually associated with human T-cell lympho-
tropic virus type 1 (HTLV-1) infection. Bortezomib is a proteasome in-
hibitor used to treat mantle cell lymphoma and ATL [64-66].

Ohyashiki group reported that the mechanism of action through
which bortezomib induces ATL cell apoptosis is associated with siRNA
mediated SPARC inhibition. During their study, SPARC expression was
decreased in ATL cell and TaY cells after transfected SPARC enhance the
apoptotic effect of bortezomib on malignant cells, confirming that
downregulation of SPARC promotes the effect of bortezomib in ATL cell
death. Even if this study is partially perfect, the results still provide
reference for SPARC related ATL. Additionally, SPARC is overexpressed
obtained from HTLV-1 asymptomatic carriers ATLL patients [67]. Pre-
vious studies have illustrated that SPARC is positively correlated with
VEGF-B (Vascular endothelial growth factor B) and FGF-1 (Fibroblast
Growth Factor 1) ( Table 1 ), SPARC iRNA induced caspase3 promotes
the apoptotic effect of bortezomib with concurrent derived VEGF-B and
FGF-1 inhibition [68].

Drawing a conclusion from the above performance results, bortezo-
mib suppresses the proliferation of ATL cells via SAPRC downregulation,
indicating that SPARC targeted therapy is effective in the treatment of
ATL patients, but also various types of cancer responsive to bortezomib.

2.7. In the central nervous system leukemia

Acute lymphocytic leukemia is more prevalent in children and af-
fects white blood cells. It progresses aggressively and quickly, with
central nervous system (CNS) relapse being a major cause of death [69].
At present, intrathecal chemotherapy or intrathecal rituximab is
commonly used in clinical treatment, its curative effect and prognosis
are not satisfactory [70,71].

Mo et al. found that SPARC expression was significantly down-
regulated in the cerebrospinal fluid (CSF) of pediatric patients diagnosed
with ALL and CNS involvement [72,73]. SPARC downregulation corre-
lates with higher complete remission (CR) rates during CNSL treatment.
Furthermore, the heatmap and string analysis displayed downregulation
of SPARC stimulates a decrease in apolipoprotein D (APOD),
alpha-2-macroglobulin (A2M), apolipoprotein Al (APOA1) and an
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increase in histidine rich glycoprotein [74]. These five genes interact to
form different pathways and function, the repair and development of the
nervous system depend on APOD in glial cells to regulate lipid migration
and avoid cellular oxidative stress [75], A2M normally product by he-
patic Kupffer cells, it enables suppress tumor cell migration, prolifera-
tion, and invasion in astrocytoma malignancy when A2M interact with
lipoprotein receptor related protein-1(LRP1) [76,77]. In addition, HRG
keeps high levels in plasma and acts as an acute phase reactant, it sup-
presses tumor probably by inducing cell apoptosis and enhancing
chemotherapy by promoting vessel normalization and antitumor im-
mune responses [78,79]. All in all, SPARC downregulation may be
associated with a favorable prognosis of CNSL and SPARC represents a
promising prognostic biomarker of CNS-involved ALL [72,80]
(Table1).

2.8. New front therapies targeting SPARC

Given the different expressions of SPARC in various diseases, the
selection of drugs and therapeutic schemes is not targeted and tradi-
tional therapy is limited. Therefore, it is necessary to develop new
therapeutic methods to effectively cure SPARC relevant diseases.

Nanoparticles are one hundred to ten thousand times smaller than
human cells, because of it similar in size to enzymes and receptors,
nanomaterial can easily penetrate most cells and rapidly interact with
large biomolecules on both the surface and inside cells. By gaining ac-
cess to various areas of the body, nanotechnology approaches are
employed to deliver therapeutic agents to treat malignant tumor [81,
82].

Recent thousands of nanoparticle albumin bound (NAB) advances in
the research on clinical trials have created. Here, we only present fewer
trials in Table 2 as an example. NAB paclitaxel has entered clinical trials
for patients with advanced non-small cell lung cancer, and achieved a
longer overall survival compare with traditional chemotherapy [83,84],
and NAB-paclitaxel plus gemcitabine phase II clinical trials are currently
ongoing for SPARC overexpress patients with pancreatic cancer, higher
response rate and longer progression free survival were illustrated in this
stage [85,86]. The technical principle behind NAB drugs relies on the
ability of albumin to cross tumor blood vessels and link anti-cancer
drugs to albumin promote their tumoricidal activity [87,88]. Most
importantly, the affinity of albumin to SPARC in SPARC overexpressing
cancers would permit NAB paclitaxel to target non-small cell lung can-
cer, pancreatic cancer and head and neck neoplasm, which may lead to
better efficacy and improve survival rate [89,90]. Furthermore, NAB
drugs can also be used in cancer patients with low SPARC expression, if
SPARC accumulates in malignant cells after the administration of re-
combinant SPARC therapeutics, NAB drugs could reduce excessive
SPARC accumulation ( Fig. 3). The other newest study is
silica-templated eumelanin-silver hybrid nanoparticles (MelaSi-
1. Ag-NPs) [91], with human serum albumin is disclosed as an efficient
and practical strategy to improve photostability and to perform SPARC
mediated internalization in breast cancer cells [92-95]. All the above
effect may occur in leukemia patients with SPARC abnormal expression.
Hence, NAB drugs can assist chemotherapeutic drugs located specif-
ically targeting tumor sites.

On the other side, it has been reported that integrins a5 and f could
mediate the expression of SPARC [96,97]. Byzova reported that integ-
rins a5 and p promote SPARC’s regulation of malignant cell migration
and that the autocrine loop of VEGFR-2 is also involved in this process
[98]. Using phage display, Kzhyshkowska et al. noticed that stabilin-1
mediates SPARC expression via EGF-like (the extracellular epidermal
growth factor) domains including FHGTAC sequence and that a decrease
in stabilin-1 reduces SPARC expression [11,99] ( Fig. 4 ) . The research
carried out on nasopharyngeal carcinoma (NPC) cells showed that
SOX-5 shRNA (SRY-Box Transcription Factor 5) led to a significant in-
crease in SPARC. The ability of SOX-5 to bind directly to the SPARC
promoter accounts for it being an important transcription suppressor of
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Fig. 3. Nanoparticle albumin bound (NAB) drugs treat SPARC related disease. NAB binds to albumin suppress malignant cell proliferation in SPARC overexpress
cancer. NAB reduced SPARC expression when recombinant SPARC treat low SPARC expression related cancer. NAB mainly binds albumin cross tumor blood vessels

to reduce SPARC expression.
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Fig. 4. Stabilin-1 regulates SPARC expression. Stabilin-1 as a cellular receptor regulates SPARC, and it interrelates with SPARC through EGF-like domain,

FHGTAC sequence is included in this domain.

SPARC [100,101]. Based on these facts, SOX5 shRNA could be another
creative method to treat leukemia ( Fig. 5) .

