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The present study was to determine the roles of Angiotensin (Ang) II in the growth of
lymphoma in nude mice and the proliferation and viability of the human Natural Killer/T
(NK/T)-cell lymphoma cell line SNK-6, and the activation of downstream signaling pathway.
Lymphoma samples and corresponding normal tissues were obtained from lymphoma pa-
tients. Proliferation of SNK-6 cells was detected by CCK8 or MTT assay. The levels of Ang
II and its receptor Ang II type 1 receptor (AT1R) were higher in lymphoma tissues than those
in control tissues. Ang II increased the lymphoma volume and size in nude mice, the pro-
liferation and viability and the proliferating cell nuclear antigen (PCNA) and Ki67 levels of
SNK-6 cells. Losartan, an antagonist of AT1R, reduced lymphoma volume and size in nude
mice, and the proliferation and viability and the PCNA and Ki67 levels of SNK-6 cells. The
levels of phosphorylated phosphatidylinositol 3-kinase (p-PI3K) and phosphorylated protein
kinase B (p-Akt) were increased by Ang II and then reduced by losartan in SNK-6 cells. The
proliferation and viability of SNK-6 cells were increased by Ang II, but these increases were
inhibited by PI3K inhibitor wortmannin and Akt inhibitor MK2206. The increases of PCNA
and Ki67 induced by Ang II were inhibited by wortmannin or MK2206 in SNK-6 cells. These
results indicate that Ang II/AT1R is activated in lymphoma, and Ang II promotes the pro-
gression of lymphoma in nude mice and the proliferation and viability of SNK-6 cells via
activating PI3K/Akt signaling pathway.

Introduction
Arising from extranodal lymphoid tissue or lymph glands, malignant lymphoma shows a growing mor-
bidity globally [1]. Natural Killer T (NK/T)-cell lymphoma is Non-Hodgkin (the other subtype being
Hodgkin’s lymphoma) and heterogeneous, with an aggressive clinical course [2]. NK/T-cell lymphoma
varies in immunophenotype, location, morphology and genetics.

The renin–angiotensin system (RAS) affects tumor growth and migration by remodeling the tumor
microenvironment [3]. RAS inhibitors, widely prescribed for cardiovascular diseases, have shown consid-
erable anticancer potential [4,5]. Angiotensin (Ang)-(1–7) inhibits cell proliferation, migration and inva-
sion by activating autophagy, which provides a possible treatment option for nasopharyngeal carcinoma
(NPC) and recurrent NPC [6]. Expression of Ang II, a crucial biological peptide in the RAS, is closely
associated with the development of cancer [7,8]. Ang II produced biological effects via its receptor Ang
II type 1 receptor (AT1R) [9,10]. Telmisartan, a specific AT1R blocker, can effectively inhibit the growth
of non-small cell lung cancer A549 cell line [11]. Activation of (pro)renin receptor ((P)RR) and AT1R
is associated with the pathogenesis of conjunctival extranodal marginal zone B-cell lymphoma (EMZL)
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Figure 1. Levels of angiotensin (Ang) II and Ang II type 1 receptor (AT1R) in lymphoma tissue

(A) Ang II level was higher in lymphoma tissue than in control tissue. (B) AT1R level was higher in lymphoma tissue than in control

tissue. Results are expressed as mean +− SEM; N=12; *P<0.05 versus the adjacent group.

[12]. However, whether Ang II regulates lymphoma growth, and inhibition AT1R attenuates lymphoma remains
unanswered.

