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Abstract

In studies of antileukemic properties of flavonoids two murine cellular systems (L1210 and P388) are
widely used beside the various established human leukemia lines. Differently from conventional
clinically used chemotherapeutics, P388 cells reveal somewhat lower susceptibility towards plant
'Department of Hematology and polyphenolic agents than L1210 cells. Moreover, based on the cytotoxic analysis of different
Oncology, University of Tartu, Tartu, flavonoids, we provide some novel evidence of Burkitt's lymphoma as a human equivalent of L1210
Estonia mouse model, enabling thus the use of L1210 murine model in development of novel antilymphoma
drugs proceeding from natural polyphenols. At that, structurally different flavones can be considered
as potential lead compounds; however, the most potent flavonoid described so far in B-cell
lymphoma cells is the rotenoid deguelin, certainly requiring further /n vitroand /in vivoinvestigation.
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Introduction

It is well proven to date that numerous natural products can be
considered as a promising source of clinically useful anticancer
compounds [1]. Indeed, up to 70% of current drugs used for
fighting against cancer are originally derived from nature whereas
several agents, including vinca alkaloids, camptothecin, paclitaxel,
and etoposide are of plant origin [1, 2]. Much attention of studies of
novel anticancer agents has recently focused on the plant
secondary metabolites, flavonoids. These heterocyclic compounds
constitute a major chemopreventive part of human diet and exhibit
different pharmacological and biological activities both /7 vifro as
well as /n vivo systems [3-6]. Depending on their structure,
flavonoids can display antiinflammatory, antioxidant and anticancer
properties by inducing inactivation of carcinogens, modulating the
cell cycle, promoting apoptosis, or suppressing angiogenesis [6-8].
However, it is also generally accepted that cytotoxic action of
flavonoids measured in different cellular model systems may not
necessarily predict their biological behavior in humans due to the
rapid metabolism and conversion of these polyphenols /n vivo
conditions [9-11]. It means that established cell lines could not
always mimic the action of flavonoids /7 vivo and therefore, the
choice of appropriate model systems for studies of anticancer
properties of plant secondary metabolites is especially important.

In the current short communication, we compiled the data
published about antileukemic activity of flavonoids in murine cells
and compared them with the respective activity constants in
corresponding human cell lines. As a result, we indicate that L1210
mouse model could be considered as a human equivalent of
Burkitt's lymphoma cells in studies of various flavonoids. In
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addition, we also bring forth some characteristic features of
cytotoxic profiles of flavonoids in B-cell lymphoma cells.

Mouse leukemia models L1210 and P388

L1210 and P388 are extensively used models for investigation of
processes related to leukemogenesis both /n vitro and in vivo [12].
Indeed, most anticancer agents nowadays in clinical use were first
identified and screened by murine leukemias [13]. Both leukemia
models were induced in mouse of DBA/2 strain following painting
their skin with methylcholanthrene; L1210 and P388 cell lines were
established from murine ascitic fluid [13, 14].

Compared to human tumor xenografts, L1210 and P388 models
have some advantages but also certain limitations. Although, these
murine models are rapidly growing, homogenous and well
reproducible, neither of them is considered satisfactory to discover
novel drugs for human cancers [13, 14]. Moreover, a relatively poor
correlation was described when comparing the efficacy of different
drugs in these two mouse models as only 15% of 1564 agents
active against P388 were also active against L1210 [13]. In
general, P388 leukemia has been shown to be more sensitive than
L1210 leukemia in studies of clinically useful compounds, including
chlorambucil, mitomycin C, carboplatin, floxuridine, actinomycin D,
daunorubicin, teniposide, doxorubicin, vinca alkaloids and some
other drugs, producing a certain overprediction of their activity [13].
Despite these disadvantages, the L1210 and P388 models are still
in use today, although to a lesser extent than in previous decades,
to evaluate the anticancer activity and develop new agents but also
to study the mechanisms of drug resistance [12, 13].

L1210 and P388 leukemia cells are widely used also in studies of
anticancer effects of flavonoids (Table 1). However, differently from
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the clinically used conventional chemotherapeutics [13], P388
leukemia cells exert somewhat lower sensitivity towards flavonoids
than L1210 leukemia cells. This tendency becomes evident in the
examination of cytotoxicity of flavones luteolin [7, 15] and chrysin
[7, 16, 17], but also of flavonol galangin [7, 16] enabling some
comparative analysis (Table 1). These data further emphasize the
necessity to clarify the specific events of intracellular signaling
mechanisms triggered by flavonoids in leukemia cells.