3. Conclusion and perspective

SPARC plays a significant role in different types of cancers and has
been shown to have an impact on treatment efficacy and overall

prognosis. Among other functions, SPARC regulates cell-matrix or cell-
cell interactions, inhibits cellular growth and migration, which are all
properties prompting its evaluation concerning for to the pathogenesis
and treatment of various cancers [102,103].

SPARC overexpression has been depicted in gliomas, melanomas,
and skin cancer, and has been correlated with adverse outcomes in CN-
AML [103,104]. Conversely, SPARC knockdown has been identified to
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Fig. 5. SOX-5 bind to SPARC promoter modify its expression. Stabilin-1 and integrins a5 and § mediate effect of SPARC. shRNA of SOX-5 in NPC cell increased

SPARC, while SOX-5 bind to the SPARC promoter directly, cause SOX-5 as a significant transcriptional repressor of SPARC.

suppress the proliferation of ovarian and cervical cancerous cells [105,
106], meanwhile low or absent expression is associated with a poor
prognosis in colon cancer and some hematological malignancies [73,
107,108]. In parallel with this, SPARC enable to be as a new potential
marker of Myeloid-derived suppressor cells (MDSC) to inhibit MDSC
activity to control serious inflammatory state through the regulate of
NF-kB signaling pathway [109]. Therefore, previous studies have re-
ported that SPARC is a potentially effective therapeutic target and pre-
dictor of the prognosis in leukemia patients. In the Recent studies on
NAB drugs, stabilin-1, integrins a5/p3 and SOX5 shRNA could be
referenced for novel therapeutic strategies of leukemia, or nanoparticle
chimeric integrin a5/p3 and SOX5 shRNA designing targeted drugs that
inhibit SPARC active sites may also be another effective treatment
approach for hematonosis with SPARC overexpression. Furthermore,
regarding hematopoietic P53 mutations associated with low survival
rates in AML and ALL patients, SPARC directly interacts with P53 to
mediate cell survival. Studying SPARC and P53 interaction pathways in
various types of leukemia may form the foundation for the exploration of
new effective therapies, and the synthesis of SPARC/P53 dual target
drugs bound to nanoparticle albumin might be a creative treatment for
diseases other than leukemia. To investigate another potential treat-
ment, the CRISPR/Cas9 technology can be applied to GM NGS (Genet-
ically modified NOD Prkdc*® II2rg”) mice as patient derived
xenografts (PDX) models of human hematologic malignancies to explore
the mechanism of action in SPARC targeted therapy [110].
Considering various studies about SPARC in various malignant dis-
eases, the development of biotherapy and SPARC-targeted drugs will be
beneficial for the treatment of relevant diseases. In spite of CRISPR/Cas9
technology only performing on mice models, human trials are a long
way off due to unpredictable side effects. Therefore, it opens the pos-
sibility of creative therapeutic approaches for enlightening research.
The design of targeted drugs for hematologic malignancies is more
challenge than that for solid tumor, because SPARC shows great binding
affinity to albumin, its binding to albumin caused the enrichment Nab-
paclitaxel accumulation in SPARC positive tumors and promotes its
anticancer effects, but not in SPARC express negative cancer as we

previously disscussed. Obviously, nanoparticle albumin bound (NAB)
technology will be applied extensively in the field of hematological
malignancy precision therapy in the future in order to require better
therapeutic effect and physical safety. Looking forward to study on
SPARC has relationship with MDSC, I believe SPARC, as a sensitive in-
dicator to test Myeloid-derived suppressor cells, will be of significant
assistance in detecting the prognosis of inflammation.

CRediT authorship contribution statement

Wrote or contributed to the writing of the manuscript: QN, QL, ZY-H,
CY, JW-L, MY-L. Revised or contributed to revising of the manuscript: F-
R-L, JH-Z, CL, JY-S, LY-Z, JT.

Conflict of interest statement

This paper has not been published elsewhere in whole or in part. All
authors have read and approved the content, and agree to submit it for
consideration for publication in your journal. There are no ethical and
legal conflicts involved in the article.

Data availability
No data was used for the research described in the article.
Acknowledgments

This work was supported by the National Natural Science Foundation
of China (No 82073311, 2021); Natural Science Foundation of Sichuan
Province (N0.2022JDTD0025, 2022); Key Research and Development
Program of Science and Technology Department of Sichuan Province
(N0.2019YFS0514, 2019); the Key R & D projects in Sichuan Province
(No.2020YFS0399, 2020).



Q. Nian et al.

References

[1]
[2]
[3]

[4]

[5]

[6

—

[7

—

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

E.M. Rosset, A.D. Bradshaw, SPARC/osteonectin in mineralized tissue, Matrix
Biol.: J. Int. Soc. Matrix Biol. 52-54 (2016) 78-87.

Q. Yan, E.H.S.P.A.R.C. Sage, A matricellular glycoprotein with important
biological functions, J. Histochem. Cytochem. 47 (12) (1999) 1495-1505.

T.R. Cox, J.T. Erler, Remodeling and homeostasis of the extracellular matrix:
implications for fibrotic diseases and cancer, Dis. Model Mech. 4 (2) (2011)
165-178.

S. Mukherjee, M.J. Choi, S.W. Kim, J.W. Yun, Secreted protein acidic and rich in
cysteine (SPARC) regulates thermogenesis in white and brown adipocytes, Mol.
Cell. Endocrinol. 506 (2020), 110757.

G. Mazzolini, C. Atorrasagasti, A. Onorato, E. Peixoto, M. Schlattjan, J.P. Sowa,
S. Sydor, G. Gerken, A. Canbay, SPARC expression is associated with hepatic
injury in rodents and humans with non-alcoholic fatty liver disease, Sci. Rep. 8
(1) (2018) 725.

S.A. Arnold, R.A. Brekken, SPARC: a matricellular regulator of tumorigenesis,
J. Cell Commun. Signal. 3 (3) (2009) 255-273.

H.J. Riley, R.R. Kelly, A.O. Van Laer, L.S. Neff, S. Dasgupta, C.F. Baicu, L.

T. McDonald, A.C. LaRue, M.R. Zile, A.D. Bradshaw, SPARC production by bone
marrow-derived cells contributes to myocardial fibrosis in pressure overload, Am.
J. Physiol. Heart Circ. Physiol. 320 (2) (2021) H604-h612.

M.E. Bolander, M.F. Young, L.W. Fisher, Y. Yamada, J.D. Termine, Osteonectin
cDNA sequence reveals potential binding regions for calcium and hydroxyapatite
and shows homologies with both a basement membrane protein (SPARC) and a
serine proteinase inhibitor (ovomucoid), Proc. Natl. Acad. Sci. USA 85 (9) (1988)
2919-2923.

G.P.C. Nagaraju, D. Sharma, Anti-cancer role of SPARC, an inhibitor of
adipogenesis, Cancer Treat. Rev. 37 (7) (2011) 559-566.

