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Abstract: The study aim was to investigate the impacts of K562 cells towards the activities of Toll-like receptor path-
way of human mesenchymal stem cell-bone marrow (HMSC-bm). The in vitro co-culture of HMSC-bm and K562 cells
was set as the experiment group (HMSC-bm + K562), the HMSC-bm cultured alone was set as the control group
(HMSC-bm), the expressions of six interested genes and their proteins, namely MyD88, P38, NF-«kB, TAB1, TLR3 and
TBK1, of the Toll -like receptor signaling pathway were detected and compared, as well as the secretions of such cy-
tokines as IL-6, IL-8, TNF-a and IFN-a in the cell supernatant, which were regulated by the Toll-like receptor pathway.
The expressions of MyD88, P38, TAB1 and TLR3 of the HMSC-bm + K562 group were higher than the HMSC-bm
group, while that of TBK1 was lower, and the NF-kB expression showed no significant difference between the two
groups (P > 0.05). Compared with the HMSC-bm group, the supernatant of HMSC-bm + K562 group exhibited the
higher secretion levels of IL.-6 and IL-8, while that of IFN-a was just contrary, and the differences were significant (P
< 0.05). The secretion levels of TNF-a within the two groups were not significantly different (P > 0.05). The co-culture
of K562 and HMSC-bm could induce the activity changes of Toll-like receptor pathway of HMSC-bm, which was ben-

eficial towards the proliferation of K562 cells.
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Introduction

The Toll-like receptor signaling pathway was
generally considered to be able to participate
the immune defenses, which included the
tumor immunity. Generally, the immunization
was the self-protection methods of the host,
while when the body suffered from a solid
tumor, the two immune mechanisms, namely
the anti-tumor mechanism and the pro-tumor
mechanism, were simultaneously present in
the tumor microenvironment [1]. And in the
tumor microenvironment, the Toll-like receptor
pathway was activated, thus playing a role of
promoting the tumor growth through multiple
mechanisms [2-7].

Different from solid tumors, the cell prolifera-
tion of hematologic neoplasm was affected by
a sophisticated and complex regulatory sys-
tem- the hematopoietic microenvironment of
bone marrow. The stromal cells inside the

hematopoietic microenvironment might pro-
duce the soluble cytokine, thus mediating the
proliferation and differentiation of hematopoi-
etic stem/progenitor cells, as well as playing a
support role towards the hematopoiesis, mean-
while, these cytokines also had the regulatory
effects towards tumor cells [8-11].

The bone marrow mesenchymal stem cells
(BMMSCs) were the precursor cells of fibro-
blasts, osteoblasts, adipocytes, endothelial
cells, muscle cells and others in the hematopoi-
etic microenvironment, and could directly differ-
entiate into the above cells under certain condi-
tions [12], thus participating the hematopoietic
regulation [13]. It was reported [14, 15] that the
co-culture with normal BMMSCs could inhibit
the growth of K562 and U937 cells. However,
no matter the chronic myeloid leukemia or lym-
phoma, the growth of tumor cells would not be
inhibited by the existence of BMMSCs inside
the bone marrow microenvironment. So, it could
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Table 1. List of primers used in RT-PCR

HMSC-bm was purchased from

Genbank Sciencell Co., USA.

The recovered K562 cells were

. Product
Gene Primer sequences ) ) .
size registration No.
B-actin 5’ atcatgtttgagaccttcaaca 3’ 318 bp BC002409

5’ catctcttgetcgaagtcca 3’

NF-kB 5" CGGCTAACTTTTGTATTTT 3’ 174 bp
5" GGGATGTAGTTTTCTGTTT 3’

TAB1 5 GCTGGGGGACTTGTTTG 3’ 345 bp
5’ GACTGGGAGATGGGGAG 3’

TBK1 5 TGGCCAAAGGAAAAAAATGA 3" 187 bp
5" GAGCAGAACCGCACCACT 3

TLR3 5" ACTGATGCTCCGAAGGG 3’ 205 bp
5" ACCAGGGTTTGCGTGTT 3’

MYD88 5’ ACACCGCCCATTCCACTTC 3’ 331 bp
5’ GCTCCCTGCTCACATCATT 3’

P38 5’ CCGTTTGATGATTCCTT 3’
5’ CTTCTGTCCTCTGCTTG 3’

NM_001001349.2

U49928.1

NM_013254.3

NM_003265.2

U70451.1

241 bp AF015256.1

added into the RPMI1640 medi-
um, which contained 10% FBS,
100 U/ml penicillin and 100 ug/
ml streptomycin, and cultured at
37°C and 5% CO,. The culture
medium was replaced once 24
hr after the cells were recov-
ered, after that, the medium
was changed once every three
days, when the K562 cells cov-
ered 80 to 90% area, the pas-
sage could be performed.

