
Sulfated polysaccharides fucoidans from brown algae

are of interest because they possess biological activities,

such as anticoagulant, antithrombotic, antiinflammatory,

antitumor, antivirus activities, etc. [1-4]. On the basis of

such biomolecular systems [5] such as fucoidans, efficient

pharmacological preparations for treatment of a number

of important diseases could be developed. At present,

fucoidans are considered one of the most promising class-

es of natural compounds for immunomodulating drug

development as they are characterized by a broad spec-

trum of immunotropic properties along with relatively

low cytotoxicity. The immunomodulating action of

fucoidans is thought to be connected to their ability to

activate phagocytes and to induce production of such

cytokines as tumor necrosis factor α, interleukin-6, and

interleukin-8 [1, 4, 6, 7]. These effects lead to stimulation

of natural killer (NK) cells and T-cells, which is accom-

panied by an increase in their cytotoxicity towards trans-

formed cells as well as by the release of interferon-γ and

interleukin-12. Besides, they cause activation and matu-

ration of antigen-presenting dendritic cells [8].

Fucoidans produced by different algal species differ

in their structure and spectrum of biological activity [9-

12]. The present study was aimed at estimation of the

action of structurally different fucoidans and their deriv-

atives on the activity of immunocompetent blood cells

that are effectors of the innate immune response. We

studied two high molecular weight fucoidans from the

algae Saccharina latissima SL [13] and Chordaria flagelli-

formis CF [14], dexylosylated low molecular weight

fucoidan PPdX [15] from the alga Punctaria plantaginea,

and synthetic fully sulfated octasaccharide OS [16]. The

main structural features of the studied saccharides are

presented in Fig. 1, and monosaccharide and sulfate con-

tents are listed in Table 1. Natural killer cells and neu-
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Abstract—The immunotropic activity of structurally different fucoidans and their derivatives towards isolated immune blood

cells, effectors of innate immune system, was studied. The most potent effect was observed for high molecular weight

fucoidan CF from the alga Chordaria flagelliformis, whose backbone is built of (1→3)-linked units of α-L-fucopyranose, and

branches included residues of α-D-glucuronic acid and α-L-fucofuranose. This compound at the concentration of

0.05 mg/ml potentiated phagocytosis of Saccharomyces cerevisiae and Lactobacillus acidophilus by neutrophils, increasing

relative quantity of phagocytes as well as their effectiveness. Along with this, 14% increase in the concentration of mem-

brane-bound integrin CD11c molecules was observed. The systemic effect of CF at the dose of 0.01 mg/mouse i.p. led to

potentiation of cytotoxic activity of spleen mononuclear leucocytes towards melanoma cells of line B16 by 1.9-fold and

towards chronic myelogenous leukemia cells of line K-562 by 1.7-fold. These results indicate that fucoidan CF can stimu-

late anti-infective and antitumor activity of effectors of the innate immune system via CD11c integrins.
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trophils possessing antitumor and anti-infective activities,

respectively, were chosen as biological materials.

We previously studied anticoagulant, antiinflamma-

tory and antiangiogenic activities of a number of struc-

turally different fucoidans [9]. The active concentration

range for these polysaccharides was 10-100 µg/ml; there-

fore, we used similar quantities of saccharides in the pres-

ent study.

UAb

13.5

1.9

–

–

Gal

1.7

8.4

1.5

–

Man

–

0.7

–

–

Xyl

–

1.8

–

–

Fuc

40.1

36.7

60.2

39.4

Source

C. flagelliformis

S. latissima

Smith degradation 
of fucoidan 
from P. plantaginea

synthesis from L-fucose

Sample

CF [14]

SL [13]

PPdX [15]

OS [16]

DSc

0.8

1.3

0.7

2.0

Table 1. Compositiona of studied poly- and oligosaccharides

SO–2
3

26.6

39.8

27.4

59.1

a Content (wt. %) of monosaccharides and sulfate.
b UA, uronic acids.
c Degree of sulfation (DS) calculated as sulfate to sum of monosaccharides (Fuc + Xyl + Gal + UA) molar ratio.

