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increase the proportion of cancer stem
cells in lymphoma by secreting pleiotrophin
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Abstract: Tumor-associated macrophages (TAMs) are closely related to the occurrence and development of lympho-
ma, but their mechanism is still unclear. Here we collected peripheral blood and lymphoma tissue from patients with
diffuse large B lymphoma. Results showed that the proportion of TAMs in high-risk group was significantly higher
than that in low-risk group. Moreover, the expressions of pleiotrophin (PTN), PTPRZ1 (PTN receptor) and B-catenin
in lymphoma tissues of high-risk group were also significantly higher than those in low-risk group. Correlation analy-
sis showed that the proportion of TAMs in lymphocyte was positively correlated with the expression of PTN and
PTPRZ1 in lymphoma tissue. In vitro experimental results showed that TAM promoted the invasion and prolifera-
tion of lymphoma cells by secreting PTN. We also found that TAMs increased the proportion of cancer stem cells in
lymphoma. Animal experiments showed that TAMs promoted lymphoma growth. Both Ki-67 proliferation index and
CD44+cancer stem cells increased significantly in TAM group. Blocking PTN or B-catenin partly inhibited these ef-
fects of TAMs. In conclusion, TAMs increased the proportion of cancer stem cells through PTN/B-catenin pathway
in lymphoma.
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Introduction closely related to the occurrence and develop-
ment of lymphoma. TAMs affected the chemo-
therapy effect, and could be used as an inde-

pendent predictor for the prognosis of patients

In recent years, the incidence of lymphoma has
been increasing rapidly [1]. Hematopoietic

stem cell transplantation (HSCT) is currently
the most effective treatment for lymphoma.
However, due to the high cost or physical intol-
erance, many patients can not undergo HSCT
[2]. With the development of gene detection
and immunotherapy, the treatment of malig-
nant tumors has entered an era of precise tr-
eatment [3]. Finding new therapeutic targets is
of great significance for the precise treatment
of lymphoma.

Tumor-associated macrophages (TAMs) have a
large proportion in tumor stromal cells. TAMs
are differentiated from monocytes under the
influence of tumor cells and microenvironment
[4, 5]. Many studies found that TAMs were

with lymphoma [6-8]. Therefore, inhibiting the
function of TAMs is very important for the treat-
ment of lymphoma.

Pleiotrophin (PTN) is a secretory growth factor
that can bind to heparin. It has important func-
tions such as promoting cell proliferation,
migration and inducing angiogenesis [9]. Many
studies found that PTN was highly expressed in
breast cancer, gastric cancer and other malig-
nant tumors [10, 11]. PTN can be used as a
multifunctional tumor promoter for the occur-
rence and development of tumors by recon-
structing tumor microenvironment [12]. Recent
study found that TAMs promoted the invasion
and metastasis of glioma by secreting PTN [13].
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This study was to investigate the expression
and mechanism of PTN in lymphoma, and pro-
vide a new target for the precise treatment of
lymphoma.

Materials and methods
Clinical data of patients

Patients with diffuse large B lymphoma treated
in our hospital from October 2017 to April 2019
were collected. Exclusion criteria: age < 18
years old, with diabetes or uremia, drug abuse,
alcoholism, with systemic autoimmune diseas-
es or other malignant tumors, with AIDS or viral
hepatitis. According to the International Pro-
gnostic Index of Lymphoma (IPI), the patients
were divided into low-risk group (score < 2) and
high-risk group (score > 2). There were 30
patients in the low-risk group, with an average
age of 46.3 + 8.6 years, and 30 patients in the
high-risk group, with an average age of 48.6 +
9.3 years. 30 cases of normal lymph nodes
were collected as the control group. All ex-
periments were performed in accordance with
the regulations of The Third Affiliated Hospital
of Chongging Medical University (Chongqing,
China) and were approved by the Ethics Com-
mittee of The Third Affiliated Hospital of Chong-
qing Medical University.