Phosphoinositide 3-kinase (PI3K)/mechanistic target of rapamycin (mTOR) inhibitor BEZ235 showed an obvious
anti-lung-cancer effect either as a support of chemotherapy or targeted therapy, or as a monotherapy [13]. Increased
phosphorylation of protein kinase B (Akt) expression was involved in the overgrowth for esophageal cancer cell [14].
Phosphorylated AKT and MAPK were increased in copanlisib-resistant B-cell lymphoma cells [15]. PI3K inhibition
with copanlisib or duvelisib continues to be an invaluable tool in the therapy of patients with lymphoid malignancies
[16]. These findings inspired us to design the present study to explore whether Ang II promotes the proliferation of
lymphoma relying on PI3K/Akt signaling pathway

Materials and methods
Clinical samples
Twelve pairs of NK/T-cell lymphoma samples (cervical lymph node) and normal adjacent samples (>10 cm away
from the edge of the cancer) [17] were collected from the Hematology department of the Second Affiliated Hospital
of Xuzhou Medical University from May 2017 to June 2018 (median age 63 years, range 51–76 years, six males and
six females). Excluded were tissues that had been treated with chemotherapy or radiotherapy prior to surgery. The
included tissue samples should demonstrate a tumor cellularity of at least 80% and clear viable tumor cells. The
pathological stage and grade were appraised by an experienced pathologist. All the tissue samples were stored at
−80◦C until being used. All the patients had been clinically staged with endoscopic ultrasonography and multislice
spiral computed tomography and had not received any chemotherapy or radiotherapy prior to surgery. The study
was approved by ethics committee of the Second Affiliated Hospital of Xuzhou Medical University (approval number
20180321), and all subjects had signed the informed consent files.

Animals
Experiments were carried out using 6-week-old male normotensive BALB/c nude mice (Vital River Biological Co.,
Ltd, Beijing, China) in the Animal Core Facility of Xuzhou Medical University. All the procedures were approved by
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Figure 2. Effects of angiotensin (Ang) II and losartan on lymphoma volume and weight

(A) Ang II increased, but losartan reduced lymphoma volume in nude mice. (B) Ang II increased, but losartan reduced lymphoma

weight in nude mice. (C) The representative photograph showed the tumor tissues in four groups. The mice were treated with Ang

II or losartan for 30 days. Results are expressed as mean +− SEM; N=8 for each group. *P<0.05 versus the PBS group; #P<0.05

versus the Ang II group.

the Experimental Animal Care and Use Committee of Xuzhou Medical University, and were conducted in accordance
with the Guide for the Care and Use of Laboratory Animals (NIH publication No. 85-23, revised 1996). The mice were
kept in a temperature-controlled room in a 12 h light–dark cycle with free access to standard chow and tap water. The
related experiments were conducted at Experimental Animal Center of Xuzhou Medical University.

© 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).

3

D
ow

nloaded from
 http://port.silverchair.com

/bioscirep/article-pdf/40/10/BSR
20202388/894886/bsr-2020-2388.pdf by guest on 10 April 2024



Bioscience Reports (2020) 40 BSR20202388
https://doi.org/10.1042/BSR20202388

Figure 3. Effects of angiotensin (Ang) II and losartan on SNK-6 cell proliferation and viability

(A) Ang II increased, but losartan attenuated SNK-6 cell proliferation according to the results of CCK-8 assay. (B) Ang II increased,

but losartan attenuated SNK-6 cell viability according to the results of MTT assay. (C) Ang II increased, but losartan attenuated

SNK-6 cell numbers. (D) Ang II increased, but losartan reduced proliferating cell nuclear antigen (PCNA) and Ki67 mRNA levels in

SNK-6 cells. (E) Ang II increased, but losartan reduced proliferating cell nuclear antigen (PCNA) and Ki67 protein levels in SNK-6

cells. SNK-6 cells were treated with Ang II or losartan for 24 h. Three independent times experiments were repeated. Results are

expressed as mean +− SEM. *P<0.05 versus the PBS group; #P<0.05 versus the Ang II group.

