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Abstract: Abnormally high expression of CIP2A (cancerous inhibitor of protein phosphatase 2A) causes poor progno-
sis and promotes the malignant growth and development of a variety of solid and hematological tumors. Polyphyllin 
A (PPA) is a bioactive compound isolated from the Paris polyphylla that has inhibitory effects on several cancers. 
However, there are few reports on the effects of PPA on human lymphoma cells. Here, we determined the inhibitory 
effects of PPA on lymphoma cells by CCK-8 and cell counting assays. Flow cytometry and western blot assays were 
performed to assess apoptosis. Our data indicated that PPA inhibited growth and promoted apoptosis in the Raji and 
Jurkat lymphoma cell lines. PPA significantly downregulated CIP2A expression. PPA increased protein phosphatase 
2A activity and decreased Akt phosphorylation by reducing CIP2A. Furthermore, low CIP2A expression promoted 
PPA-induced lymphoma cell growth inhibition and apoptosis, while CIP2A overexpression antagonized these ef-
fects. These data suggested that PPA suppresses the growth and promotes the apoptosis of lymphoma cells via 
the CIP2A/PP2A/Akt signaling pathways. Therefore, PPA is expected to become a potential anticancer drug for the 
treatment of lymphoma.
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Introduction  

Malignant lymphoma is a large heterogeneous 
tumor. Lymphoma occurs in the lymph nodes, 
but because of the distribution of the lymphatic 
system throughout the body, lymphoma is a 
systemic disease that can affect almost all the 
tissues and organs in the body [1]. In 2018, 
there were approximately 589,530 new lym-
phoma cases and 274,891 lymphoma-related 
deaths worldwide [2]. Nearly 90% of lymphoma 
cases originate from B cells, but lymphoma can 
also be derived from T cells or natural killer 
cells [3]. Currently, chemotherapy, radiothera-
py, peripheral blood stem cell transplantation, 
rituximab and targeted therapy are used to 
treat lymphoma. However, there are still some 
more aggressive types of lymphoma  with lower 
survival rates [4]. Therefore, the discovery of 
new effective treatments is necessary to 
extend the survival time of lymphoma patients.

Cancerous inhibitor of protein phosphatase 2A 
(CIP2A) is a known oncogene that inhibits the 
phosphatase activity of protein phosphatase 
2A (PP2A) [5]. CIP2A is abundantly expressed in 
many solid malignancies and is associated with 
tumorigenesis, chemotherapy and apoptosis 
resistance, and poor prognosis [6-9]. We previ-
ously reported that abnormally high expression 
of CIP2A is also related to poor prognosis in 
acute myeloid leukemia and multiple myeloma 
[10, 11]. In 2013, Lilja L. et al. reported upregu-
lated expression of CIP2A in B cell lymphoma 
[12]. The molecular biological function of CIP2A 
and the underlying mechanisms in lymphoma 
remain unclear. Therefore, it is urgent to con-
duct in-depth studies to explore the underlying 
mechanisms of CIP2A activation in lymphoma 
cells.

Natural products derived from traditional 
Chinese herbal medicines are still an important 

http://www.ijcem.com


Efficacies of Polyphyllin A on lymphoma

8430 Int J Clin Exp Med 2020;13(11):8429-8437

resource for oncology drug discovery. The Paris 
polyphylla is a member of the Liliaceae family 
and is a traditional Chinese herbal medicine. P. 
polyphylla has been used to treat infectious 
diseases and tumors [13]. This species is wide-
ly distributed in China’s Yunnan Province and 
the Shennongjia National Nature Reserve. The 
root of P. polyphylla, called Chonglou (Rhizoma 
Paridis), has been used to treat sore throat, 
mumps, snake bites, hemostasis, and malig-
nancies [14, 15]. One of the main active ingre-
dients of Choulou, namely polyphyllin A (PPA, 
Figure 1), exerts anticancer effects in several 
tumor types [16-18]. This article aims to explore 
the toxicity of PPA, and the mechanism, in 
human lymphoma cells.

Material and methods

Ethics statement 

All the studies were performed according to  
the protocol approved by Hubei University of 
Medicine (Institutional Review Board No.: 
2019-TH-052). All the peripheral blood sam-
ples were collected after written informed con-
sent was obtained from healthy volunteers. 