R.B. Vernon, H. Sage, The calcium-binding protein SPARC is secreted by Leydig
and Sertoli cells of the adult mouse testis, Biol. Reprod. 40 (6) (1989) 1329-1340.
J. Kzhyshkowska, G. Workman, M. Cardé-Vila, W. Arap, R. Pasqualini,

A. Gratchev, L. Krusell, S. Goerdt, E.H. Sage, Novel function of alternatively
activated macrophages: stabilin-1-mediated clearance of SPARC, J. Immunol. 176
(10) (2006) 5825-5832.

M.S. Weaver, G. Workman, E.H. Sage, The copper binding domain of SPARC
mediates cell survival in vitro via interaction with integrin betal and activation of
integrin-linked kinase, J. Biol. Chem. 283 (33) (2008) 22826-22837.

O. Kassar, S. Ben Amor, Y. Fakhfakh, R. Kharrat, R. Maalej, J. Feki, M. Elloumi,
Isolated optic nerve infiltration as a site of relapse of acute lymphoblastic
leukemia, Tunis. Med. 97 (7) (2019) 925-928.

T.H. Barker, G. Baneyx, M. Cardé-Vila, G.A. Workman, M. Weaver, P.M. Menon,
S. Dedhar, S.A. Rempel, W. Arap, R. Pasqualini, V. Vogel, E.H. Sage, SPARC
regulates extracellular matrix organization through its modulation of integrin-
linked kinase activity, J. Biol. Chem. 280 (43) (2005) 36483-36493.

N. Dejeans, O. Pluquet, S. Lhomond, F. Grise, M. Bouchecareilh, A. Juin,

M. Meynard-Cadars, A. Bidaud-Meynard, C. Gentil, V. Moreau, F. Saltel,

E. Chevet, Autocrine control of glioma cells adhesion and migration through
IREla-mediated cleavage of SPARC mRNA, J. Cell Sci. 125 (Pt 18) (2012)
4278-4287.

A.D. Bradshaw, The role of SPARC in extracellular matrix assembly, J. Cell
Commun. Signal. 3 (3-4) (2009) 239-246.

E.W. Raines, T.F. Lane, M.L. Iruela-Arispe, R. Ross, E.H. Sage, The extracellular
glycoprotein SPARC interacts with platelet-derived growth factor (PDGF)-AB and
-BB and inhibits the binding of PDGF to its receptors, Proc. Natl. Acad. Sci. USA
89 (4) (1992) 1281-1285.

J.J. van Dongen, L. Lhermitte, S. Bottcher, J. Almeida, V.H. van der Velden,

J. Flores-Montero, A. Rawstron, V. Asnafi, Q. Lécrevisse, P. Lucio, E. Mejstrikova,
T. Szczepanski, T. Kalina, R. de Tute, M. Briiggemann, L. Sedek, M. Cullen, A.
W. Langerak, A. Mendonca, E. Macintyre, M. Martin-Ayuso, O. Hrusak, M.

B. Vidriales, A. Orfao, L. EuroFlow Consortium (EU-, EuroFlow antibody panels
for standardized n-dimensional flow cytometric immunophenotyping of normal,
reactive and malignant leukocytes, Leukemia 26 (9) (2012) 1908-1975.

M.N. Kundranda, J. Niu, Albumin-bound paclitaxel in solid tumors: clinical
development and future directions, Drug Des. Devel Ther. 9 (2015) 3767-3777.
X. Xia, Z. Hu, M. Marquez, Physically bonded nanoparticle networks: a novel drug
delivery system, J. Control Release 103 (1) (2005) 21-30.

Y. Deng, X. Zhang, H. Shen, Q. He, Z. Wu, W. Liao, M. Yuan, Application of the
nano-drug delivery system in treatment of cardiovascular diseases, Front Bioeng.
Biotechnol. 7 (2019) 489.

G.A. Croci, R.K.H. Au-Yeung, S. Reinke, A.M. Staiger, K. Koch, I. Oschlies,

J. Richter, V. Poeschel, G. Held, M. Loeffler, L. Triimper, A. Rosenwald, G. Ott,
R. Spang, B. Altmann, M. Ziepert, W. Klapper, SPARC-positive macrophages are
the superior prognostic factor in the microenvironment of diffuse large B-cell
lymphoma and independent of MYC rearrangement and double-/triple-hit status,
Ann. Oncol. 32 (11) (2021) 1400-1409.

M.A. Spinner, R.H. Advani, Current frontline treatment of diffuse large B-cell
lymphoma, Oncology 36 (1) (2022) 51-58.

P.J. Pan, J.X. Liu, Diagnostic and prognostic value of secreted protein acidic and
rich in cysteine in the diffuse large B-cell lymphoma, World J. Clin. Cases 9 (22)
(2021) 6287-6299.

P.N. Meyer, K. Fu, T. Greiner, L. Smith, J. Delabie, R. Gascoyne, G. Ott,

A. Rosenwald, R. Braziel, E. Campo, J. Vose, G. Lenz, L. Staudt, W. Chan, D.

D. Weisenburger, The stromal cell marker SPARC predicts for survival in patients
with diffuse large B-cell lymphoma treated with rituximab, Am. J. Clin. Pathol.
135 (1) (2011) 54-61.

[26]

[27]

[28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

Biomedicine & Pharmacotherapy 153 (2022) 113519

AL Cioroianu, P.I. Stinga, L. Sticlaru, M.D. Cioplea, L. Nichita, C. Popp,

F. Staniceanu, Tumor microenvironment in diffuse large B-cell lymphoma: role
and prognosis, Anal. Cell. Pathol. 2019 (2019), 8586354, 8586354-8586354.
A.G. Abdou, N. Asaad, M. Kandil, M. Shabaan, A. Shams, Significance of stromal-
1 and stromal-2 signatures and biologic prognostic model in diffuse large B-cell
lymphoma, Cancer Biol. Med. 14 (2) (2017) 151-161.

S. Brandt, C. Montagna, A. Georgis, P.J. Schiiffler, M.M. Biihler, B. Seifert,

T. Thiesler, A. Curioni-Fontecedro, I. Hegyi, S. Dehler, V. Martin, M. Tinguely,
D. Soldini, The combined expression of the stromal markers fibronectin and
SPARC improves the prediction of survival in diffuse large B-cell lymphoma, Exp.
Hematol. Oncol. 2 (1) (2013) 27.

S.V. Rajkumar, S. Kumar, Multiple myeloma current treatment algorithms, Blood
Cancer J. 10 (9) (2020) 94.

E.M. Smith, K. Boyd, F.E. Davies, The potential role of epigenetic therapy in
multiple myeloma, Br. J. Haematol. 148 (5) (2010) 702-713.

Q. Pan, T. Li, Z. Luo, P. Pan, Expression of cysteine-rich secreted acidic protein in
multiple myeloma and its effect on the biological behavior of cancer cells, Evid.
-Based Complement. Altern. Med. 2021 (2021), 6101060.