Culture of HMSC-bm: The dis-
posable plastic flask was used,

be presumed that during the interactions of
tumor cells and bone marrow microenviron-
ment, certain changes that would benefit the
tumor cell proliferation was induced.

We in vitro co-cultured HMSC-bm and K562
cells. As well as setting the K562 cells cultured
alone as the control group 1, and the 10000 u/
ml recombinant human interferon a2b -treated
K562 cells as the control group 2. It was found
that after cultured for 72 h, the K562 cells of
the 3 groups grew slowly from O to 24 h, while
the continued culture exhibited that the prolif-
eration rate of K562 cells was gradually accel-
erated. This suggested that HMSC-bm impact-
ed the growth of K562 cells. We set the in vitro
co-culture of HMSC-bm and K562 cells as the
experiment group (HMSC-bm + K562), and
HMSC-bm cultured alone as the control group
(HMSC-bm), and detected the expressions of
six interested genes and their proteins, namely
MyD88, P38, NF-«kB, TAB1, TLR3 and TBK1 of
the Toll-like receptor signaling pathway, as well
as the secretion levels of IL-6, IL-8, TNF-a and
IFN-« in the supernatants of the 2 groups, aim-
ing to preliminarily study the impacts of K562
cells towards the Toll-like receptor pathway of
HMSC-bm.

Materials and methods
Cell and cell culture
The K562 cells were provided by the key

Laboratory of Hematology, Hebei Province.
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and the high glucose DMEM

medium, which contained 100
U/ml penicillin, 100 ug/ml streptomycin and
10% FBS, was used as the complete medium,
the recovered HMSC-bm was cultured at 37°C
and 5% CO,, with half medium changed 24 hr
later, after that, the medium was totally
changed once every 3 days, the inverted micro-
scope was used to observe the situations of
cell growth. 7 to 8 days later, when HMSC-bm
appeared 80~90% wall-adherence and fusion,
the passage could be performed.

Co-culture of K562 cells and HMSC-bm: 1 ml
HMSC-bm was seeded in 96-well plates, with
the density as 1 x 105/ml, and incubated at
37°Cand 5% CO, until its wall-adherent degree
reached 80% to 90%. 1 ml K562 cells in the
logarithmic growth phase were then added
onto the HMSC-bm cell layer, with the same
density (1 x 105/ml).

RT-PCR analysis

RT-PCR was used to determine the expression
of MyD88, P38, NF-kB, TAB1, TLR3 and TBK1.
Total RNA was extracted using Trigol reagent
(Invitrogen, USA) according to the manufactur-
er’s instructions. The primers used are listed in
Table 1. The conditions for PCR were as follows:
denaturation at 94°C for 2 min, denaturation at
94°C for 30 sec, annealing at 56°C for 30 sec
(B-actin), or 55°C for 30 sec (MyD88 and TAB1),
or 50°C for 30 sec (P38 and TBK1), or 53°C for
30 sec (NF-kB), or 51°C for 30 sec (TLR3) and
extension at 72°C for 30 sec, 35 cycles, and a
final 10 min at 72°C. PCR products were visual-
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Figure 1. Results of RT-PCR assay of the 2 groups. A. The mRNA expressions of MyD88, p38, NF-«kB, TAB1, TLR3 and
TBK1 in the experimental group and the control group were determined by RT-PCR. B. Relative mRNA expression
among MyD88, p38, NF-kB, TAB1, TLR3 and TBK1 in the experimental group and the control group.

ized by gel electrophoresis on 1.5% agarose
(w/v) gel, and then viewed using an ultraviolet
photometry (UVP) bioimaging system.

Western blot analysis

Total protein was extracted and quantified
according to the manufacturer’s protocol. Each
equal amount of protein was loaded on sodium
dodecyl sulfate-polyacrylamide gel at 100 V for
2 h, and then the protein was transferred to
polyvinylidene fluoride (PVDF)-membranes. The
membranes were blocked in 5% fat-free milk at
room temperature for 2 h, and the blots were
stained with specific primary antibodies, includ-
ing Anti-MyD88 (abcam, Cambridge, UK), anti-
p38a(BD, USA), anti-NF-kB (abcam, Cambridge,
UK), anti-TAB1 (abcam, Cambridge, UK), Anti-
TLR3 (abcam, Cambridge, UK), Anti-TBK1
(@bcam, Cambridge, UK), and anti-GAPDH anti-
bodies (Santa Cruz Biotechnology, Inc.) over-
night at 4°C. The membranes were then
washed and incubated with goat anti-rabbit
HRP-1gG (Santa Cruz Biotechnology, Inc.) for 1 h
at room temperature, and observed with a che-
miluminescent substrate. Bound immunoglob-
ulins were removed from the membranes by
washing twice with Restore™ Western Blot
Stripping Buffer, and the signal was visualized
by enhanced chemiluminescence and detected
using the ChemiDoc XRS + system (Bio-Rad,
Hercules, CA, USA); the signal was analyzed by
the Image Lab (ECL). GAPDH was used as an
internal control.