Fig. 1. Main structural features of the studied saccharides and their derivatives.
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MATERIALS AND METHODS

Analyzed poly- and oligosaccharides. High molecular

weight fucoidans from algal species S. latissima (SL) and

C. flagelliformis (CF) were purified as described earlier

[13, 14]. Polysaccharide PPdX was obtained by dexylosy-

lation of the native fucoidan from algae P. plantaginea

[15]. Fully sulfated octasaccharide (OS) was synthesized

from L-fucose [16]. Monosaccharide and sulfate content

in the studied saccharides is indicated in Table 1. For

preparation of stock solutions, 5 mg samples of poly- and

oligosaccharides were first dissolved in 1 ml of dimethyl

sulfoxide (DMSO) and then in 9 ml of sterile 0.9% sodi-

um chloride solution.

Study of phagocytic activity of neutrophils. Blood

from healthy donors, stabilized by heparin (20 units/ml)

or 3.8% solution of sodium citrate (at the 9 : 1 ratio) were

used for these studies. Blood (0.9 ml) was incubated for

3 h with solutions of the samples (0.1 ml) at 37°C and

250 rpm in a reciprocal shaker. Final concentration of the

sulfated saccharides samples was 0.05 mg/ml. In the con-

trol series of experiments, 0.1 ml of 0.9% sodium chloride

solution containing 10% DMSO was added to 0.9 ml of

stabilized blood.

To estimate phagocytosis using light microscopy, we

incubated suspensions of baker’s yeasts Saccharomyces

cerevisiae and Lactobacillus acidophilus strain N.V.EP

317/402 “Narine” TNSi (Virion, Russia) with blood that

was pre-stimulated with fucoidans for 45 min [17]. Smears

were stained with Romanowsky–Giemsa dye and then

analyzed by microscopy with oil immersion. About 100

neutrophiles were counted in each smear for calculation of

phagocytic index (PI, percentage of cells containing

phagocytized objects) and phagocytic number (PN, num-

ber of bacteria or yeasts engulfed per phagocyte) [18].

The phagocytic activity of blood neutrophils by oxy-

gen-dependent extracellular killing of E. coli was studied

using FagoFlowEx Kit (EXBIO Diagnostics, Czech

Republic) by flow cytometry. The neutrophilic leukocyte

population was isolated by gating using parameters of for-

ward and side light scattering. Results were registered in

the FL1 fluorescence channel (FITC) of BD Canto II

cytofluorimeter (Becton Dickinson, USA). Estimation of

the mean fluorescence intensity (MFI) of phagocytes that

indicates activation level of a single neutrophil was made

according to the manufacturer’s manual.

To dissect oxygen-dependent mechanisms of phago-

cytosis, we used a spectrophotometric variant of the

nitroblue tetrazolium (NBT) reduction test. The method

is based on the quantities of diformazan that was reduced

from NBT by phagocytes. This chemical reaction occurs

due to activation of oxygen-dependent biocidity of

phagocytes. The NBT-test was carried out in two variants:

spontaneous and induced [18]. Suspensions of the yeast

S. cerevisiae and the bacterium L. acidophilus were used as

inducer. Blood was incubated for 3 h with the studied

fucoidans at 37°C and 200 rpm in a reciprocal shaker, and

then 1.5 h with the microorganisms under the same con-

ditions. The concentration of sulfated saccharide sample

was 0.05 mg/ml. Then, we added NBT solution and incu-

bated for an additional 45 min. The results were measured

by optical density in a MS Multiscan microplate spec-

trophotometer (Multiscan, Finland) at 540 nm.

Calculation of concentration of CD45+CD66b+CD11c+

leukocytes. Fluorochrome-conjugated antibodies (Becton

Dickinson) against human CD45, CD11c, and CD66b

were used. After incubation of blood with the antibodies,

the erythrocytes were lysed by OptyLyse reagent

(Immunotech, France). Then the cells were washed by

phosphate buffered saline. Phenotype of leukocytes was

analyzed using flow cytometry in the BD Canto II cyto-

fluorimeter (Becton Dickinson). About 10,000 cells were

analyzed in each sample. The population of neutrophiles

was gated according to forward and side light scattering,

and then CD45+ cells were isolated. The results are pre-

sented as percentage of fluorescing cell number to total

cell number and as MFI – fluorescence intensity of a tar-

get marker on a single cell. Results were analyzed using

FACSDiva 6.1.3 software.