L.-H. Zhang, M. Adams, J. Kosek, P.H. Schafer, J.B. Bartlett, Lenalidomide
inhibits multiple myeloma cell proliferation in vitro via its effect on expression of
oncogenes and tumor suppressor genes, Blood 114 (22) (2009), 2855-2855.

G. Heller, W.M. Schmidt, B. Ziegler, S. Holzer, L. Miillauer, M. Bilban, C.

C. Zielinski, J. Drach, S. Zochbauer-Miiller, Genome-wide transcriptional
response to 5-Aza-2'-deoxycytidine and trichostatin A in multiple myeloma cells,
Cancer Res. 68 (1) (2008) 44-54.

Q. Wang, Q. Yang, A. Zhang, Z. Kang, Y. Wang, Z. Zhang, Silencing of SPARC
represses heterotopic ossification via inhibition of the MAPK signaling pathway,
Biosci. Rep. 39 (2019) 11.

S. Venugopal, J. Mascarenhas, D.P. Steensma, Loss of 5q in myeloid malignancies
- A gain in understanding of biological and clinical consequences, Blood Rev. 46
(2021), 100735.

LA. Voutsadakis, A. Cairoli, A critical review of the molecular pathophysiology of
lenalidomide sensitivity in 5q - myelodysplastic syndromes, Leuk. Lymphoma 53
(5) (2012) 779-788.

R.K. Schneider, V. Adema, D. Heckl, M. Jéards, M. Mallo, A.M. Lord, L.P. Chu, M.
E. McConkey, R. Kramann, A. Mullally, R. Bejar, F. Solé, B.L. Ebert, Role of casein
kinase 1A1 in the biology and targeted therapy of del(5q) MDS, Cancer Cell 26 (4)
(2014) 509-520.

B.L. Ebert, Molecular dissection of the 5q deletion in myelodysplastic syndrome,
Semin. Oncol. 38 (5) (2011) 621-626.

G. Kerdivel, V. Chesnais, E. Becht, A. Toma, N. Cagnard, F. Dumont, A. Rousseau,
P. Fenaux, S. Chevret, N. Chapuis, V. Boeva, W.H. Fridman, M. Fontenay,

O. Kosmider, Lenalidomide-mediated erythroid improvement in non-del(5q)
myelodysplastic syndromes is associated with bone marrow immuno-remodeling,
Leukemia 32 (2) (2018) 558-562.

A. Pellagatti, M. Jadersten, A.M. Forsblom, H. Cattan, B. Christensson, E.

K. Emanuelsson, M. Merup, L. Nilsson, J. Samuelsson, B. Sander, J.S. Wainscoat,
J. Boultwood, E. Hellstrom-Lindberg, Lenalidomide inhibits the malignant clone
and up-regulates the SPARC gene mapping to the commonly deleted region in 5q-
syndrome patients, Proc. Natl. Acad. Sci. USA 104 (27) (2007) 11406-11411.
K. Siva, P. Jaako, K. Miharada, E. Rorby, M. Ehinger, G. Karlsson, S. Karlsson,
SPARC is dispensable for murine hematopoiesis, despite its suspected
pathophysiological role in 5g-myelodysplastic syndrome, Leukemia 26 (11)
(2012) 2416-24109.

A. Pellagatti, M. Jadersten, A.M. Forsblom, H. Cattan, B. Christensson, E.

K. Emanuelsson, M. Merup, L. Nilsson, J. Samuelsson, B. Sander, J.S. Wainscoat,
J. Boultwood, E. Hellstrom-Lindberg, Lenalidomide inhibits the malignant clone
and up-regulates the SPARC gene mapping to the commonly deleted region in 5q-
syndrome patients, Proc. Natl. Acad. Sci. USA 104 (27) (2007) 11406-11411.
Y.-C. Hsieh, K. Kirschner, M. Copland, Improving outcomes in chronic myeloid
leukemia through harnessing the immunological landscape, Leukemia 35 (5)
(2021) 1229-1242.

N.A. McNeer, J. Philip, H. Geiger, R.E. Ries, V.P. Lavallée, M. Walsh, M. Shah,
K. Arora, A.K. Emde, N. Robine, T.A. Alonzo, E.A. Kolb, A.S. Gamis, M. Smith, D.
S. Gerhard, J. Guidry-Auvil, S. Meshinchi, A. Kentsis, Genetic mechanisms of
primary chemotherapy resistance in pediatric acute myeloid leukemia, Leukemia
33 (8) (2019) 1934-1943.

D. Heim, M. Ebnéther, G. Favre, [Chronic myeloid leukemia - update 2020], Ther.
Umsch. 76 (9) (2019) 503-509.

F. Tadesse, G. Asres, A. Abubeker, A. Gebremedhin, J. Radich, Spectrum of BCR-
ABL mutations and treatment outcomes in ethiopian imatinib-resistant patients
with chronic myeloid leukemia, JCO Glob. Oncol. 7 (2021) 1187-1193.

C. Giallongo, P. La Cava, D. Tibullo, I. Barbagallo, N. Parrinello, A. Cupri,

F. Stagno, C. Consoli, A. Chiarenza, G.A. Palumbo, F. Di Raimondo, SPARC
expression in CML is associated to imatinib treatment and to inhibition of
leukemia cell proliferation, BMC Cancer 13 (2013) 60.

S. Claudiani, J.F. Apperley, The argument for using imatinib in CML, Hematol.
Am. Soc. Hematol. Educ. Program 2018 (1) (2018) 161-167.

F. Moiseenko, M. Stepanova, A. Zhabina, A. Myslik, V. Klimenko, D. Krylova,
N. Rysev, N. Volkov, V. Moiseenko, P2.14-30 predictive value of ctDNA in
patients with EGFR positive NSCLC receiving 3rd generation TKI, J. Thorac.
Oncol. 14 (10) (2019) S841.

M. Rouhimoghadam, A.D. Pomicter, A. Van Scoyk, G. Poffenberger, 1. Kirov, L.
G. Nashev, H. Zhao, M. Martinov, M.W. Deininger, Exploiting LY3009120 and
asciminib combination to target TKI-resistant CML, Blood 138 (2021) 3600.