Cell culture
The human NK/T-cell lymphoma cell lines SNK-6 (ATCC) were cultured in RPMI-1640 (BioChannel Biological
Technology Co., Ltd.) supplemented with 10% fetal bovine serum (FBS; BioChannel Biological Technology Co., Ltd.)
and 700 U/ml interleukin-2 (IL-2), and incubated at 37◦C and 5% CO2. Losartan (an antagonist of AT1R [18]; 10−5
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Figure 4. Effects of ATIR down-regulation on the roles of Ang II in SNK-6 cell proliferation and viability

(A) AT1R down-regulation reversed the effects of Ang II on the increases of proliferation in SNK-6 cell. (B) AT1R down-regulation

reversed the effects of Ang II on the increases of viability in SNK-6 cell. (C) AT1R down-regulation reversed the effects of Ang II

on the increases of cell number. (D) AT1R down-regulation reversed the effects of Ang II on the increase of PCNA level in SNK-6

cells. (E) AT1R down-regulation reversed the effects of Ang II on the increase of Ki67 level in SNK-6 cells. Three independent times

experiments were repeated. Results are expressed as mean +− SEM. *P<0.05 versus the PBS+Ad-GFP group; #P<0.05 versus the

Ang II+Ad-GFP group.

M), wortmannin (an inhibitor of PI3K [19]; 10−7 nM, Selleck, Shanghai, China) or MK2206 (an inhibitor of Akt [20];
5 × 10−6 μM, Selleck) pretreatment lasted for 30 min, then, Ang II (10−6 M) was added.

Nude mice xenograft experiments
SNK-6 cells were pre-treated with PBS (BioChannel Technology Co., Ltd., Nanjing, China), Ang II (100 nM, Sigma,
MO, U.S.A.), losartan (2 μM, Sigma) or Ang II+Losartan in serum-free medium for 24 h prior to injection [21].
Therefore, the mice were randomly divided into four groups injected with SNK-6 cells treated with the above reagents.
Tumors were implanted through the subcutaneous injection of SNK-6 cell suspension (about 107) in PBS into the
right flank of the mice. Then, Ang II or losartan intraperitoneally injected into the mice every day. Tumor size was
measured every 5 days with electronic caliper. Tumor volume (V) was calculated by the formula: V = 0.5 × length
× width2 [22]. After 30 d, the mice were cervical dislocation after anesthetized with isoflurane (2.5%). Death was
confirmed by the absence of heartbeat, and corneal reflexes and paw withdrawal response to a noxious pinch. Tumor
samples were collected and weighed in all groups.
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Table 1 List of utilized primers for qRT-PCR

Gene Forward primer Reverse primer

PCNA CCTGCTGGGATATTAGCTCCA CAGCGGTAGGTGTCGAAGC

Ki67 GCCTGCTCGACCCTACAGA GCTTGTCAACTGCGGTTGC

GAPDH CACCCACTCCTCCACCTTTG CCACCACCCTGTTGCTGTAG

Abbreviations: GAPDH, glyceraldehyde-3-phosphate dehydrogenase; PCNA, proliferating cell nuclear antigen.

MTT assay
The viability of SNK-6 cells was detected using MTT assay (Sigma). The cells (104 cells / well) were cultured onto
96-well plates with 100 μl of growth medium at 37◦C with 5% CO2. After being culture for 24 h, the medium was
replaced with fresh culture medium containing 0.5 mg/ml MTT dye. After 4 h of incubation at 37◦C, the MTT solution
was replaced with 150 μl of DMSO. The absorbance at 490 nm was then detected with a microplate reader (BioTek,
VT, U.S.A.).

Cell Counting Kit-8 (CCK-8) proliferation assay
SNK-6 cell suspension (100 μl) was seeded into 96-well plate (1000 cells/well). Four groups were set in this assay: PBS
group, Ang II group, Losartan group and Losartan+Ang II group. Then, the cells were cultured in a CO2 incubator
and the cell viability was detected at 24, 48, and 72 h. A total of 10 μl of CCK-8 (Solarbio Science & Technology, Co.,
Ltd., Beijing, China) reagent were added into each well and the plates were incubated at 37◦C for 1.5 h. The optical
density value was measured at 450 nm using a microplate reader (BioTek, VT, U.S.A.) and a proliferation curve was
plotted.

