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Analysis of CCLS expression in classical Hodgkin's lymphoma
L.428 cell line
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Abstract. CCL5 is one of the chemoattractant cytokines
involved in inflammatory observed in both diffuse large B-cell
lymphoma (DLBCL) and classical Hodgkin's lymphoma (CHL).
However, the pathological effects of CCLS5 remain unclear. To
gain a better understanding of the role of CCL5 in CHL and
DLBCL, we examined the expression of CCL5 in the CHL cell
line L428 and the DLBCL cell lines Lyl and Ly8, as well as its
chemotactic effect on CD4* T cells. CCLS mRNA expression
was detected by real-time quantitative RT-PCR. Intracellular
CCLS5 protein expression was analyzed using confocal micros-
copy, and CCLS protein secretion was detected by ELISA. The
chemotactic function of CCLS5 was assessed using a Transwell
coculture system, and the number of migrated CD4* T cells
was counted. Moreover, the p-ikBa and p65 levels of NF-xB
signaling molecules in these lymphoma cell lines were detected
by Western blotting. The results showed that CCL5 mRNA and
protein expression in the L428 cells was significantly higher
than in Lyl and Ly8 cells (p<0.05). L428 cells secreted more
CCLS5 than the Lyl or Ly8 cells, and the secreted CCL5 was
capable of inducing CD4* T cell migration. The expression
levels of the NF-kB transcription factors p65 and p-ikBa were
examined in these lymphoma cells. L428, Lyl and Ly8 cells
expressed similar levels of p65, while p-ikBa. expression was
higher in the L428 cells than in the Lyl or Ly8 cells, indicating
that a high CCLS5 expression may be related to the increased
activity of the NF-xB signaling pathway in L428 cells.

Introduction

Classical Hodgkin's lymphoma (CHL) is a lymphoid malig-
nancy characterized by the presence of a minority of neoplastic
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cells, the mononucleated Hodgkin and the multinucleated
Reed-Sternberg (HRS) cells, which are surrounded by abundant
CD4* T lymphocytes. Diffuse large B-cell lymphoma (DLBCL)
is a common type of non-Hodgkin's lymphoma and consists of
homogeneous large malignant B-cells. Although tumor cells of
both CHL and DLBCL are derived from B-lymphocytes, the
pathological features are different (1,2). CCLS5 is one of the
chemoattractant cytokines. Previous studies have demonstrated
the expression of CCL5 in CHL and DLBCL. The expression
of CCL5 in DLBCL B-cells is up-regulated by monocytes,
whereas in HRS cells it is stimulated by CD4* T cells (3-5).
Buri er al found that CCLS5 was only expressed in the infiltrated
non-neoplastic leukocytes of CHL but not in HRS cells (6).
However, subsequent studies demonstrated the expression of
CCLS5 in HRS cells and its potential role in the recruitment of
inflammatory cells into lymphoma tissue (7,8). Emmerich et al
found that NF-kB transcription factor ikBa is overexpressed in
RS cells (9). Compagno et al have shown that there is deregula-
tion of NF-kB in diffuse large B-cell lymphoma (10). However,
it is unclear whether CCL5 expression is correlated with the
NF-xB signaling pathway.

In this study, the expression of CCL5 was examined in the
CHL cell line L428 and the DLBCL cell lines Lyl and Ly8.
The p65 and p-ikBa protein expression in these cells was also
studied. The results showed that, compared with Lyl cells,
L428 cells showed an increased NF-kB activity and CCL5
expression, and a greater ability to attract CD4* T cells.

Materials and methods

Cell lines. The CHL cell line L428 was obtained from
Professor K.C. Chan (Medical Center, Nebraska University,
USA) (11). DLBCL cell lines Lyl and Ly8 were kindly
provided by Professor Zhou Xiaoyan (Affiliated Tumour
Hospital, FuDan University, Shanghai, China) (12). L428,
Lyl, Ly8 cells, as well as L428 cells pretreated for 24 h with
BAY 11-7082 (Beyotime, China) (LL428-bay) were maintained
in RPMI-1640 (Life Technologies, Gaithersburg, MD, USA)
with 100 IU/ml penicillin, 100 pg/ml streptomycin, and 10%
heat-inactivated fetal bovine serum (FBS) at 37°C in a 5% CO,
humidified atmosphere.