http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref1
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref1
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref2
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref2
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref3
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref3
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref3
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref4
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref4
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref4
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref5
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref5
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref5
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref5
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref6
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref6
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref7
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref7
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref7
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref7
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref8
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref8
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref8
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref8
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref8
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref9
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref9
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref10
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref10
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref11
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref11
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref11
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref11
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref12
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref12
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref12
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref13
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref13
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref13
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref14
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref14
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref14
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref14
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref15
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref15
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref15
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref15
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref15
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref16
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref16
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref17
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref17
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref17
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref17
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref18
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref18
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref18
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref18
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref18
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref18
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref18
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref19
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref19
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref20
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref20
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref21
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref21
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref21
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref22
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref22
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref22
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref22
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref22
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref22
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref23
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref23
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref24
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref24
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref24
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref25
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref25
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref25
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref25
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref25
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref26
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref26
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref26
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref27
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref27
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref27
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref28
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref28
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref28
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref28
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref28
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref29
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref29
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref30
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref30
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref31
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref31
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref31
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref32
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref32
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref32
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref33
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref33
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref33
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref33
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref34
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref34
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref34
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref35
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref35
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref35
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref36
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref36
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref36
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref37
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref37
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref37
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref37
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref38
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref38
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref39
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref39
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref39
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref39
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref39
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref40
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref40
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref40
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref40
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref40
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref41
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref41
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref41
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref41
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref42
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref42
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref42
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref42
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref42
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref43
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref43
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref43
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref44
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref44
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref44
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref44
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref44
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref45
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref45
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref46
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref46
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref46
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref47
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref47
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref47
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref47
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref48
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref48
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref49
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref49
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref49
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref49
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref50
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref50
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref50

Q. Nian et al.

[51]

[52]

[53]

[54]

[55]
[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

C. Atorrasagasti, M. Malvicini, J.B. Aquino, L. Alaniz, M. Garcia, M. Bolontrade,
M. Rizzo, O.L. Podhajcer, G. Mazzolini, Overexpression of SPARC obliterates the
in vivo tumorigenicity of human hepatocellular carcinoma cells, Int J. Cancer 126
(11) (2010) 2726-2740.

L.T. Tai, M. Dai, D.A. Owen, L.B. Chen, Genome-wide expression analysis of
therapy-resistant tumors reveals SPARC as a novel target for cancer therapy,

J. Clin. Invest 115 (6) (2005) 1492-1502.

C. Giallongo, P. La Cava, D. Tibullo, I. Barbagallo, N. Parrinello, A. Cupri,

F. Stagno, C. Consoli, A. Chiarenza, G.A. Palumbo, F. Di Raimondo, SPARC
expression in CML is associated to imatinib treatment and to inhibition of
leukemia cell proliferation, BMC Cancer 13 (2013) 60, 60-60.

N. Fenouille, A. Puissant, M. Dufies, G. Robert, A. Jacquel, M. Ohanna,

M. Deckert, J.M. Pasquet, F.X. Mahon, J.P. Cassuto, S. Raynaud, S. Tartare-
Deckert, P. Auberger, Persistent activation of the Fyn/ERK kinase signaling axis
mediates imatinib resistance in chronic myelogenous leukemia cells through
upregulation of intracellular SPARC, Cancer Res 70 (23) (2010) 9659-9670.

1. De Kouchkovsky, M. Abdul-Hay, *Acute myeloid leukemia: a comprehensive
review and 2016 update’, Blood Cancer J. 6 (7) (2016) 441, e441-e441.

L.F. Newell, R.J. Cook, Advances in acute myeloid leukemia, Bmj 375 (2021)
n2026.

H. Alachkar, R. Santhanam, K. Maharry, K.H. Metzeler, X. Huang, J. Kohlschmidt,
J.H. Mendler, J.M. Benito, C. Hickey, P. Neviani, A.M. Dorrance, M. Anghelina,
J. Khalife, S.S. Tarighat, S. Volinia, S.P. Whitman, P. Paschka, P. Hoellerbauer, Y.
Z. Wu, L. Han, B.N. Bolon, W. Blum, K. Mroézek, A.J. Carroll, D. Perrotti,

M. Andreeff, M.A. Caligiuri, M. Konopleva, R. Garzon, C.D. Bloomfield,

G. Marcucci, SPARC promotes leukemic cell growth and predicts acute myeloid
leukemia outcome, J. Clin. Investig. 124 (4) (2014) 1512-1524.

J.Hu, Y. Ma, J. Ma, S. Chen, X. Zhang, S. Guo, Z. Huang, T. Yue, Y. Yang, Y. Ning,
J. Zhu, P. Wang, X. Wang, G. Chen, Y. Liu, Macrophage-derived SPARC
Attenuates M2-mediated Pro-tumour Phenotypes, J. Cancer 11 (10) (2020)
2981-2992.

P.C. McDonald, A.B. Fielding, S. Dedhar, Integrin-linked kinase--essential roles in
physiology and cancer biology, J. Cell Sci. 121 (Pt 19) (2008) 3121-3132.

W. Chang, K. Wei, S.S. Jacobs, D. Upadhyay, D. Weill, G.D. Rosen, SPARC
suppresses apoptosis of idiopathic pulmonary fibrosis fibroblasts through
constitutive activation of p-Catenin *, J. Biol. Chem. 285 (11) (2010) 8196-8206.
J. Nie, E.H. Sage, SPARC inhibits adipogenesis by its enhancement of beta-catenin
signaling, J. Biol. Chem. 284 (2) (2009) 1279-1290.

H. Alachkar, R. Santhanam, K. Maharry, K.H. Metzeler, X. Huang, J. Kohlschmidt,
J.H. Mendler, J.M. Benito, C. Hickey, P. Neviani, A.M. Dorrance, M. Anghelina,
J. Khalife, S.S. Tarighat, S. Volinia, S.P. Whitman, P. Paschka, P. Hoellerbauer, Y.
Z. Wu, L. Han, B.N. Bolon, W. Blum, K. Mroézek, A.J. Carroll, D. Perrotti,

M. Andreeff, M.A. Caligiuri, M. Konopleva, R. Garzon, C.D. Bloomfield,

G. Marcucci, SPARC promotes leukemic cell growth and predicts acute myeloid
leukemia outcome, J. Clin. Invest 124 (4) (2014) 1512-1524.

J.F. DiMartino, N.J. Lacayo, M. Varadi, L. Li, C. Saraiya, Y. Ravindranath, R. Yu,
B.IL Sikic, S.C. Raimondi, G.V. Dahl, Low or absent SPARC expression in acute
myeloid leukemia with MLL rearrangements is associated with sensitivity to
growth inhibition by exogenous SPARC protein, Leukemia 20 (3) (2006)
426-432.

N.D. Sharma, E. Keewan, K. Matlawska-Wasowska, Metabolic reprogramming
and cell adhesion in acute leukemia adaptation to the CNS niche, Front Cell Dev.
Biol. 9 (2021), 767510.

O. Hermine, J.C. Ramos, K. Tobinai, A review of new findings in adult t-cell
leukemia-lymphoma: a focus on current and emerging treatment strategies, Adv.
Ther. 35 (2) (2018) 135-152.