Estimation of cytotoxicity of leukocytes ex vivo. Twenty

C57Bl/6 line mice were divided into two equal groups –

experimental and control. In the experimental group, CF

solution was injected i.p. at dose of 0.01 mg/mouse five

times, once per day (first injection – 24 h before tumor

subinoculation). Mice from both groups were subinoculat-

ed with B16 melanoma (500,000 cells/mouse). After 20

days, the mouse spleens were collected under sterile condi-

tions. Using Ficoll-Urografin gradients, mononuclear

leukocytes (ML) were isolated from spleen homogenates

that were twice washed by centrifugation in in RPMI-1640

medium (PanEco, Russia). NK-sensitive erythroblastic

leukemia K-562 cells and B16 melanoma cells (cell line

bank of the N. N. Blokhin Russian Cancer Research

Center) were used as target cells (TC). Effector and tumor

cells in suspensions were counted with trypan blue (Sigma,

USA). For co-incubating cells with tested substances, 96-

well plates (Nunc, USA or Costar, France) were used. The

concentration of target cells in medium was 500,000

per ml. Target cell to ML effector cell (EC) ratio in medi-

um was 1 : 2, 1 : 5, and 1 : 10. After 24-h co-incubation, the

index of cytotoxicity (IC) of natural killer cells was calcu-

lated using colorimetric MTT assay that is based on the

ability of dehydrogenases of live cells to reduce 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide

(MTT) to violet crystals of formazan soluble in DMSO

[19].

Statistical analysis of primary data was done using

Statistica 6.0 (StatSoft, Russia) software. Results of

analysis are presented as follows: sample mean (χ) ± stan-

dard deviation (SD). To calculate the probability of dif-

ference from a control (p-value), we used Student’s t-test.

The p-values less than 0.05 were considered as significant.
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RESULTS

The backbone of studied carbohydrates is built up of

repeated (1→3)-linked α-L-fucopyranose residues. SL

and CF samples are high molecular weight polymers

bearing side chains consisting of α-L-fucopyranose (SL),

α-D-glucuronic acid (CF), and α-L-fucofuranose (CF).

Degree of sulfation (sulfate/monosaccharide mass ratio)

for SL and CF oligosaccharides was 1.3 and 0.8, respec-

tively. The PPdX sample is a linear low molecular weight

polysaccharide with degree of sulfation of 0.7. OS is syn-

thetic low molecular weight octasaccharide with degree of

sulfation of 2.0.

In Table 2, results are presented of determination of

the influence of CF, SL, PPdX, and OS at 0.05 mg/ml

concentration on activation of the lactic acid bacterium

L. acidophilus and of yeast S. cerevisiae engulfment by the

segmented neutrophils in heparin-stabilized blood.

Data in Table 2 indicate that L. acidophilus engulf-

ment by neutrophils is induced after stimulation by high

molecular weight polysaccharides CF and SL. At the same

time, we observed an increase in relative number of phago-

cytes (PI was 1.8 and 1.7 times higher, respectively, as

compared to control) as well as tendency for PN increase

after preincubation with these compounds. Also, in the

case of yeast the compounds promoted 23% (p < 0.05) and

7% (p > 0.05) PI increase, respectively. Hence, after CF

stimulation of neutrophils PN increased as much as twice

compared to control (Fig. 2). Low molecular weight sac-

charides PPdX and OS were inactive in this assay.

Similar results were obtained for oxygen-dependent

E. coli killing after the preincubation of cells of heparin-

stabilized blood with sulfated saccharides using flow

cytometry (Table 3). Reliable increase in antibacterial

phagocytic activity of blood neutrophils was observed

after preliminary stimulation with CF. However, though

after CF stimulation MFI value of phagocytizing neu-

trophils increased by 9%, in the case of PPdX and OS

stimulation it decreased 1.8- and 1.5-fold, respectively

(p < 0.05).

It is known that oxygen-dependent biocidity of

phagocytes is mediated by active oxygen metabolites

formed during so-called “respiratory burst”. Thus, quan-

titative analysis of this parameter after preincubation of

the blood cells with sulfated saccharides was carried out

using the NBT-assay: spontaneous and induced with S.

cerevisiae and L. acidophilus. Experimental results are

presented in Tables 4 and 5.

The data in Table 4 suggest that preliminary stimula-

tion of cells in heparin-treated blood with CF promoted

increase in oxygen-dependent phagocytic activity in vitro

towards both yeasts and bacteria. The other samples had

virtually no effect on activity of leukocytes in the NBT

test. The same results were obtained during study of blood

samples stabilized with sodium citrate (Table 5).