Reagents 

PPA (purity ≥ 95%) was purchased from Yuanye 
Bio-Technology Co., Ltd. (Shanghai, China). The 
compound was dissolved in DMSO at a stock 
solution of 4 mM. 

Cell culture

The human B lymphoma Raji and Jurkat cell 
lines, and the T cell leukemia Molt-4 cell line 
were obtained from ATCC (Manassas, VA, USA). 
The cells were cultured in Dulbecco’s RPMI 

Cells were seeded in 96-well plates at 1×104 
cells/well, pre-cultured for 4 h, and then treat-
ed with PPA. Cytotoxicity was detected by the 
CCK-8 assay. Cell viability was detected by try-
pan blue dye exclusion. Cell morphology was 
detected by Wright-Giemsa staining.

Apoptosis assay 

Cells were harvested and stained with an 
AV-FITC kit (BD Biosciences, San Jose, CA, 
USA), and apoptosis was detected by flow 
cytometry using a BD FACScanto II flow cytom-
eter (Becton Dickinson, San Jose, CA) [16, 19]. 

Western blot

Cells were collected and lysed with RIPA buffer. 
The protein lysates were isolated by SDS-PAGE. 
The gel was then transferred to a PVDF mem-
brane (Millipore, Kenilworth, NJ, USA). The pri-
mary antibodies used were anti-CIP2A (1:500 
dilution; catalog no. sc-80662), anti-phospho-
Akt (S473) (1:500 dilution; catalog no. sc-7985), 
anti-Akt (1:500 dilution; catalog no. sc-8312) 
(Santa Cruz Biotechnology, Santa Cruz, CA, 
USA), anti-caspase-3 (1:1000 dilution; catalog 
no. 9662), anti-PARP (1:1000 dilution; catalog 
no. 9542), anti-PP2A (1:1000 dilution; catalog 
no. 2038) (Cell Signaling Technology, Danvers, 
MA, USA), and anti-GAPDH (1:5000 dilution; 
catalog no. M20006; Abmart, Shanghai, China). 
The blots were then washed, and incubated 
with a horseradish peroxidase (HRP)-conju- 
gated secondary antibody (1:10000 dilution; 
catalog no. E030120-01 (rabbit) and E030110-
01 (mouse); EarthOx, LLC, San Francisco, CA, 
USA) at room temperature for 1.5 h. Detection 
was performed using the SuperSignal® We- 
st Pico Trial kit (Pierce Biotechnology, Inc., 
Rockford, IL, USA). The defined sections of the 

Figure 1. Chemical structure 
of PPA.

1640 medium (Gibco BRL, 
Grand Island, NY, USA) supple-
mented with 10% or 15% FBS 
(Gibco BRL) and antibiotics.

Peripheral blood mononucle-
ar cells (PBMCs)

PBMCs were isolated from the 
peripheral blood of 3 healthy 
volunteers by Ficoll-Hipaque 
density sedimentation.

Cell viability and morphology
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film were scanned to capture the images, and 
quantification was performed using Adobe 
Photoshop software (CS4, Adobe Systems 
Incorporated, USA) and ImageJ software (Na- 
tional Institutes of Health, Bethesda, MD, USA).

PP2A activity assay

A PP2A phosphatase assay kit (Upstate, Te- 
mecula, CA) was used according to the manu-
facturer’s instructions [20].

RNA interference

siRNA targeting CIP2A (Biomics, Jiangsu, China) 
was transfected into the cells by using HiPerFect 
Transfection Reagent (Qiagen). 24 h after trans-
fection, the cells were treated with or without 
PPA for the indicated times and then harvested 
for western blot and CCK-8 assays. The siRNA 
sequences were as follows: 5’-CUGUGGUU- 
GUGUUUGCACUTT-3’ (CIP2A siRNA1), 5’-ACC- 
AUUGAUAUCCUUAGAATT-3’ (CIP2A siRNA2), 5’- 
UUCUCCGAACGUGUCACGUTT-3’ [negative con-
trol (NC) siRNA] [21].

Transfection with overexpression plasmid

The pOTENT-1-CIP2A expression plasmid was 
purchased from Youbio Co. (Changcha, China). 
Transfection of the plasmid into Raji and Jurkat 

cells was carried out using Lipofectamine 3000 
transfection reagent (Invitrogen). 