Cell counting
SNK-6 cells were seeded into 96-well plate (1000 cells/well). Prepare hemocytometer by cleaning surface and glass
cover with 70% ethanol. After associated treatment, cells were counted using a automated cell counter (Countstar,
Ruiyu Biotech Co., Ltd, Shanghai, China).

Quantitative real time-PCR (qRT-PCR)
The total RNA in samples was extracted with Trizol (Ambion, TX, U.S.A.). In brief, total RNA was extracted using
TRIzol® (Invitrogen; Thermo Fisher Scientific, Inc.). cDNA was synthetized from RNA via reverse transcription
using random primers in a total volume of 10 μl, according to the instructions of the PrimeScript™ RT Master Mix
(37◦C, 15 min; 85◦C, 5 s; Takara Biotechnology Co., Ltd.). The mRNA levels of PCNA and Ki67 were determined with
SYBR Green I fluorescence. All cDNA was stored at −80◦C before use. mRNA levels were determined via Power SYBR
Green PCR Master Mix (Thermo Fisher Scientific, Inc.). All samples were amplified in triplicates for 40 cycles in a
384-well plate (95◦C, 15 s; 60◦C, 1 min) with a machine (Applied Biosystems, CA, U.S.A.). The relative gene expression
was determined using the 2−��Cq method [23]. The relative gene expression was determined by calculating the values
of �cycle threshold (�Ct) as a relative quantity to the endogenous control. The primers are shown in Table 1.

Western blotting
NK/T-cell lymphoma samples and corresponding normal tissues were lysed in RIPA buffer. After electrophoresis
and transfer to a nitrocellulose membrane, the proteins were probed with AT1R (1:2000, ab124734, Abcam, MA,
U.S.A.), proliferating cell nuclear antigen (PCNA, 1:2000, ab19166, Abcam), Ki67(1:5000, ab92742, Abcam), p-PI3K
(1:500, ab182651, Abcam), PI3K (1:1000, #4249, CST, MA, U.S.A.), p-Akt (1:2000, #4060, CST), Akt (1:1000, #4691,
CST) primary antibodies, followed by incubation with secondary antibodies (Abcam, MA, U.S.A.). The bands were
visualized using the enhanced chemiluminescence (ECL) substrate (BioChannel Biological Technology Co., Ltd.). The
protein level was normalized to the protein level of glyceraldehyde 3-phosphate dehydrogenase (GAPDH; 1:10000,
ab18602, Abcam).

Ang II determination
NK/T-cell lymphoma samples and paired normal tissues were homogenized in lysis buffer and centrifuged. The to-
tal protein in the supernatant was extracted and measured using a BCA protein assay kit (BioChannel Biological
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Figure 5. Effects of angiotensin (Ang) II and losartan on phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt) levels

Ang II increased, but losartan reduced the levels of p-PI3K and p-Akt. Three independent times experiments were repeated. Results

are expressed as mean +− SEM. *P<0.05 versus the PBS group; #P<0.05 versus the Ang II group.

Technology Co., Ltd.). The level of Ang II was measured using an enzyme-linked immunosorbent assay (ELISA) kit
(USCN Life Science Inc., Wuhan, China).

AT1R down-regulation
Recombinant Adenovirus-shRNA-AT1R (Ad-shRNA), and its negative control adenovirus (Ad-GFP) were both con-
structed and packaged by Genechem Co. (Shanghai, China). For knockdown experiments in vitro, 200 μl original
solution (2 × 108 transducing units/ml) was diluted in 2 ml Enhance Infection Solution (Genechem Co., Shang-
hai, China) to make the stock solution. When SNK-6 cells spread to 70–80% of the cultural dishes, the complete
medium was removed. The cells were then transfected with serum-free medium containing 8 μl stock solution of
Ad-shRNA/Ad-GFP per 1ml. After harvest for 8 hours, the medium was replaced with complete medium followed
by washing with PBS for three times.