To study mechanisms of CF-mediated increase in

phagocytic activity of neutrophils, we dissected the pheno-

type of neutrophils in heparin-stabilized blood after coincu-

р

0.007

0.133

–

–

PI, %

79 ± 6.1

63 ± 6.0

ND

ND

р

0.044

0.047

0.588

0.071

PN, units

4 ± 0.7

5 ± 3.2

1 ± 3.5

2 ± 1.3

р

0.006

0.001

0.473

0.105

PI, %

69 ± 5.7

65 ± 1.1

39 ± 2.4

47 ± 10.0

Sample

CF

SL

PPdX

OS

Control

р

0.002

0.500

–

–

Table 2. Phagocytic index (PI) and phagocytic number (PN) for leukocytes from human blood after stimulation with

sulfated saccharides CF, SL, PPdX, and OS as compared to control

PN, units

8 ± 3.3

4 ± 1.5

ND

ND

Note: ND, not determined.

Microorganism

S. cerevisiaeL. acidophilus

38 ± 3.1 3 ± 1.6 56 ± 7.2 4 ± 2.1

Phagocytosis stimulator

СF

SL

PPdX

OS

Control

MFI

5.61 ± 3.11

1.142 ± 78.4

2.93 ± 1.51

3.46 ± 1.53

5.15 ± 1.2

р

0.028

0.403

0.001

0.001

–

Table 3. Influence of CF, SL, PPdX, and OS samples on

oxygen-dependent biocidity of neutrophils from the

healthy donor blood towards E. coli
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bation with fucoidan. In particular, we measured changes in

relative concentration of CD45+CD66b+CD11c+ cells.

As a result, we established that after 4-h coincuba-

tion of human blood leukocytes with CF at a concentra-

tion of 0.05 mg/ml, reliable increase in relative concen-

tration of CD45+CD66b+CD11c+ leukocytes from 72 ±

1.1% in the control to 86 ± 1.7% in the probe occurred

with this fucoidan, p < 0.001; MFI value increased from

Fig. 2. Intensity of L. acidophilus engulfment by neutrophils after stimulation with sulfated saccharides CF, SL, and PPdX in comparison with

control.

CF                                                                                        SL

PPdX                                                                            Control

Fig. 3. Increase in relative concentration of CD11c+ neutrophils after preincubation with CF polysaccharide: a, b) distribution of CD66b+ and CD11c+

cells (abscissa axis, CD66b; ordinate axis, CD11c); c, d) CD11c+ cell content (abscissa axis, fluorescence intensity; ordinate axis, cell number).

102 103 104 105C
D

1
1

c
 f

lu
o

re
s

c
e

n
c

e
in

te
n

s
it

y

Q4-1

Q2-1

P18

–1

1

Q2-1–1

1

P18

102 103 104 105
102 103 104 105102 103 104 105

105

104

103

102

105

104

103

102

40

30

20

10

0

60

40

20

0

Control                                       CF                                                  Control                                      CF 

CD66b fluorescence intensity                                                        CD11c fluorescence intensity

Q4-1

N
u

m
b

e
r 

o
f 

c
e

ll
s



930 ANISIMOVA et al.

BIOCHEMISTRY  (Moscow)   Vol.  80   No.  7   2015

390 ± 298 to 586 ± 175 relative units, respectively, p <

0.001 (Fig. 3).

The data indicate that CF-mediated increase in

CD11c integrin concentration in membrane positively

correlates with an increase in microorganism engulfment

by phagocytes. At the same time, we could not reliably

establish an increase in respiratory burst intensity in the

effector cells that determine successful destruction of the

object engulfed by a phagocyte.

To estimate the effect of the most active fucoidan CF

on functionality of innate antitumor immunity effectors,

we studied change in cytotoxicity of ML in spleen of mice

after a course of parenteral administration of CF. Change

in antitumor cytotoxicity of ML was studied compared to

control. NK-sensitive K-562 cells and B16 melanoma

cells were used as target cells (TC). Target cell/effector

cell of ML (EC) ratios in the medium were 1 : 2, 1 : 5, and

1 : 10. Results are presented in Table 6.