Histological staining

Lymphoma tissues in each group were collect-
ed for paraffin sectioning. Some slices were
stained with hematoxylin & eosin dyes (H&E)
(ZsBio) to detect the pathological changes, and
others were conducted to immunohistochemi-
cal staining. Briefly, 3% H,0, and sheep serum
blocking solution (ZsBio) were applied to the
dewaxed paraffin sections which then were
washed three times with PBS. Subsequently,
these sections were incubated with primary
antibodies including PTN, PTPRZ1 (PTN recep-
tor), Ki-67, B-catenin and CD163 (antibodies
were all purchased from Abcam) overnight at
4°C and washed three times with PBS. After-
wards, Biotin-labeled secondary antibody and
streptavidin working solution (ZsBio) were se-
quentially added. Finally, sections were coun-
terstained with hematoxylin (ZsBio) for 10 min
after colored staining agents were developed
and observed under a microscope.

Detection and sorting of TAMs

Peripheral blood in each group was collected
and lymphocyte was separated by human lym-
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phocyte separating fluid (TBD Company). CD14,
CD3 and CD163 antibodies (BD Company) were
added and incubated at room temperature for
15 minutes. After washed three times with
PBS, flow cytometry was used to detect the pro-
portion of CD14+CD3-CD163+TAMs in lympho-
cyte. In addition, CD14+CD3-CD163+TAMs we-
re sorted by flow cytometry and cultured in
RPMI1640 medium containing 10% fetal bo-
vine serum (Hyclone).

Invasive experiment

Diffuse large B lymphoma cells (U2932, ATCC)
were cultured in RPMI1640 medium containing
10% fetal bovine serum. We used Transwell
chamber (Corning) to carry out the invasion
experiment, and 2 x 10* CM-Dil (Sigma) labeled
U2932 was added into the upper chamber. The
experiment was divided into four groups: con-
trol group, co-culture group (TAMs were added
in the lower chamber), PTN blocking group (PTN
neutral antibodies and TAMs were added in the
lower chamber) and [-catenin blocking group
(B-catenin neutral antibodies and TAMs were
added in the lower chamber). After 12 hours,
the cells in the lower chamber were collected
and the proportion of CM-Dil labeled cells was
detected by flow cytometry.

Proliferation experiment

We used Transwell chamber (Corning) to co-
culture U2932 and TAMs. After 24 hours of co-
culture, U2932 was collected and planted into
96-well plates at a density of 4 x 103/well. After
24 hours, MTT solution (Sigma) was added.
After 4 hours of continuous culture, the super-
natant was discarded and 150 uL DMSO was
added. After mixing for 10 minutes, the absor-
bance (OD: 490 nm) of each group was mea-
sured.

Detection of lymphoma stem cells

CD34 and CD44 are specific markers of cancer
stem cells. After 24 hours of co-culture, the
cells in each group were collected. Then CD34
and CD44 antibodies (BD) were added and
incubated at room temperature for 15 minutes.
Flow cytometry was used to detect the propor-
tion of CD34+CD44+cells in lymphocyte after
three washings with PBS.

Animal experiments

Mouse tumorigenesis experiment was operat-
ed according to the methods reported in previ-
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Figure 1. The expression of PTN, PTPRZ1 and B-catenin in lymphoma tissue. PTN, PTPRZ1 and B-catenin could not
be detected in the lymphoid tissues of control group. The expression of PTN, PTPRZ1 and B-catenin in lymphoma
tissue of low-risk group was significantly lower than that of high-risk group.