Statistical analyses
Data were presented as the mean +− standard error of the mean (SEM) and analyzed using GraphPad Prism 7.0
(GraphPad software Inc., CA, U.S.A.). Statistical significance among two groups was evaluated by t-test and multiple
groups was evaluated by one-way analysis of variance (ANOVA) with the Bonferroni post-hoc test. A two-tailed
P-value <0.05 was considered statistically significant.
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Results
Levels of Ang II and AT1R
Ang II level was higher in lymphoma tissue than in control tissue (18.9 +− 2.6 vs. 9.4 +− 1.1 pg/mg protein, P=0.023)
(Figure 1A). AT1R expression level in lymphoma tissue was 1.9 times of that in control tissue (P=0.019) (Figure 1B).
Ang II can be detected in SNK-6 cells (36.6 +− 4.7 pg/mg protein).

Effects of Ang II and losartan on lymphoma volume and weight
Ang II treatment increased the volume of tumor at Day 20 (P=0.035). The mean tumor weight increased after 30 d of
treatment compared to that of PBS-treated control (P=0.024). After being treated with AT1R antagonist losartan for
20 d, the tumor volume was significantly reduced (P=0.031); After a treatment for 30 d, the mean tumor weight was
significantly reduced (P=0.009). Losartan inhibited the elevation in tumor volume (P=0.041) and weight (P=0.023)
induced by Ang II treatment (Figure 2A,B). The representative photographs of the tumor tissues in four groups are
presented in Figure 2C.

Effects of Ang II and losartan on SNK-6 cell proliferation and viability
Human NK/T-cell lymphoma cell line SNK-6 was treated with Ang II and losartan. The proliferative rate and viability
of NK/T-cell lymphoma cells was detected using CCK-8 and MTT. CCK-8 results showed that Ang II significantly
increased (P=0.012) and losartan significantly reduced (P=0.022) the proliferation of SNK-6 cells at 72 h. Losartan
inhibited the proliferation of SNK-6 cells increased by Ang II treatment (P=0.033) (Figure 3A). MTT results showed
that Ang II significantly increased (P=0.023) and losartan significantly reduced (P=0.018) the viability of SNK-6
cells at 72 h. Losartan inhibited Ang II-promoted the viability of SNK-6 cells (P=0.039) (Figure 3B). Cell number
was increased by Ang II treatment (P=0.002), and reduced by losartan (P=0.001). Losartan significantly inhibited
the increase of cell number induced by Ang II (P=0.010) (Figure 3C). PCNA (P=0.012) and Ki67 (P=0.009) mRNA
levels were increased in SNK-6 cells treatment with Ang II, and were reduced in SNK-6 cells treatment with losartan
(P=0.027 of PCNA and P=0.042 of Ki67). Losartan inhibited the increases of PCNA (P=0.011) and Ki67 (P=0.038)
mRNA levels in SNK-6 cells induced by Ang II (Figure 3D). PCNA (P=0.027) and Ki67 (P=0.019) protein levels were
increased in SNK-6 cells treatment with Ang II, and were reduced in SNK-6 cells treatment with losartan (P=0.041
of PCNA and P=0.039 of Ki67). Losartan inhibited the increases of PCNA (P=0.037) and Ki67 (P=0.024) protein
levels in SNK-6 cells induced by Ang II (Figure 3E).

Effects of ATIR down-regulation on the roles of Ang II in SNK-6 cell
proliferation and viability
AT1R down-regulation reversed the effects of Ang II on the increases of proliferation (P=0.007) and viability
(P=0.008) of SNK-6 cells. AT1R down-regulation reduced the proliferation (P=0.018) and viability (P=0.029) of
SNK-6 cells (Figure 4A,B). AT1R down-regulation reversed the effects of Ang II on the increases in cell number
(P=0.002), and AT1R reduced SNK-6 cell number (P<0.0001) (Figure 4C). PCNA (P=0.028) and ki67 (P=0.023)
expression levels were reduced by AT1R down-regulation. AT1R down-regulation inhibited the increasing effects on
the PCNA (P=0.038) and ki67 (P=0.040) expression levels in SNK-6 cells (Figure 4).