The data in Table 6 suggest that the systemic effect of

CF on immunity of mice is realized through an increase

in antitumor activity of immunocompetent cells. At the

same time, we observed both a tendency for increase in

NK-activity towards NK-sensitive K-562 line cells (IC of

ML increased 1.2-1.7-fold as compared to control) and

statistically reliable increase in cytotoxicity towards

melanoma B16 line cells (IC of ML was 1.7-1.9-fold

increased in comparison with control).

DISCUSSION

The results of our study show that the composition of

fucoidans substantially affects their immunotropic prop-

erties. High molecular weight fucoidan from the alga C.

flagelliformis CF whose backbone is built of (1→3)-linked

residues of α-L-fucopyranose and branches including

Sample

СF

SL

PPdX

OS

Control

bacteria

1.27

0.98

1.06

0.99

1.04

Table 4. Change in activity of leukocytes in NBT test modulated by CF, SL, PPdX, and OS samples (heparin-stabi-

lized blood)

yeasts

1.33

0.89

1.08

1.08

1.08

bacteria

2999 ± 900

3200 ± 960

3105 ± 932

3112 ± 934

2845 ± 854

yeasts

3129 ± 939

2900 ± 870

3148 ± 944

3375 ± 1013

2942 ± 883

spontaneous activity

2359 ± 708

3274 ± 982

2922 ± 877

3132 ± 940

2733 ± 850

Induced/spontaneous

activity ratio

Optical density of formazan solution

induced activity

Sample

СF

SL

PPdX

OS

Control

bacteria

1.16

1.01

1.08

1.13

1.03

Table 5. Change in activity of leukocytes in NBT test modulated by CF, SL, PPdX, and OS samples (sodium citrate-

stabilized blood)

yeasts

1.17

0.96

1.12

1.14

1.04

bacteria

3317 ± 854

2982 ± 215

3233 ± 340

3399 ± 691

2996 ± 590

yeasts

3338 ± 784

2833 ± 708

3352 ± 842

3404 ± 684

3019 ± 807

spontaneous activity

2865 ± 657

2959 ± 885

2984 ± 947

2997 ± 588

2902 ± 651

Induced/spontaneous

activity ratio

Optical density of formazan solution

induced activity
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residues of α-D-glucuronic acid and α-L-fucofuranose

demonstrated the highest activity. High molecular weight

fucoidan SL, having side chains built of α-L-fucopyra-

nose residues, demonstrated moderate activity. Low

molecular weight linear saccharides PPdX and OS were

virtually inactive.

After coincubation of human blood leukocytes with

CF fucoidan, 14% increase in relative quantity of CD11c

was established alongside with MFI value augmentation

from 390 ± 298 to 586 ± 175 relative units, p < 0.001.

CD11c is known to be a glycoprotein of the integrin fam-

ily, an α-subunit of αXβ2 integrin, the fibrinogen recep-

tor. One of the previously described properties of CD11c

is the ability to mediate phagocytosis of iC3b-opsonized

particles [20]. This molecule is also a C4 complement

receptor. CD11c is involved in phagocytosis of latex par-

ticles and bacteria in the absence of complement, cell

migration, and cytokine production by monocytes/

macrophages, and it is able to bind many ligands involved

in cell adhesion, such as ICAM-1 and ICAM-4 as well as

LPS [21]. This led many researchers to consider an

increase in CD11c concentration in blood immune cells

to be a marker of augmentation of their functional activ-

ity. In particular, we previously obtained analogical results

confirming positive correlation between increase in levels

of integrins and high phagocytic activity of innate immu-

nity effectors [22, 23]. In the present study, this pattern in

a series of tests on estimation of engulfment of bacteria

(L. acidophilus and E. coli) and yeasts. Results were regis-

tered with both light microscopy and flow cytometry. In

particular, after incubation of blood cells with CF, the PI

for L. acidophilus and yeast engulfment was 1.8- and 1.4-

fold increased, respectively (p < 0.05), along with

increase in CD11c+ neutrophil fraction and expression

levels of this marker in the membrane. Thus, the data

indicate fucoidan CF-mediated activation of the initial

phase of phagocytosis – engulfment ability of neu-

trophiles. Heparin was used as the blood stabilizer. In the

series of experiments, it was shown that substitution of

heparin for sodium citrate did not affect cell response to

the action of the fucoidans.