Enzyme linked immunosorbent assay (ELISA)

The cell supernatant was collected, in which
the contents of IL-6, IL-8, TNF-a and IFN-a were

9322

detected with the human tumor necrosis factor
o (TNF-o) ELISA KIT (Wuhan cusabio, Wuhan,
China), human hypersensitive interleukin-6 (hs-
IL6) ELISA KIT (Wuhan cusabio, Wuhan, China),
human interleukin 8 (IL-8/CXCL8) ELISA KIT
(Wuhan cusabio, Wuhan, China) and human
a-interferon (IFN-o) ELISA KIT (Wuhan cusabio,
Wuhan, China).

Statistical analysis

Data are presented as means + standard devi-
ation (SD). All the statistical analyses were per-
formed using SPSS 19.0 software. The statisti-
cal analysis of results was carried out using
Student’s t-test and one-way ANOVA analysis. P
< 0.05 was considered to indicate a statistical-
ly significant difference.

Results

RT-PCR

The primers’ information was shown in Table 1.
As shown in Figure 1, the gene mRNA expres-
sion levels of MyD88, P38, TAB1 and TLR3 of
the experiment group were higher than the con-
trol group, and the differences were significant-
ly (P < 0.05), while that of TBK1 gene mRNA of
the experiment group was significantly lower
than the control group (P < 0.05); the expres-
sions of gene mMRNA NF-kB between the two
groups showed no significant difference (P >
0.05).

Western blot

As shown in Figure 2, the protein expression
levels of MyD88, P38, TAB1 and TLR3 of the
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experiment group were higher than the control
group, while that of TBK1 protein was lower
than the control group, and that of NF-kB pro-
tein was not significantly different, these trends
were consistent with the results of gene assay.

ELISA

As shown in Figure 3 and Table 2, compared
with the control group, the supernatant of the
experiment group secreted higher levels of IL.-6
and IL-8, while that of IFN-a was contrary, and
the differences were significant (P < 0.05). The
secretion levels of TNF-a between the two
groups were not significantly different (P >
0.05).

Discussion

According to whether the Toll-like receptors
(TLRs) could interact with the adapter protein
MyD88, the Toll-like signaling pathways could
be divided into two categories: classic MyD88-
dependent pathway and non-MyD88-depen-
dent pathway [16]. In the classic MyD88-
dependent pathway, the activated MyD88
interacted with IRAK4, formed the TLR- MyD88-
IRAK receptor complex, thereby promoting the
IRAK4-mediated IRAK1 phosphorylation. After
the phosphorylation, IRAK1 would bind the
TNF-receptor-associated factor 6 (TRAF6), acti-
vated the latter and mediated two signaling
pathways: one was to induce the activation of
MAPK, thereby activating the transcription fac-

9323

Relative expression of protein ®

13 ?/ ) HMSS—Em

’ / ‘ z HMSC-bm+K562

SO

ASEL F N

02 | % fé 7

"o %r o, v T V] |\
MyD88 P38 NF-«xB TABI TLR3 TBKI

Figure 2. Results of western blot assay of the 2 groups.

A.

The protein expressions of MyD88, p38, NF-kB,

TAB1, TLR3 and TBK1 in the experimental group and
the control group were determined by immunoblotting.

B.

Relative protein expression among MyD88, p38, NF-

kB, TAB1, TLR3 and TBK1 in the experimental group
and the control group.

tor of protein-1, so it was called as the TLR-
MyD88/IRAK- mitogen-activated protein kinase
(MAPK) pathway; the other one was the TLR-
MyD88/IRAK-NF-kB inductive kinase/NF-kB
pathway, these two pathways both might ulti-
mately mediate the production and releasing of
a large number of pro proinfammatory cyto-
kines and chemokines such as IL-6, IL-8, IL-12
and TNF-q, etc. besides TLR3, other TLRs could
mediate the activation of Toll-like receptor
pathway through this pathway [17, 18]. While
TLR3 could combine with TRIF, thus activating
the non-MyD88-dependent pathway, and its
ultimate biological effect was to promote the
expression of interferon -o/B [2]. In addition,
TLR4 could also activate the non-MyD88-inde-
pendent pathway with the collaboration of
TRAM [19].