Levels of PI3K/Akt
The levels of p-PI3K (P=0.026) and p-Akt (P=0.036) in SNK-6 cells were increased by Ang II treatment, and de-
creased by losartan (P=0.041 of p-PI3K and P=0.045 of p-Akt). Losartan inhibited the increase of p-PI3K (P=0.039)
and p-Akt (P=0.016) after Ang II administration. PI3K and Akt levels showed no significant difference between the
four groups (Figure 5).

Effects of PI3K inhibitor on SNK-6 cell proliferation and viability
PI3K inhibitor wortmannin (100 nM) reduced the proliferation and viability of SNK-6 cells with CCK-8 (P=0.006)
and MTT (P=0.008) dectection. Wortmannin inhibited the proliferation and viability of SNK-6 cells that had been
enhanced by Ang II treatment with CCK-8 (P=0.040) and MTT (P=0.042) dectection (Figure 6A,B). The increase
of SNK-6 cell number induced by Ang II was inhibited by wortmannin (P=0.0004), and wortmannin reduced the
number of SNK-6 cell (P<0.0001) (Figure 6C). Wortmannin reversed the increases of PCNA (P=0.030) and Ki67
(P=0.033) mRNA levels in SNK-6 cells induced by Ang II (Figure 6D). The increases of PCNA (P=0.028) and Ki67
(P=0.043) protein levels in SNK-6 cells induced by Ang II were reversed by wortmannin administration (Figure 6E).
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Figure 6. Effects of phosphatidylinositol 3-kinase (PI3K) inhibitors on SNK-6 cell proliferation and viability

(A) PI3K inhibitor wortmannin reversed the proliferation-boosting effects of angiotensin (Ang) II in SNK-6 cells proliferation with

CCK-8 assay. (B) Wortmannin reversed the viability-boosting effects of Ang II in SNK-6 cells proliferation with MTT assay. (C)

Wortmannin reversed the increasing effects of Ang II on the number of SNK-6 cells. (D) Wortmannin reversed the effects of Ang II

on increasing the mRNA levels of proliferating cell nuclear antigen (PCNA) and Ki67. (E) Wortmannin reversed the effects of Ang II

on increasing the protein levels of PCNA and Ki67. Three independent times experiments were repeated. Results are expressed as

mean +− SEM. *P<0.05 versus the PBS group; #P<0.05 versus the Ang II group.
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Figure 7. Effects of protein kinase B (Akt) inhibitors on SNK-6 cell proliferation and viability

(A) Akt inhibitor MK2206 reversed the proliferation-boosting effects of angiotensin (Ang) II in SNK-6 cells proliferation with CCK-8

assay. (B) MK2206 reversed the viability-boosting effects of Ang II in SNK-6 cells proliferation with MTT assay. (C) MK2206 reversed

the increasing effects of Ang II on the number of SNK-6 cells. (D) MK2206 reversed the effects of Ang II on increasing the mRNA

levels of proliferating cell nuclear antigen (PCNA) and Ki67. (E) MK2206 reversed the effects of Ang II on increasing the protein

levels of PCNA and Ki67. Three independent times experiments were repeated. Results are expressed as mean +− SEM. *P<0.05

versus the PBS group; #P<0.05 versus the Ang II group.
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Effects of Akt inhibitor on SNK-6 cell proliferation and viability
Akt inhibitor MK2206 (5 μM) attenuated the increase in the proliferation and viability of SNK-6 cells induced by
Ang II administration with CCK-8 (P=0.033) and MTT (P=0.029) dectection (Figure 7A,B). MK2206 inhibited the
increases of PCNA (P=0.043) and Ki67 (P=0.032) mRNA levels in SNK-6 cells induced by Ang II (Figure 7C). The
increases of PCNA (P=0.041) and Ki67 (P=0.035) protein levels in SNK-6 cells induced by Ang II were reversed by
MK2206 treatment (Figure 7D).