ous paper [14]. 1 x 10° U2932 in 30 ml PBS (subcutaneous transplantation of U2932 cells
were transplanted into the subcutaneous tis- and TAMs), PTN blocking group (subcutaneous
sue of C57BI/6 mice. The experiment was divid- transplantation of U2932 cells and TAMs, tail
ed into four groups: control group (subcutane- vein injection of PTN antibody) and B-catenin
ous transplantation of U2932 cells), TAM group blocking group (subcutaneous transplantation
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Figure 2. The proportion of TAMs in peripheral blood and lymphoma tissue of patients. A, C. CD163+TAMs in lym-
phoma tissues was detected by immunohistochemistry. The number of CD163+TAMs in high-risk group was 54.80
+ 4.389/mm?, which was significantly different from that in low-risk group; B, D. CD14+CD3-CD163+TAMs in lym-
phocyte was detected by flow cytometry. The proportion of TAMs in high-risk group was 4.840 *+ 0.3436%, which
was significantly different from that in low-risk group. *P < 0.05 (n = 30) versus Control; #P < 0.05 (n = 30) versus

Low-risk. Values are mean * SD.

of U2932 cells and TAMs, tail vein injection of
B-catenin antibody). Two weeks after transplan-
tation, mice were anesthetized with 0.1% sodi-
um pentobarbital and euthanized by cervical
dislocation. Tumor tissues were collected and
fixed in 4% paraformaldehyde. After paraffin
sectioning, some tissues were stained with
H&E, and other tissues were contucted to
immunohistochemistry to detect the expres-
sions of Ki-67 and CD44.
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Statistical analysis

Statistical analyses were carried out using
SPSS 19.0. Data values were presented as
mean = standard deviations. Multiple data
comparisons were analyzed via ANOVA and
Bonferroni post hoc test. Correlation analyses
were performed via Spearman’s rank correla-
tion. A P < 0.05 is considered statistically
significant.
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Figure 3. TAMs promoted the expression of B-catenin in diffuse large B cells.
Western blotting results showed that the expression of B-catenin in co-cul-
ture group was significantly higher than that in control group. PTN blockade

0.0001). The proportion of
CD14+CD3-CD163+TAMs in
the high-risk group was 4.840
+ 0.3436%, which was signifi-
cantly different from that in
the low-risk group (t = 6.336,
P < 0.0001). The results of
correlation analysis showed
that the proportion of TAMSs in
lymphocyte was positively cor-
related with the expression of
PTN and PTPRZ1 in lymphoma
tissue (r=0.6591, P=0.0016;

inhibited the effect of TAMs. *P < 0.05 (n = 6) versus Control; #P < 0.05 (n =

6) versus Co-culture. Values are mean * SD.

Results

The expression of PTN and PTPRZ1 in lympho-
ma tissue increased significantly

Immunohistochemical results showed that
PTN, PTPRZ1 and B-catenin could not be de-
tected in the lymphoid tissues of control group.
The proliferation index of Ki-67 in control group
was 3.400 + 0.5207%. The expressions of PTN,
PTPRZ1 and B-catenin in lymphoma tissues of
low-risk group and high-risk group were signifi-
cantly increased. The average optical densities
of PTN, PTPRZ1 and B-catenin in low-risk group
were 30.20 + 4.008, 26.23 + 3.016 and 56.90
+ 4.900, and the proliferation index of Ki-67
was 37.01 + 2.678%. The average optical den-
sities of PTN, PTPRZ1 and B-catenin in high-risk
group were 80.11 + 8.171, 66.26 £ 5.824 and
150.7 + 6.941, and the proliferation index of
Ki-67 was 55.59 + 4.022. There were signifi-
cant statistical differences between them (t =
5.483, P < 0.0001; t = 6.104, P < 0.0001; t =
11.04, P < 0.0001; t = 3.845, P = 0.0012)
(Figure 1).

The proportion of TAMs in patients with lym-
phoma increased significantly

The number of CD163+TAMs in the control
group was 2.700 + 0.7895/mm?® and that in the
low-risk group was 24.00 + 2.490/mm?3 (t =
8.154,P<0.0001). The numberof CD163+TAMs
in high-risk group was 54.80 + 4.389/mm?3,
which was significantly different from that in
low-risk group (t = 6.104, P < 0.0001).