It was reported that [20], the serum IL-6 level in
the CML patients were higher than the healthy
persons, Corrado et al [21] studied and found
that the CML cells released and stimulated the
bone marrow stromal cells to produce IL-8, thus
regulating the malignant phenotypes of leuke-
mia cells in vivo and in vitro. The study described
that IL-6 and IL-8 might have much more impor-
tant significance in the pathogenesis of CML.
Our experimental results showed that after co-
cultured with the K562 cells, the gene expres-
sion levels of MyD88, P38 and TAB1 in the clas-
sic MyD88-dependent pathway of HMSC-bm
were higher than the control group, the activa-
tion of these genes would inevitably mediate

Int J Clin Exp Med 2015;8(6):9320-9326
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Figure 3. Standard curve of ELISA (IL-6, IL-8, TNF-& and IFN-x).

Table 2. ELISA results of IL-6, IL-8, TNF-a and
IFN-oc in the cell supernate

HMSC-bm + K562 HMSC-bm single

co-culture culture
IL-6 25.21+0.30* 14.62+0.92
IL-8 6022.64+134.71** 127.26+4.49
TNF-o 36.33+7.03% 44.17+£3.09
IFN-ox 40.11+0.61* 53.66+4.29

Note: *compared with HMSC-bm single culture group P <
0.05, **compared with HMSC-bm single culture group P
< 0.05, “'compared with HMSC-bm single culture group P
< 0.05, #compared with HMSC-bm single culture group
P >0.05.

the production and release of such downstream
cytokines as IL-6 and IL-8, and the ELISA results
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confirmed that the levels of IL-6 and IL-8 within
HMSC-bm when co-cultured with the K562
cells were higher than those when cultured
alone, and the differences were significant (P <
0.05).

The activation of NF-kB could promote the
secretion of TNF-&, and TNF-a« could also pro-
mote the expression of NF-kB [22] by a positive
feedback mechanism. In this study, the expres-
sions of NF-kB within the two groups had no
significant difference (P > 0.05), and the levels
of TNF-a secreted in the supernatants of the 2
groups had no significant difference (P > 0.05),
prompted us that the TLR- MyD88/IRAK-NF-kB
pathway might not participate the interactions
between the K562 cells and HMSC-bm.

Int J Clin Exp Med 2015;8(6):9320-9326
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Under the normal circumstances, the activated
TLR3 could mediate the apoptosis of cells
through the non-MyD88-dependent pathway
[23-26]. In our study found that the TLR3
expression levels of the experiment group was
higher than the control group, while the expres-
sion of its downstream TBK1 was lower than
the control group, thus the IFN-a secretion level
detected in the cell supernatants of the experi-
ment group was lower than the control group.
We hypothesized that the co-culture with the
K562 cells could stimulate HMSC-bm to
express the higher levels of TLR3, but certain
mechanism reduced the activities of TLR3
downstream pathway, therefore, the release of
IFN-o« was downregulated.

In summary, whether co-cultured with the K562
cells was an important factor to affect the
activities of Toll-like receptor signaling pathway
of HMSC-bm. The classical MyD88-dependent
pathway activated and upregulated the release
of IL-6 and IL-8, which might have a role of pro-
moting the occurrence and development of
CML; the inhibition of non-MyD88-dependent
pathway would downregulate the expression of
IFN-a, which would inevitably weaken the inhi-
bition of HMSC-bm towards thep-catenin
expression by the K562 cells. It was shown that
[23], after the sequence-specific sSiRNA down-
regulated the expression of [B-catenin inside
the K562 cells, the subcutaeous implantation
of these K562 cells into the BALB/c nude mice
revealed that the tumor survival rate of this
group was significantly lower than the control
group (implanted the K562 cells that were
transfected with unrelated sequence plasmid
DNA) and the non-treatment group (implanted
the K562 cells that were transfected with non-
plasmid DNA), indicating that the downregula-
tion of B-catenin could inhibit the tumorigenici-
ty of CML, and weakening the 3-catenin inhibi-
tion meant to promote the progress of CML.

Thus, it could be seen that the co-culture pro-
cess of K562 and HMSC-bm could induce the
activity changes of Toll-like receptor pathway of
HMSC-bm, and these changes were beneficial
to the proliferation of K562 cells, it could be
inferred that the CML cells had the same induc-
tion in vivo towards BMMSCs, thus resulting in
the tumor microenvironment that was benefi-
cial to the occurrence and development of CML.
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