Discussion
An aggressive Non-Hodgkin’s lymphoma, NK/T-cell lymphoma has a high incidence and a poor outcome in the
world [24]. Ang II in RAS is an active peptide regulating tissue remodeling, cell angiogenesis and proliferation [25,26].
Previous studies have shown that RAS is associated with lymphoma [12,27]. Our study found that the expression of
Ang II and AT1R increased in lymphoma tissues. Ang II increased the size and weight of lymphoma in nude mice
and the proliferation of SNK-6 cells via activating p-PI3K and p-Akt signaling pathway.

AT1 receptor is highly expressed in gastric cancer cell lines and tissues [28]. Ang II and AT1R levels increase in
gastric cancer tissues compared with healthy tissues [17]. Ang II facilitates the migration and metastasis of breast
cancer cells [21]. In the present study, we found that Ang II level was higher in lymphoma tissue than in control
tissue. AT1R expression level also increased significantly in lymphoma tissue as showed in Figure 1. These results
indicate that Ang II may be potently involved in the pathogenesis of lymphoma.

Activation of (pro) renin receptor and AT1R triggers the pathogenesis of conjunctival extranodal marginal zone
B-cell lymphoma by producing fibroblast growth factor 2 and matrix metallopeptidases [12]. AT1R overexpression is
an independent adverse prognosticator for esophageal squamous cell carcinoma (ESCC), and Ang II/AT1R signaling
stimulates ESCC growth [29]. In the present study, Ang II treatment increased the size and weight of lymphoma in
nude mice, but AT1R antagonist losartan significantly inhibited this trend in nude mice intraperitoneally injected
with NK/T-cell lymphoma cells. Furthermore, losartan hampered the increase in tumor volume and weight induced
by Ang II treatment as presented in Figure 2. These results indicate that Ang II promotes the growth of lymphoma in
mice with immune deficiency.

Ang II can promote the proliferation of human hepatocellular carcinoma HepG2 cells by activating AT1R [30].
Losartan suppresses Ang II-induced cholangiocarcinoma cell proliferation in a dose-dependent manner, and induced
cell apoptosis [31]. Ang II treatment enhances the mitogen and anti-CD3-stimulated proliferation of T and NK cells
[32]. Here we found that Ang II significantly increased and losartan significantly reduced the proliferation and via-
bility of SNK-6 cells in Figure 3. Losartan and AT1R knockdown inhibited the proliferation and viability of SNK-6
cells strengthened by Ang II treatment as showed in Figures 3 and 4. The levels of PCNA and Ki67 were increased by
Ang II, but reduced by losartan administration. These results demonstrate that Ang II enhances and AT1R antagonist
losartan significantly reduces lymphoma cell proliferation and viability.

Ang-(1–7) pretreatment inhibits tumor growth via suppressing PI3K/Akt/mTOR pathway [6]. Enforced ser-
ine/threonine kinase 33 expression promotes the growth of pancreatic neuroendocrine tumor via activating
PI3K/Akt/mTOR pathway [33]. The PI3K/AKT pathway activation is a marker actively implicated in pro-survival
cell signaling and cancer progression [34,35]. Also, the PI3K-Akt pathway activation exerts an antiapoptotic effect
on neuronal cells in rats with subarachnoid hemorrhage [36]. Moreover, a recent report indicated that the activation
of Lyn/PI3K/AKT pathway mitigated cytotoxicity in human lymphocytes under aggressive oxidative stress [37]. In
the present study, the levels of p-PI3K and p-Akt in SNK-6 cells increased after Ang II treatment, and this increase
was curbed by losartan in Figure 5. PI3K inhibitor wortmannin and Akt inhibitor MK2206 effectively reduced the
proliferation and viability of SNK-6 cells as presented in Figures 6 and 7. These results demonstrate that PI3K/Akt
can regulate the activity of Ang II in SNK-6 cells proliferation.

In conclusion, Ang II/AT1R may be potently associated with the pathogenesis of lymphoma, and AT1R inhibitors
may be used to combat lymphoma. Inhibition AT1R or Ang II synthesis may be a strategy for lymphoma treatment.
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