Real-time quantitative RT-PCR. Total RNA was extracted from
cells using TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
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Table I. Primer sequences used for the amplification of CCLS5 and GAPDH.

Gene Forward primer Reverse primer PCR product size (bp)
CCL5 CCCTCACCATCATCCTCACT CTTCTTCTCTGGGTTGGCAC 148
GAPDH ACAGTCAGCCGCATCTTCTT GACAAGCTTCCCGTTCTCAG 256
according to the manufacturer's instructions. The cDNA A

synthesis was performed using a RT-PCR kit (DRRO37s,
Takara, Otsu, Shiga, Japan) according to the manufacturer's
instructions. Primer sequences used for amplification are
shown in Table I.

SYBR real-time quantitative RT-PCR (qRT-PCR) was
performed with the SYBR PrimeScript RT-PCR kit (DRRO41s,
Takara) according to the manufacturer's instructions (13).
Triplicates were performed for all qRT-PCR reactions with an
ABI 7500 real-time PCR system (Applied Biosystems, China).
The annealing temperature was 60°C for 30 sec. The relative
quantification was obtained by the C, values, determining the
reactions for each target gene and the internal control gene
(GAPDH) in cells. AC, [AC, = C, (CCL5 gene) - C, (GAPDH
gene)] values were calculated for each cell line. Relative expres-
sion level was determined as 22!, where AAC, =AC, (L428
cell or Ly8 cell) - AC, (Lyl cell).

Examining CCLS expression by confocal microscopy. 1428,
Lyl and Ly8 cells (2.0x10°/ml) were cultured in 6-well plates
(Costar, Corning, NY, USA) in complete medium for 48 h,
then in serum-free medium for another 24 h. Supernatants
were collected and frozen at -20°C for ELISA assay. Cells
were fixated and permeabilized as previously described (14).
The cells were then labeled with rabbit anti-human CCLS5
mAb (2 pg/ml, ab9679, Abcam), followed by washing and
incubation with PE-conjugated goat anti-rabbit IgG (15 ug/
ml, ZF-0311, ZSGB-BIO, China). Negative controls included
samples in which the primary antibodies were replaced by
PBS. The cells were counterstained with DAPI (Beyotime,
China) prior to being examined with an Olympus FluoView
FV10i confocal laser-scanning microscope.

Peripheral blood mononuclear cell preparation and purifi-
cation of CD4* T cells. Peripheral blood mononuclear cells
(PBMC) from healthy donors were separated by Ficoll-Hypaque
(Saichi, Bejing, China) density gradient centrifugation and
subsequently incubated with ammonium chloride (0.83%) for
5 min at 4°C to lyse the remaining red blood cells. PBMCs
were resuspended in complete medium at a final concentration
of 3.0x10%ml. The CD4* T cells were isolated from PBMC
using anti CD4* conjugated immunomagnetic microbeads
(Miltenyi Biotec, Bergisch Gladbach, Germany) according to
the manufacturer's instructions and described by Fischer (7.8).
The purity of CD4* T cells always exceeded 95% when used
in the migration assays.

ELISA. CCLS5 concentration in cell supernatant was measured
using commercially available kits (KHC1031, Invitrogen)
according to the manufacturer's instructions. The range of
sensitivity for human CCLS5 was 0-2,000 pg/ml. The assay
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Figure 1. Expression analysis of CCL5S mRNA in lymphoma cell lines by
real-time quantitative RT-PCR. Values of columns are folds of CCL5S mRNA
expression in comparison with Lyl cell line. Data are presented as the
mean + SD. ‘P<0.05 vs. Lyl by one-way ANOVA. All assays were performed
in triplicate.

L428

was performed according to the manufacturer's instructions.
ELISA plates were read at 450 nm.

Western blotting analysis. Cell lysates were prepared and
equal amounts of protein (50 ug) were separated on 10%
SDS-PAGE. Proteins were transferred to PVDF membranes
(Bio-Rad, Hercules, CA, USA) and residual binding sites were
blocked by incubation for 2 h in 5% skimmed milk powder
dissolved in TBS with 0.1% Tween 20. Membranes were then
incubated for 2 h with rabbit anti-human p-IxB-a (1:500,
Bioworld Technology, Inc., St. Louis Park, MN, USA) and
rabbit anti-human NF«xB p65 (1:1000, Abcam, Inc.). Specific
binding was revealed by mouse HRP-conjugated anti-rabbit
IgG (Santa Cruz, CA, USA) and an enhanced chemilumines-
cence system (ECL Plus, Amersham, TN, USA).