Statistical analysis

SPSS 22.0 (IBM Corp., Armonk, NY, USA) and 
GraphPad Prism 8.0 (GraphPad Software, Inc., 
La Jolla, CA, USA) were utilized for all the statis-
tical analyses. The results were analyzed using 
unpaired Student’s t-test or one-way analysis  
of variance followed by Bonferroni posttest. 
Differences were considered statistically sig-
nificant when P < 0.05. All the experiments 
were repeated at least three times. 

Results 

PPA suppresses the growth of lymphoma cell 
lines

The human lymphocyte cell lines Raji, Jurkat, 
and Molt-4 were treated with PPA (Figure 2A-C). 
The results indicated that PPA exerted a signifi-
cant cytotoxic effect on the Raji, Jurkat, and 
Molt-4 cells, with 24 h IC50 values of 1.78 μM, 
2.25 μM, and 2.39 μM, respectively. Trypan 
blue exclusion analysis indicated that PPA 
reduced the viability of the Raji (Figure 2D) and 
Jurkat (Figure 2E) cells. PPA exhibited relatively 

Figure 2. PPA inhibits the growth of lymphocyte cell lines. A-C. The inhibitory effects of PPA on the Raji, Jurkat, and 
Molt-4 cell lines were investigated at 24 h and 48 h by the CCK-8 assay. D, E. The effects of PPA on Raji and Jurkat 
cell growth were investigated by trypan blue exclusion analysis. F. The CCK-8 assay was used to detect the cytotoxic-
ity of PPA on PBMCs of 3 healthy volunteers at 48 h.
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Figure 3. PPA promotes caspase-mediated apoptosis in lymphoma cells. A. Raji or Jurkat cells were treated with PPA 
for 24 h and then analyzed by annexin V/PI staining and flow cytometry. B-D. Raji or Jurkat cells were treated with 
PPA for 24 h and then subjected to western blot. E. Raji cells were treated with PPA for 24 h and then stained with 
Giemsa staining. Scale bar = 100 µm. Each data point represents the mean ± SD of three independent experiments 
that were analyzed with a T-test. *, P < 0.05; **, P < 0.01; ***, P < 0.001.

low toxicity in normal PBMCs (Figure 2F), sug-
gesting that it has a relatively specific inhibitory 
effect on lymphoma cells.

PPA promotes caspase-mediated apoptosis in 
lymphoma cell lines 

We evaluated whether PPA can induce apopto-
sis in lymphoma. Apoptotic cells were analyzed 

using flow cytometry. PPA promoted an increase 
in the proportion of early apoptotic cells (annex-
in V+/PI-) (Figure 3A). After treatment with 1.6 
μM PPA, the proportion of early apoptotic Raji 
cells increased from 1.38% to 26.39%, and the 
proportion of apoptotic Jurkat cells increased 
from 0.39% to 21.06%. Furthermore, western 
blot analysis suggested that PPA significantly 
decreased the levels of pro-caspase-3 (pro-
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casp-3) and cleaved PARP in the Raji and Jur- 
kat cells (Figure 3B-D). Additionally, significant 
apoptotic morphological features, such as cell 
membrane shrinkage, chromatin concentration 
in the nucleus, and DNA fragmentation, were 
observed in Raji cells treated with PPA (Figure 
3E). These results indicated that PPA promoted 
caspase-mediated apoptosis in lymphoma cell 
lines.

PPA suppresses CIP2A/PP2A/Akt signal axis 
in lymphoma cell lines 

CIP2A is a well-known oncoprotein in several 
types of cancer. Several natural antitumor com-
pounds have been reported to downregulate 
CIP2A expression [9, 22]. We detected whether 
PPA altered CIP2A expression. With increasing 
doses, PPA downregulated CIP2A expression in 
Raji and Jurkat cells. Additionally, we demon-
strated that PPA decreased CIP2A expression 

in a time-dependent manner (Figure 4A, 4B). 
CIP2A inhibits PP2A by directly binding to it 
[23]. Next, we showed that PP2A activity in the 
PPA-treated Raji and Jurkat cells was signifi-
cantly increased (Figure 4C, 4D). Abnormal 
inactivation of PP2A leads to activation of its 
downstream molecule Akt [23]. Furthermore, 
we showed that PPA reduced the levels of phos-
phorylated Akt (pAkt) in Raji and Jurkat cells. 
Moreover, the levels of the total Akt protein 
changed slightly (Figure 4E, 4F). These results 
indicated that PPA downregulates CIP2A to 
reactivate PP2A and suppress Akt phosphory-
lation in lymphoma cell lines.