K. Tsukasaki, K. Tobinai, Human T-cell lymphotropic virus type I-associated adult
T-cell leukemia-lymphoma: new directions in clinical research, Clin. Cancer Res
20 (20) (2014) 5217-5225.

J. Filho, H. Culler, D. Levy, K. Oliveira, D. Nogueira, L. Almeida, V. Rocha,

Y. Nukui, L. Lage, J. Pereira, Inmune senescence-related gene expression profile
in CD4+ T-Lymphocytes of HTLV-1 asymptomatic carriers and patients with adult
T-cell leukemia/lymphoma (ATLL): a Brazilian preliminary study, Hematol.,
Transfus. Cell Ther. 43 (2021) S72.

J.H. Ohyashiki, R. Hamamura, C. Kobayashi, Y. Zhang, K. Ohyashiki, A network
biology approach evaluating the anticancer effects of bortezomib identifies
SPARC as a therapeutic target in adult T-cell leukemia cells, Adv. Appl. Bioinform
Chem. 1 (2008) 85-98.

T. Terwilliger, M. Abdul-Hay, Acute lymphoblastic leukemia: a comprehensive
review and 2017 update, Blood Cancer J. 7 (6) (2017) 577, e577-e577.

E. Gorshein, S. Kalathil, M. Gharibo, Prolonged survival of acute lymphoblastic
leukemia with intrathecal treatments for isolated central nervous system relapse,
Case Rep. Hematol. 2018 (2018), 8765285.

J.C. Barredo, M. Devidas, S.J. Lauer, A. Billett, M. Marymont, J. Pullen,

B. Camitta, N. Winick, W. Carroll, A.K. Ritchey, Isolated CNS relapse of acute
lymphoblastic leukemia treated with intensive systemic chemotherapy and
delayed CNS radiation: a pediatric oncology group study, J. Clin. Oncol. 24 (19)
(2006) 3142-3149.

F. Mo, X. Ma, X. Liu, R. Zhou, Y. Zhao, H. Zhou, Altered CSF proteomic profiling
of paediatric acute lymphocytic leukemia patients with CNS infiltration, J. Oncol.
2019 (2019), 3283629.

H. Alachkar, R. Santhanam, K. Maharry, K.H. Metzeler, X. Huang, J. Kohlschmidt,
J.H. Mendler, J.M. Benito, C. Hickey, P. Neviani, A.M. Dorrance, M. Anghelina,
J. Khalife, S.S. Tarighat, S. Volinia, S.P. Whitman, P. Paschka, P. Hoellerbauer, Y.
Z. Wu, L. Han, B.N. Bolon, W. Blum, K. Mroézek, A.J. Carroll, D. Perrotti,

M. Andreeff, M.A. Caligiuri, M. Konopleva, R. Garzon, C.D. Bloomfield,

[74]

[75]

[76]

[77]

[78]

[79]

[801]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

Biomedicine & Pharmacotherapy 153 (2022) 113519

G. Marcucci, SPARC promotes leukemic cell growth and predicts acute myeloid
leukemia outcome, J. Clin. Invest 124 (4) (2014) 1512-1524.

L. Malania, I. Wagenaar, O. Karatuna, A. Tambic Andrasevic, D. Tsereteli,

M. Baidauri, P. Imnadze, S. Nahrgang, C. Ruesen, Setting up laboratory-based
antimicrobial resistance surveillance in low- and middle-income countries:
lessons learned from Georgia, Clin. Microbiol Infect. 27 (10) (2021) 1409-1413.
S. Paul, N.J. Short, Central nervous system involvement in adults with acute
leukemia: diagnosis, prevention, and management, Curr. Oncol. Rep. 24 (4)
(2022) 427-436.

H. Yao, [Central nervous system involvement in acute lymphoblastic leukemia],
Rinsho Ketsueki 60 (9) (2019) 1212-1220.

I. Lindner, N.Y. Hemdan, M. Buchold, K. Huse, M. Bigl, I. Oerlecke, A. Ricken,
F. Gaunitz, U. Sack, A. Naumann, M. Hollborn, D. Thal, R. Gebhardt,

G. Birkenmeier, Alpha2-macroglobulin inhibits the malignant properties of
astrocytoma cells by impeding beta-catenin signaling, Cancer Res 70 (1) (2010)
277-287.

Y. Pan, L. Deng, H. Wang, K. He, Q. Xia, Histidine-rich glycoprotein (HRGP):
Pleiotropic and paradoxical effects on macrophage, tumor microenvironment,
angiogenesis, and other physiological and pathological processes, Genes Dis. 9 (2)
(2022) 381-392.

M. Matboli, S. Eissa, H. Said, Evaluation of histidine-rich glycoprotein tissue RNA
and serum protein as novel markers for breast cancer, Med Oncol. 31 (4) (2014)
897.

S.H. Park, M.J. Lee, C.J. Park, S. Jang, E.J. Seo, H.J. Im, J.J. Seo, Bone marrow
recovery of hematopoietic stem cells and microenvironment after chemotherapy
in childhood acute lymphoblastic leukemia: consecutive observations according
to chemotherapy schedule, Pedia Hematol. Oncol. 36 (4) (2019) 222-235.

J.K. Patra, G. Das, L.F. Fraceto, E. Campos, M. Rodriguez-Torres, L.S. Acosta-
Torres, L.A. Diaz-Torres, R. Grillo, M.K. Swamy, S. Sharma, S. Habtemariam, H.
S. Shin, Nano based drug delivery systems: recent developments and future
prospects, J. Nanobiotechnology 16 (1) (2018) 71.

A. Pallotta, 1. Clarot, J. Sobocinski, E. Fattal, A. Boudier, Nanotechnologies for
medical devices: potentialities and risks, ACS Appl. Bio Mater. 2 (1) (2019) 1-13.
D.R. Spigel, R.M. Jotte, S.P. Aix, L. Gressot, D. Morgensztern, M. McCleod, M.
A. Socinski, D. Daniel, O. Juan-Vidal, K.F. Mileham, H. West, R. Page,

N. Reinmuth, J. Knoble, T. Chen, R. Bhore, M. Wolfsteiner, T.J. Ong, C. Gridelli,
M. Thomas, I. ABOUND.sqm, Nanoparticle albumin-bound paclitaxel plus
carboplatin induction followed by nanoparticle albumin-bound paclitaxel
maintenance in squamous non-small-cell lung cancer (ABOUND.sqm): a phase III
randomized clinical trial, Clin. Lung Cancer 22 (1) (2021) 6-15, 6-15 el4.

Y. Yoneshima, S. Morita, M. Ando, A. Nakamura, S. Iwasawa, H. Yoshioka,

Y. Goto, M. Takeshita, T. Harada, K. Hirano, T. Oguri, M. Kondo, S. Miura,

Y. Hosomi, T. Kato, T. Kubo, J. Kishimoto, N. Yamamoto, Y. Nakanishi,

1. Okamoto, Phase 3 Trial Comparing Nanoparticle Albumin-Bound Paclitaxel
With Docetaxel for Previously Treated Advanced NSCLC, J. Thorac. Oncol. 16 (9)
(2021) 1523-1532.