Chemotaxis assay. The migration of human in vitro-developed
CD4* T cells was tested using a modified 24-well Boyden
chamber (Neuroprobe, Cabin John, MD, USA) as previ-
ously described by Fischer et al (7,8). Nitrocellulose filters
(Millipore/Continental Water Systems, Bedford, MA, USA)
with a pore size of 8 ym were coated with human plasma
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Figure 2. Intracellular and extracellular expression of CCLS5 protein.
(A) Confocal microscopy images showing the cellular expression of CCL5.
Cells were stained with a CCLS5 specific monoclonal antibody (green) and
counterstained with DAPI (blue) (distance bar is equal to 20 ym). The isotype
controls are not shown. (B) Secreted soluble CCLS5 protein in the culture
supernatants of different cell lines. L428, Lyl and Ly8 cells (2.0x10%/ml)
were grown in 6-well cell culture cluster (Costar, Corning, NY, USA) with
complete medium for 48 h followed by incubation in serum-free medium
for another 24 h. Cell-free supernatants were analyzed using CCL5 ELISA
assay. Data are presented as the mean + SD (n=3). "P<0.005 by one-way
ANOVA. All samples were performed in triplicate.

fibronectin (Life Technologies) at a concentration of 10 ug/ml
and maintained at room temperature overnight. Filters were
air-dried for at least 60 min before use. In brief, supernatants
from 1x10° L428 or Lyl cell culture were added to 24-well
Boyden chamber T at a final volume of 600 x1. Under certain
conditions, L.428 cell supernatant was pretreated with human
recombinant CCL5 (rCCLS5, 100 ng/ml) or a neutralizing
anti-CCL5 mAb (100 ng/ml) (R&D Systems). CD4* T cells
(1x10%) were added to the upper chamber at a final volume
of 100 ul. The cells were incubated at 37°C and 5% CO, for
2.5 h. Filters were then fixed, stained with Giemsa solution
and mounted.
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Figure 3. Chemotaxis assay and migrated CD4* T cells. (A) CD4* T cells
migrated were by L428 (340.556+15.852), which was significant to
79.333+£10.782 CD4* T cells by Lyl (p<0.05). (B) The amount of CD4*
T cells migrated was increased by adding rCCL5 (10 pg/ml) to L428 cells,
and decreased by adding anti-CCLS5 (10 ug/ml) to L428 cells (571.111+14.049
vs. 149.222+15.171, p<0.05) . Results are the mean values of 3 independent
experiments and errors are shown as the SD.

Statistical analysis. Data are expressed as the mean + stan-
dard deviation (SD). Statistical analysis was carried out using
SPSS 13.0 for Windows. The comparisons between groups
were performed by least significant difference (LSD) of
one-way ANOVA. P<0.05 was considered to be statistically
significant.

Results

CCL5 mRNA expression in different cell lines. The CCL5
mRNA expression in different CHL and DLBCL cell lines
was examined by RT-PCR. All three cell lines, L428, Lyl
and Ly8 expressed CCL5 mRNA (Fig. 1A). CCL5 mRNA
expression was then quantitated in these cell lines by real-time
PCR. Compared with that in Lyl cells, CCLS mRNA expres-
sion in L428 cells was significantly increased by 8.1+0.8 fold
(p<0.05) (Fig. 1B). In contrast, Ly8 cells showed a similar
CCLS5 mRNA level to that of Lyl cells.

Intracellular and extracellular expression of CCL5 protein.
Cellular expression of CCLS5 protein in the three cell lines was
determined by confocal microscopy. A prominent intracel-
lular vesicular localization of CCLS5 was observed in the L428
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Figure 4. The relation of NF-xkB signaling pathways and CCLS5 secretion. (A) Western blotting analysis of p-IkBa proteins in lymphoma cell lines. Whole-
cell extracts were analyzed using specific antibodies against the p-IkBa, p65 or B-actin. L428 cells were pretreated with or without 10 M Bay for 24 h.
(B) Secreted soluble CCLS5 protein in the culture supernatants of 1428 and L428-bay cells (2.0x10%/ml) were grown in 6-well cell culture cluster (Costar,
Corning, NY, USA) with complete medium for 48 h followed by incubation in serum-free medium for another 24 h. Cell-free supernatants were analyzed using
CCLS5 ELISA assay. Data are presented as the mean + SD (n=3). "P<0.005 by one-way ANOVA. All assays were performed in triplicate.