Evaluation of human equivalent of L1210 mouse model
by cytotoxic action of flavonoids

Although L1210 and P388 are not considered as completely
satisfactory models to identify novel drugs for human malignancies
these models have a long history of use in pharmacological
screening and they are still used in numerous studies devoted to
finding of new and potent anticancer agents. At that, it has been
previously suggested that L1210 mouse model can be equivalent
to human Burkitt's lymphoma [18]. The works performed with
flavonoids also corroborate this position as the values of half
maximal inhibitory concentrations (ICsq) of isoflavone genistein are
rather similar in mouse L1210 cells [19] and various human B-cell
lymphoma lines GA10, Raji, and Toledo [19, 20], revealing at the
same time somewhat stronger potency in human B-cell acute
lymphoblastic leukemia (ALL) RS4;11 cells [20] (Tables 1 and 2).
The human cell lines used in the respective studies are well
representative of their malignant categories [20]. Likewise, flavonol
quercetin is cytotoxically active in similar micromolar doses both in
murine L1210 cells [7, 21] as well as in human Burkitt's lymphoma
cell lines Daudi and Namalwa [22] (Tables 1 and 2). Again,
prenylated chalcone xanthohumol is considerably more sensible in

B-cell ALL lines 697, ALL-PO, Nalm-6, and RS4;11 than in L1210
model [2] (Tables 1 and 2). These data show that L1210 cells may
reflect the processes occurring following exposure of human
Burkitt's lymphoma cells to flavonoids and therefore, L1210 could
be used as a model to study the potential anticancer action of
polyphenolic plant secondary metabolites in B-cell lymphoma, both
in vitro as well as in vivo.

Burkitt's lymphoma is an aggressive and very rapidly growing
malignancy in lymphatic system and its incidence is steadily
increasing. However, treatment of this cancer by using different
modalities (i.e., chemotherapy, molecularly targeted therapy,
immunotherapy) has revealed varied success rates showing that
an effective antilymphoma treatment is still highly needed [3, 23].
Therefore, identification of novel drugs for prevention and
treatment of this non-Hodgkin lymphoma is presently a major
challenge [24] and possession of appropriate model systems is a
critical prerequisite for this task.

Nevertheless, there are still not enough experimental data
available to propose or draw any clear conclusions about the
human equivalent of P388 model based on the cytotoxic action of
flavonoids.

Characteristic features of anticancer effects of

flavonoids in B-cell lymphoma cells

The data compiled in Tables 1 and 2 clearly show that different
flavones are cytotoxically active in Burkitt's lymphoma models,
both in mouse L1210 cells as well as human B-cell lymphoma
lines. Indeed, apigenin, chrysin and luteolin display antiproliferative
effects in micromolar range in murine L1210 cells (Table 1).

Table 1. Anticancer effects of flavonoids on murine lymphocytic leukemia cells /n vifro measured by cell
counting or cell viability assay (MTT assay).

Flavonoid L1210 cells P388 cells
Time, h IC50, pM Reference Time, h ICs0, tM Reference
Apigenin 24 ~10 [7]
(+)-Catechin ~72 51.7 [4]
(-)-Catechin 48 >345 [27]
Chrysin 24 >20 [7] 72 28.0£3.0 [16]
15.3 [17]
(-)-Epicatechin ~72 51.7 [4]
Galangin 24 >20 [7] 72 >185.0 [16]
Genistein 24 18.5 [19]
Hesperidin ~72 NA at 82 [4]
Luteolin 24 ~10 [7] >34.9 [15]
Morin 24 4445 [21]
Quercetin 24 47+6 [21]
24 ~10 [7]
Sulfuretin 48 120.2 1]
Xanthohumol 48 4 2]

NA, not active
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and micromolar doses of baicalein, chrysin, luteolin, and wogonin
reveal cytotoxic activity in different human Burkitt's lymphoma lines
(Table 2). At that, it is interesting that both the flavone aglycones
(baicalein) as well as their glycosides (baicalin, scutellarin) express
anticancer effects at relatively similar concentration ranges (Table
2), despite the well-known fact that sugar moieties generally
decrease the biological activity of flavonoids by impeding their

penetrating of cellular membranes as well as enhancing the steric
hinderance of molecules [21, 25, 26]. The specific signaling
pathways triggered by flavone aglycones and their glycosides in
Burkitt's lymphoma models certainly need further investigation.

The cytotoxically most potent natural flavonoid described to date in
Burkitt's lymphoma cells is the rotenoid deguelin possessing the

ICsp value of only about 50 nM [3, 5] (Table 2).

Table 2. Cytotoxicity of flavonoids on human B-cell lymphocytic leukemia and lymphoma lines measured by cell counting or
cell viability assays (MTT, XTT or Alamar blue assay).