P.A. Philip, J. Lacy, F. Portales, A. Sobrero, R. Pazo-Cid, J.L. Manzano Mozo, E.
J. Kim, S. Dowden, A. Zakari, C. Borg, E. Terrebonne, F. Rivera, J. Sastre,

V. Bathini, D. Lopez-Trabada, J. Asselah, M.W. Saif, J. Shiansong Li, T.J. Ong,
T. Nydam, P. Hammel, Nab-paclitaxel plus gemcitabine in patients with locally
advanced pancreatic cancer (LAPACT): a multicentre, open-label phase 2 study,
Lancet Gastroenterol. Hepatol. 5 (3) (2020) 285-294.

D.D. Von Hoff, R. Ramanathan, M. Borad, D. Laheru, L. Smith, T. Wood, R. Korn,
N. Desai, J. Iglesias, M. Hidalgo, SPARC correlation with response to gemcitabine
(G) plus nab-paclitaxel (nab-P) in patients with advanced metastatic pancreatic
cancer: a phase I/1I study, J. Clin. Oncol. 27 (15_suppl) (2009) 4525, 4525-4525.
S.E. Al-Batran, M. Geissler, T. Seufferlein, H. Oettle, Nab-paclitaxel for metastatic
pancreatic cancer: clinical outcomes and potential mechanisms of action, Oncol.
Res Treat. 37 (3) (2014) 128-134.

M. Tachihara, T. Kiriu, A. Hata, Y. Hatakeyama, K. Nakata, T. Nagano,

M. Yamamoto, K. Kobayashi, H. Ohnishi, N. Katakami, Y. Nishimura, A multi-
center, Phase II trial of nab-paclitaxel and gemcitabine in patients with non-small-
cell lung cancer previously treated with platinum-based chemotherapy, Cancer
Manag Res 11 (2019) 7135-7140.

G. Pascual-Pasto, H. Castillo-Ecija, N. Unceta, R. Aschero, C. Resa-Pares,

A. Gomez-Caballero, M. Vila-Ubach, O. Munoz-Aznar, M. Sunol, V. Burguefio,
S. Gomez-Gonzalez, A. Sosnik, M. Ibarra, P. Schaiquevich, E. de Alava, O.

M. Tirado, J. Mora, A.M. Carcaboso, SPARC-mediated long-term retention of nab-
paclitaxel in pediatric sarcomas, J. Control. Release 342 (2022) 81-92.

N. Desai, V. Trieu, B. Damascelli, P. Soon-Shiong, SPARC expression correlates
with tumor response to albumin-bound paclitaxel in head and neck cancer
patients, Transl. Oncol. 2 (2) (2009) 59-64.

M. Loh, W. Zhang, H.K. Ng, K. Schmid, A. Lamri, L. Tong, M. Ahmad, J.J. Lee,
M. Ng, L.E. Petty, C.N. Spracklen, F. Takeuchi, M.T. Islam, F. Jasmine,

A. Kasturiratne, M. Kibriya, K.L. Mohlke, G. Paré, G. Prasad, M. Shahriar, M.

L. Chee, H.J. de Silva, J.C. Engert, H.C. Gerstein, K.R. Mani, C. Sabanayagam,
M. Vujkovic, A.R. Wickremasinghe, T.Y. Wong, C.S. Yajnik, S. Yusuf, H. Ahsan,
D. Bharadwaj, S.S. Anand, J.E. Below, M. Boehnke, D.W. Bowden, G.R. Chandak,
C.Y. Cheng, N. Kato, A. Mahajan, X. Sim, M.I. McCarthy, A.P. Morris, J.S. Kooner,
D. Saleheen, J.C. Chambers, Identification of genetic effects underlying type 2
diabetes in South Asian and European populations, Commun. Biol. 5 (1) (2022)
329.

K. Komiya, T. Nakamura, C. Nakashima, K. Takahashi, H. Umeguchi,

N. Watanabe, A. Sato, Y. Takeda, S. Kimura, N. Sueoka-Aragane, SPARC is a
possible predictive marker for albumin-bound paclitaxel in non-small-cell lung
cancer, OncoTargets Ther. 9 (2016) 6663-6668.


http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref51
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref51
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref51
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref51
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref52
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref52
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref52
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref53
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref53
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref53
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref53
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref54
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref54
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref54
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref54
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref54
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref55
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref55
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref56
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref56
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref57
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref57
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref57
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref57
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref57
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref57
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref57
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref58
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref58
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref58
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref58
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref59
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref59
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref60
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref60
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref60
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref61
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref61
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref62
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref62
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref62
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref62
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref62
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref62
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref62
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref63
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref63
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref63
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref63
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref63
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref64
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref64
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref64
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref65
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref65
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref65
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref66
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref66
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref66
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref67
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref67
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref67
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref67
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref67
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref68
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref68
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref68
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref68
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref69
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref69
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref70
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref70
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref70
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref71
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref71
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref71
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref71
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref71
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref72
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref72
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref72
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref73
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref73
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref73
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref73
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref73
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref73
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref73
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref74
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref74
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref74
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref74
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref75
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref75
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref75
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref76
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref76
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref77
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref77
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref77
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref77
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref77
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref78
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref78
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref78
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref78
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref79
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref79
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref79
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref80
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref80
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref80
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref80
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref81
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref81
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref81
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref81
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref82
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref82
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref83
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref83
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref83
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref83
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref83
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref83
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref83
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref84
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref84
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref84
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref84
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref84
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref84
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref85
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref85
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref85
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref85
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref85
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref85
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref86
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref86
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref86
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref86
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref87
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref87
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref87
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref88
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref88
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref88
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref88
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref88
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref89
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref89
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref89
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref89
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref89
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref90
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref90
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref90
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref91
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref91
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref91
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref91
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref91
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref91
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref91
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref91
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref91
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref91
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref92
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref92
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref92
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref92

Q. Nian et al.

[93]

[94]

[95]

[96]

[97]
[98]

[99]

[100]

[101]

J. Vaz, D. Ansari, A. Sasor, R. Andersson, SPARC: a potential prognostic and
therapeutic target in pancreatic cancer, Pancreas 44 (7) (2015) 1024-1035.