Flow cytometry showed that the proportion of
CD14+CD3-CD163+TAMs in the control group
was 0.4805 + 0.1105%, and that in the low-risk
group was 2.294 + 0.2084% (t = 7.691, P <
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= 0.7012, P = 0.0006)
(Figure 2).

TAMs promoted the expression of -catenin in
diffuse large B cells

It has been reported that PTN can promote the
expression of B-catenin, which is closely relat-
ed to cancer stem cells. Western blotting re-
sults showed that the expression of B-catenin
in co-culture group was significantly higher than
that in control group (t = 3.426, P = 0.0065).
PTN blockade completely inhibited the effect of
TAMs (t = 3.060, P = 0.0120) (Figure 3).

TAMs promoted the invasion of diffuse large B
lymphoma cells

The proportion of invasive lymphoma cells in
the co-culture group was 78.20 + 3.333%.
Compared with the control group, the results
showed significant statistical difference (t =
6.598, P < 0.0001). The proportion of invasive
lymphoma cells in PTN blocking group and
B-catenin blocking group was 63.42 + 2.968%
and 59.53 + 2.764%. Compared with co-culture
group, the results showed significant statistical
differences (t=3.313, P =0.0078;t=4.311, P
= 0.0015) (Figure 4).

TAMs promoted the proliferation of diffuse
large B lymphoma cells

The proliferation rate of lymphoma cells in co-
culture group was 49.67 + 3.303%. Compared
with the control group, the results showed sig-
nificant statistical difference (t = 4.961, P =
0.0006). The proliferation rate of lymphoma
cellsin PTN blocking group and 3-catenin block-
ing group was 35.33 + 2.155% and 33.10 +
1.868%. Compared with co-cultured group, the
results showed significant statistical differenc-
es (t = 3.634, P = 0.0046; t = 4.366, P =
0.0014) (Figure 5).
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Figure 5. TAM promoted the proliferation of diffuse
large B lymphoma cells. Cell proliferation rate in co-
culture group was significantly higher than that in
control group. Blocking PTN or B-catenin partially in-
hibited this effect of TAMs. *P < 0.05 (n = 6) versus
Control; ¥P < 0.05 (n = 6) versus Co-culture. Values
are mean + SD.

TAMs increased the proportion of cancer stem
cells in lymphoma

The results of flow cytometry showed that the
proportion of CD34+CD44+cells in the co-cul-
ture group was 0.7842 + 0.03555%. Compared
with the control group, the results showed sig-
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nificant statistical difference (t = 13.73, P <
0.0001). The proportion of CD34+CD44+cells
in PTN blocking group and B-catenin blocking
group was 0.2115 + 0.03627% and 0.1178 +
0.02861%. Compared with co-culture group,
the results showed significant statistical differ-
ences (t = 11.28, P < 0.0001; t = 14.60, P <
0.0001) (Figure 6).

TAMs promoted lymphoma progression in vivo

Animal experiments showed that the volume
and weight of lymphoma in the control group
was 1299 mm? and 1.38 g, respectively, and
those in the TAM group were 2217 mm? and
2.75 g. There were significant differences be-
tween two groups. Blocking PTN or B-catenin
could partly inhibit the effect of TAMs. Com-
pared with TAM group, the volume and weight
of tumors in PTN blocking group was reduced
by 27.56% and 38.25%, respectively. The vol-
ume and weight of tumors in B-catenin blocking
group was reduced by 26.70% and 47.83%,
respectively.

Immunohistochemical results showed that
Ki-67 proliferation index in TAM group was
54.70%. Compared with the control group, it
increased by 68.31%. Blocking PTN or 3-catenin
could partly inhibit the pro-proliferation effect
of TAMs. Compared with the TAM group, Ki-67

Am J Transl| Res 2019;11(10):6393-6402
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ratio decreased by 27.23% and 21.01%. The
number of CD44+cancer stem cells in TAM
group was 24.8/HPF, which increased by 7.27
times, compared with the control group. The
number of CD44+cancer stem cells in PTN
blocking group and B-catenin blocking group
was 5.2 and 5.6/HPF, which had significant sta-
tistical significances compared with TAM group
(Figure 7).