Flavonoid Cell line Characteristics Time, h ICsp, tM Reference
Baicalein Daudi Burkitt lymphoma 48 7.0 [22]
Daudi Burkitt lymphoma 96 NAat1.7 uM [28]
Nalm-6 B-cell ALL* 96 NAat1.7 uM [28]
Namalwa Burkitt lymphoma 48 23.7 [22]
P3HR-1 Burkitt lymphoma 72 Between 39.2...75.9 [29]
Raji Burkitt ymphoma 72 Between 39.2...75.9 [29]
Baicalin CA46 Burkitt lymphoma 48 10 [23]
Daudi Burkitt lymphoma 96 Active at 23.3 uM [28]
Nalm-6 B-cell ALL* 96 Active at 23.3 uM [28]
P3HR-1 Burkitt lymphoma 72 Between 23.7...45.9 [29]
Raji Burkitt ymphoma 72 Between 23.7...45.9 [29]
Chrysin Daudi Burkitt lymphoma 48 40.5 [22]
Namalwa Burkitt ymphoma 48 71.8 [22]
Deguelin Daudi Burkitt lymphoma 24 0.05 [3]
Raji Burkitt lymphoma 24 0.05 [5]
5,7-dimethoxy- YCUB-2 B-cell ALL* 96 22.7+6.7 [6]
flavone YCUB-4 B-cell ALL* 96 10.6+1.1 [6]
YCUB-5 B-cell ALL* 96 24.8+9.2 [6]
YCUB-6 B-cell ALL* 96 12.8+9.6 [6]
YCUB-8 B-cell ALL* 96 9.9+12.4 [6]
Fisetin Daudi Burkitt lymphoma 48 30.8 [22]
Namalwa Burkitt ymphoma 48 51.2 [22]
Genistein GA10 Lymphoma 72 13.1£3.5 [20]
Raji Burkitt lymphoma 48 18.6 [19]
RS4;11 B-cell ALL* 72 4.9+4.3 [20]
Toledo Lymphoma 72 16.9+3.9 [20]
Hesperetin Daudi Burkitt lymphoma 48 NA up to 100 pM [22]
Namalwa Burkitt lymphoma 48 NA up to 100 pM [22]
Kaempferol CCRF-SB B leukemia 48 NAto 175 uM [30]
JIYOYE B leukemia 48 NA to 175 uM [30]
Namalwa Burkitt ymphoma 48 NAto 175 uM [30]
Luteolin Daudi Burkitt lymphoma 48 20.0 [22]
Namalwa Burkitt lymphoma 48 31.6 [22]
P3HR-1 Burkitt ymphoma 72 66.4 [31]
Myricetin RPMI 8226 B leukemia 48 NA at 10 nM-100 uM [30]
Naringenin Nalm-6 B-cell ALL* 48 157+16 (8]
Quercetin Daudi Burkitt lymphoma 48 14.0 [22]
Namalwa Burkitt ymphoma 48 58.1 [22]
Scutellarin Daudi Burkitt lymphoma 24 118.1 [24]
Namalwa Burkitt lymphoma 24 16.7 [24]
Raji Burkitt ymphoma 24 70.1 [24]
Wogonin P3HR-1 Burkitt lymphoma 72 Between 37.3...72.1 [29]
Raji Burkitt ymphoma 72 Between 37.3...72.1 [29]
Xanthohumol 697 line B-cell ALL* 72 ore sensible than L1210 2]
ALL-PO B-cell ALL* 72 2]
Nalm-6 B-cell ALL* 72 2]
RS4;11 B-cell ALL* 72 2]

*ALL, acute lymphoblastic leukemia; NA, not active
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Its antiproliferative effects in human malignant B-cell lymphoma
cells is related to the action on nuclear factor NF-kB [5], however,
the effects of this compound in L1210 mouse model have not been
studied so far, neither /n vifro nor in vivo, offering thus an
interesting further step in antilymphoma research of flavonoids.

Conclusions

In this short communication we indicate that mouse L1210

novel effective polyphenolic antilymphoma agents against this
aggressive and rapidly growing lymphatic malignancy. Based on
the data currently available in the literature, structurally different
flavones can be considered as promising lead compounds,
however, the most potent natural flavonoid described so far is the

rotenoid deguelin, certainly requiring further /in vifro and /in vivo
studies. Possession of appropriate model systems for these
investigations is a critical step in the antilymphoma drug

lymphocytic leukemia model is an appropriate equivalent of human
Burkitt's lymphoma in anticancer studies of various flavonoids and
therefore, the respective model can be used for development of
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