S. Ormanns, M. Haas, S. Baechmann, A. Altendorf-Hofmann, A. Remold,

D. Quietzsch, M.R. Clemens, M. Bentz, M. Geissler, H. Lambertz, S. Kruger,

T. Kirchner, V. Heinemann, S. Boeck, Impact of SPARC expression on outcome in
patients with advanced pancreatic cancer not receiving nab-paclitaxel: a pooled
analysis from prospective clinical and translational trials, Br. J. Cancer 115 (12)
(2016) 1520-1529.

G. Sanita, P. Armanetti, B. Silvestri, B. Carrese, G. Cali, G. Pota, A. Pezzella,

M. d’Ischia, G. Luciani, L. Menichetti, A. Lamberti, Albumin-modified melanin-
silica hybrid nanoparticles target breast cancer cells via a SPARC-dependent
mechanism, Front Bioeng. Biotechnol. 8 (2020) 765.

S. Johansen, A.K. Brenner, S. Bartaula-Brevik, H. Reikvam, @. Bruserud, The
possible importance of B3 integrins for leukemogenesis and chemoresistance in
acute myeloid leukemia, Int. J. Mol. Sci. 19 (1) (2018) 251.

C. David, J.P. Nance, J. Hubbard, M. Hsu, D. Binder, E.H. Wilson, Stabilin-1
expression in tumor associated macrophages, Brain Res. 1481 (2012) 71-78.

T. Byzova, Integrins in bone recognition and metastasis, J. Musculoskelet. Neuron
Inter. 4 (4) (2004) 374.

J. Kzhyshkowska, A. Gratchev, C. Schmuttermaier, H. Brundiers, L. Krusell,

S. Mamidi, J. Zhang, G. Workman, E.H. Sage, C. Anderle, P. Sedlmayr, S. Goerdt,
Alternatively activated macrophages regulate extracellular levels of the hormone
placental lactogen via receptor-mediated uptake and transcytosis, J. Immunol.
180 (5) (2008) 3028-3037.

D.Y. Huang, Y.T. Lin, P.S. Jan, Y.C. Hwang, S.T. Liang, Y. Peng, C.Y. Huang, H.
C. Wu, C.T. Lin, Transcription factor SOX-5 enhances nasopharyngeal carcinoma
progression by down-regulating SPARC gene expression, J. Pathol. 214 (4) (2008)
445-455.

H. Zhou, X.G. Xia, Z. Xu, An RNA polymerase II construct synthesizes short-
hairpin RNA with a quantitative indicator and mediates highly efficient RNAi,
Nucleic Acids Res 33 (6) (2005), e62.

10

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

Biomedicine & Pharmacotherapy 153 (2022) 113519

S.L. Wong, M.B. Sukkar, The SPARC protein: an overview of its role in lung cancer
and pulmonary fibrosis and its potential role in chronic airways disease, Br. J.
Pharm. 174 (1) (2017) 3-14.

G.P. Nagaraju, R. Dontula, B.F. El-Rayes, S.S. Lakka, Molecular mechanisms
underlying the divergent roles of SPARC in human carcinogenesis, Carcinogenesis
35 (5) (2014) 967-973.

F. Prada, L.G. Benedetti, A.I. Bravo, M.J. Alvarez, C. Carbone, O.L. Podhajcer,
SPARC endogenous level, rather than fibroblast-produced SPARC or stroma
reorganization induced by SPARC, is responsible for melanoma cell growth,

J. Invest Dermatol. 127 (11) (2007) 2618-2628.

J. Chen, D. Shi, X. Liu, S. Fang, J. Zhang, Y. Zhao, Targeting SPARC by lentivirus-
mediated RNA interference inhibits cervical cancer cell growth and metastasis,
BMC Cancer 12 (2012) 464.

C. Naczki, B. John, C. Patel, A. Lafferty, A. Ghoneum, H. Afify, M. White, A. Davis,
G. Jin, S. Kridel, N. Said, SPARC inhibits metabolic plasticity in ovarian cancer,
Cancers 10 (10) (2018).

J.Y. Kim, D. Jeong, T.S. Ahn, H.J. Kim, D.S. Park, S.Y. Park, S.B. Bae, S. Lee, S.
S. Lee, M.S. Lee, H.D. Cho, M.J. Baek, Expression of secreted protein acidic and
rich in cysteine in the stroma of a colorectal carcinoma is associated with patient
prognosis, Ann. Coloproctol. 29 (3) (2013) 93-99.

T. Akutsu, E. Ito, M. Narita, H. Ohdaira, Y. Suzuki, M. Urashima, Effect of serum
SPARC levels on survival in patients with digestive tract cancer: a post hoc
analysis of the AMATERASU randomized clinical trial, Cancers 12 (6) (2020).

S. Sangaletti, G. Talarico, C. Chiodoni, B. Cappetti, L. Botti, P. Portararo,

A. Gulino, F.M. Consonni, A. Sica, G. Randon, M. Di Nicola, C. Tripodo, M.

P. Colombo, SPARC is a new myeloid-derived suppressor cell marker licensing
suppressive activities, Front Immunol. 10 (2019) 1369.

1. Tirado-Gonzalez, E. Czlonka, A. Nevmerzhitskaya, D. Soetopo, E. Bergonzani,
A. Mahmoud, A. Contreras, I. Jeremias, U. Platzbecker, J.P. Bourquin, U. Kloz,
F. Van der Hoeven, H. Medyouf, CRISPR/Cas9-edited NSG mice as PDX models of
human leukemia to address the role of niche-derived SPARC, Leukemia 32 (4)
(2018) 1049-1052.


http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref93
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref93
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref94
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref94
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref94
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref94
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref94
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref94
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref95
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref95
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref95
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref95
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref96
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref96
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref96
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref97
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref97
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref98
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref98
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref99
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref99
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref99
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref99
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref99
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref100
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref100
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref100
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref100
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref101
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref101
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref101
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref102
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref102
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref102
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref103
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref103
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref103
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref104
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref104
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref104
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref104
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref105
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref105
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref105
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref106
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref106
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref106
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref107
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref107
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref107
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref107
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref108
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref108
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref108
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref109
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref109
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref109
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref109
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref110
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref110
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref110
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref110
http://refhub.elsevier.com/S0753-3322(22)00908-8/sbref110

	SPARC in hematologic malignancies and novel technique for hematological disease with its abnormal expression
	1 Introduction
	2 The role of SPARC in hematological malignancies
	2.1 In the diffuse large B-cell lymphoma
	2.2 In the multiple myeloma
	2.3 In the 5q-syndrome
	2.4 In the chronic myeloid leukemia
	2.5 In the acute myeloid leukemia
	2.6 In the adult T-cell leukemia
	2.7 In the central nervous system leukemia
	2.8 New front therapies targeting SPARC

	3 Conclusion and perspective
	CRediT authorship contribution statement
	Conflict of interest statement
	Data availability
	Acknowledgments
	References