Discussion

In recent years, with the development of gene
detection and immunotherapy technology, the
treatment of malignant tumors has entered an
era of precise treatment. Many targeted drugs
have been used in clinic. The results of clinical
treatment showed that these drugs significant-
ly prolonged the survival time of patients and
had fewer side effects [15]. However, molecular
targeted drugs are only effective for specific
populations, so it is very important to find new
targets. PTN is a heparin-binding cytokine that
can be expressed in embryonic tissues and sel-
dom in normal human tissues [16]. Many stud-
ies found that PTN was highly expressed in gas-
tric and oral cancer tissues, and was closely
related to prognosis and tumor grade [17-19].
Our study found that PTN was highly expressed
in lymphoma tissues, and PTN expression in
high-risk group was significantly higher than
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that in low-risk group. These indicated that PTN
had a very important relationship with the
occurrence and development of lymphoma and
can be used as a potential target in the treat-
ment of lymphoma.

Macrophages play an important role in tumor
immunity. Macrophages can be divided into M1
type and M2 type according to their functions
and phenotypes. M1 macrophages are pro-
inflammatory, secreting inflammatory factors
such as IL-6, Killing tumor cells and activating
local immune response [20]. M2 macrophages
are tumor-related and can promote tumor
growth and escape immune surveillance. Re-
cent studies found that TAMs promoted the
proliferation and invasion of glioma by secret-
ing PTN [13]. We also found that the proportion
of TAMs in patients with lymphoma was signifi-
cantly increased, which was closely related to
the malignant degree of lymphoma. In vitro and
in vivo experiments showed that TAMs could
promote the proliferation and invasion of lym-
phoma cells. The blockade of PTN inhibited
these effects of TAMs, which indicated that
PTN may mediate the occurrence and develop-
ment of lymphoma induced by TAMs.

Many studies have found that there is a class of
cancer stem cells in malignant tumors, which
are closely related to metastasis, proliferation,

Am J Transl Res 2019;11(10):6393-6402
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recurrence and insensitivity to radiotherapy
and chemotherapy [21, 22]. Lee et al. found
that the insensitivity of follicular lymphoma
patients to chemotherapeutic drugs was close-
ly related to the role of cancer stem cells, which
was mediated by CXCL12/CXCR4 [23]. Our
study found that TAMs increased the propor-
tion of cancer stem cells in lymphoma through
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Figure 7. TAMs promoted lym-
phoma progression in vivo. A.
H&E and immunohistochemi-
cal staining; B, C. Compared
with the Control group, the
volume and weight of tumors

.‘v-“ *@ @,.a in the TAM group increased
e"" 0& significantly. Blocking PTN or
& & B-catenin could partly inhibit
Qp*’ the effect of TAMs; D. TAMs
promoted the increase of Ki-
67 proliferation index in lym-
x phoma; E. TAMs increased
CD44+cancer stem cells in
lymphoma through PTN/pB-
catenin. *P < 0.05 (n = 10)
versus Control; P < 0.05 (n
" M = 10) versus TAM. Values are
mean + SD.
E A Y
& &
& &
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PTN pathway. The increase of cancer stem cells
can significantly affect the therapeutic effect
and prognosis of lymphoma patients.

In conclusion, PTN and its receptors were high-
ly expressed in lymphoma tissues. TAMs pro-
moted the proliferation and invasion of lympho-
ma cells and increased the proportion of can-

Am J Transl Res 2019;11(10):6393-6402
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cer stem cells through PTN/B-catenin pathway.
Our study provided a new target for precise
treatment of lymphoma.
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