cells (Fig. 2A), whereas the Lyl and Ly8 cells showed weak
or negative staining for CCL5. In addition, the extracellular
expression of CCLS5 protein in the cell culture supernatant
was also measured by ELISA. Results showed that the two
L428 cells secreted significantly larger amounts of soluble
CCLS protein than Lyl or Ly8 cells (2261+234 vs. 597+70 and
588+57 pg/ml, respectively, p<0.01) (Fig. 2B).

CCLS secreted by cell lines induced migration of CD4* T cells.
To verify that CCL5 produced by L.428 cells has a chemotactic
impact on CD4* T cells, L428 (or Lyl) cell supernatant was
used with CD4* T cells in a Transwell system with 8-um pores,
which allowed T cells to completely transmigrate (Fig. 3) (7,8).
An increased percentage of migrated CD4* T cells attracted
by L428 supernatant was noted as compared to that of the
Lyl supernatant. CD4* T cell migration was increased with
the addition of rCCL5 and was decreased with pretreatment
with the anti-CCL5 antibody (Fig. 4), confirming that the
CD4* T cell migration was mainly mediated by CCL5. Taken
together, these data demonstrate that CCL5 secreted by the
CHL cell line L1428 was sufficient to attract the migration
of CD4* T cells, whereas the DLBCL cell line Lyl failed to
release sufficient CCLS.

p-ikBa and p65 expression in cell lines. The p65 expression
level was similar among 1428, Lyl and Ly8 cells. L428 cells
expressed the highest p-ikBa level. However, this level was
completely eliminated when L428 cells were pretreated with
the p-ikBa inhibitor BAY 11-7082 (10 uM) for 24 h (Fig. 4).
Moreover, the high level of secreted soluble CCL5 protein in
the culture supernatants of L428 cells was also found to be
markedly decreased dramatically by pretreatment with BAY
11-7082 (2261+234 vs. 264+45, p<0.01) (Fig. 4B).

Discussion
The chemoattractant cytokines are subdivided into 4 major

groups on the basis of the relative positions of the first two Cys
residues (C, CC, CXC and CXXC). The chemokine CCLS5 is

usually thought to play a regulatory role in inflammatory
processes (15). CHL and DLBCL are both B-cell-derived
lymphomas but each has a distinct pathogenesis. Previous
studies have shown that CCL5 plays an important role in
the formation of CHL and DLBCL; however, no comparison
of these two types of lymphoma has been carried out. Thus,
in this study CCLS5 expression and function were compared
in the CHL cell line (L428) and the DLBCL cell lines (Ly1
and Ly8).

The results showed that the CHL cell line (L428)
produced and secreted elevated amounts of CCL5 when
compared to the DLBCL cell lines. The secreted CCL5
was functional and attracted more CD4* T cells to migrate
through a Transwell system compared with the supernatant
of Lyl cells. The presence of anti-CCL5 neutralizing mAb
strongly inhibited the migratory response of CD4* T cells,
indicating that CCL5 played a significant role as a chemoat-
tractant. Thus, compared with the DLBCL cells, CHL cells
exhibit a greater ability to attract CD4* T cells to infiltrate
into the lymphoid tissues.

We also investigated the cause of the high expression of
CCLS5 in L428. A high expression level of p-ikBa was found
in L428, but not in Lyl or Ly8, and inhibition of p-ikBa with
BAY 11-7082 not only decreased the level of p-ikBa, but also
eliminated the secretion of CCL5 by L428 cells, indicating that
a high CCL5 expression may be correlated with an increased
activity of the NF-xB signaling pathway in L428 cells.

In conclusion, CCLS5 expression in CHL cells (428 cell
line) was found to be significantly higher than that in the
DLBCL cells (Lyl and Ly8). Additionally, CCL5 secreted by
CHL cells was capable of inducing CD4* T cell migration,
correlating with the activity of the NF-xB signaling pathways.
Thus, a high expression of CCL5 may contribute to the patho-
genesis of typical CHL.
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