The last phase of phagocytosis includes destruction

of corpuscular structures (bacterial and fungal pathogens,

protozoal cells, and damaged cells and products of their

decay) by means of oxygen-dependent and oxygen-inde-

pendent mechanisms. In elimination of microorganisms,

oxygen-dependent biocidity of phagocytes (respiratory

burst), mediated by activation of NADPH-oxidase that

catalyzes reduction of molecular oxygen to superoxide

radical giving rise to appearance in phagocytes of active

oxygen forms (superoxide anion radical, hydrogen diox-

ide, hydroperoxide radicals, etc.), plays an important

role. In the present work, we have shown moderate

increase in parameters that indicate the respiratory burst

intensity induced by CF fucoidan. This suggests the abil-

ity of the polysaccharide to somewhat promote destruc-

tion of engulfed microorganisms.

In summarizing, we conclude that fucoidan CF sub-

stantially activates engulfment of bacteria and yeasts by

neutrophils (initial phase of phagocytosis), but not

destruction of phagocytized microorganisms mediated by

oxygen-dependent mechanisms (completion of phagocy-

tosis). The revealed feature of the polysaccharide action

on neutrophils can be considered as balanced stimulating

influence on the cell-mediated anti-infection immunity

that excludes excessive release of reactive oxygen radicals

causing acute tissue damage with developing of organ or

even multi-organ insufficiency [24, 25].

Our studies also revealed augmentation of antitumor

cytotoxicity by immunocompetent cells under ex vivo

conditions after a course of parenteral administration of

CF. The purpose of this experiment was determination of

the influence of fucoidan on immunoreactivity of tumor-

bearing mice to estimate changes in the functional state of

innate immunity effectors – natural killer cells participat-

ing in antitumor immunity. The chosen research design,

on one hand, allowed estimating NK-activity that is an

integral parameter of reactivity of innate immunity effec-

Target cells
(TC)

К-562

В16

р

0.321

0.084

0.217

0.045

0.395

0.006

Table 6. Cytotoxicity of splenocytes after systemic administration of CF (experimental group) in comparison with con-

trol

experiment

15 ± 17.0

53 ± 15.7

72 ± 10.8

15 ± 2.7

24 ± 4.6

41 ± 4.7

control

9 ± 11.9

32 ± 14.8

60 ± 21.3

8 ± 4.7

22 ± 11.3

24 ± 4.7

TC/EC ratio

1/2

1/5

1/10

1/2

1/5

1/10

IC, %
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tors. On the other hand, it allowed determining antitumor

cytotoxicity of lymphocytes towards cells of target (used

for subinoculation of mice) tumor – B16 melanoma.

Therefore, two cell lines were used in the cytotoxicity test

as targets: NK-sensitive K-562 line and B16 melanoma

line. As a result, after fucoidan treatment, we not only

observed a tendency for NK-activity stimulation during

examination of the NK-sensitive K-562 cells (IC of ML

was 1.2-1.7-fold increased in comparison with control),

but also found statistically reliable augmentation of cyto-

toxicity towards B16 melanoma cells (IC of ML increased

1.1-1.9-fold as compared to control). It is known that

integrins CD11c, being membrane-bound molecules, are

associated not only with neutrophils, but also with mono-

cytes and macrophage, NK, and dendritic cells. It is pos-

sible that the ability of CF to stimulate antitumor activity

of ML, which we discovered, as in the case of neutrophils

is mediated by activation of expression of membrane-

bound CD11c molecules in NK that provide contact of

effectors with target cells.

The data suggest that the molecular mechanism of

stimulating effect of fucoidan CF on effectors of anti-

infection and antitumor immunity is realized with the

participation of integrin CD11c.

This study established that fucoidan CF from the

alga C. flagelliformis is able to activate the innate immuni-

ty cells by local action in vitro and on systemic level dur-

ing the course of parenteral administration. It was reliably

established that this compound intensifies engulfment of

microorganisms by neutrophils increasing both relative

number of phagocytes (PI) and their efficiency (PN)

along with increase in CD11c concentration in mem-

branes of neutrophils. The systemic action of CF caused

an increase in antitumor cytotoxicity (IC) of splenic ML

towards melanoma B16 cells (1.7-1.9-fold, p < 0.05) and

towards K-562 cells (1.2-1.7-fold, p > 0.05).
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