Decreased CIP2A expression is necessary for 
PPA to suppress proliferation and promote 
apoptosis in lymphoma cell lines

We further examined the effects of low expres-
sion of CIP2A on the inhibition of growth and 

Figure 4. PPA suppresses the CIP2A/PP2A/Akt signaling axis. A. Raji or Jurkat cells were treated with PPA for 24 h, 
and then, the expression of the indicated proteins were determined via western blot. B. Raji (or Jurkat) cells were 
treated with 1.0 μM (or 1.2 μM) PPA for the indicated times and then subjected to western blot. C. Raji or Jurkat 
cells were treated with the indicated doses of PPA for 24 h and subsequently subjected to a PP2A activity assay. D. 
Raji (or Jurkat) cells were treated with 1.0 μM (or 1.2 μM) PPA for the indicated times and subsequently subjected 
to a PP2A activity assay. E. Raji or Jurkat cells were treated with PPA for 24 h and then subjected to western blot. 
F. Raji (or Jurkat) cells were treated with 1.0 μM (or 1.2 μM) PPA for the indicated times, and the cell lysates were 
analyzed by western blot. Each data point represents the mean ± SD of three independent experiments that were 
analyzed with a T-test. *, P < 0.05.
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induction of apoptosis by PPA. Two siRNAs tar-
geting CIP2A were synthesized, and lymphoma 
cells transfected with these siRNA exhibited 
reduced CIP2A expression (Figure 5A). We fur-
ther examined the role of CIP2A in the anti-lym-
phoma effects of PPA. CIP2A siRNA was trans-
fected into Raji and Jurkat cells before PPA 
treatment. CCK-8 and western blot assays 
were used to detect changes in cell prolifera-
tion and apoptosis. It is worth noting that low 

expression of CIP2A promotes the PPA-induced 
inhibition of proliferation (Figure 5B) and acti-
vation of apoptosis (Figure 5C). Assessment of 
caspase-3 and PARP expression indicated that 
PPA reduced the levels of pro-casp-3 and 
increased the levels of cleaved-PARP in the Raji 
and Jurkat cells with low CIP2A expression 
(Figure 5D, 5E). Furthermore, we overex-
pressed CIP2A in Raji and Jurkat cells and 
examined its effect on the anti-lymphoma 

Figure 5. A decrease in CIP2A expression is necessary for PPA to suppress the proliferation and promote the apopto-
sis of lymphoma cell lines. A. Raji or Jurkat cells were transfected with siRNA for 48 h and then subjected to western 
blot analysis. B. Raji or Jurkat cells were transfected with siRNA for 48 h and then subjected to a CCK-8 assay. C. 
Raji or Jurkat cells were transfected with siRNA for 24 h and then subjected to PPA (1.0 μM) treatment for 24 h. Cell 
apoptosis was examined by annexin V/PI staining and flow cytometry. D, E. Raji or Jurkat cells were transfected with 
siRNA for 24 h, subsequently subjected to PPA (1.0 μM) treatment for 24 h, and examined by western blot. F. Raji or 
Jurkat cells were transfected with the pOTENT-1-CIP2A expression plasmid for 48 h and then subjected to western 
blot analysis. G. Raji or Jurkat cells were transfected with the pOTENT-1-CIP2A expression plasmid for 24 h and then 
subjected to a CCK-8 assay. H. Raji (or Jurkat) cells were transfected with CIP2AOE, subsequently subjected to 1.0 
μM PPA (or 1.2 μM) treatment for 24 h and analyzed by western blot. Each data point represents the mean ± SD of 
three independent experiments that were analyzed with a T-test. *, P < 0.05.
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effects of PPA (Figure 5F). The results show 
that high expression of CIP2A antagonizes the 
PPA-induced inhibition of proliferation (Figure 
5G) and activation of apoptosis (Figure 5H). In 
summary, the results described above indicat-
ed that inhibition of CIP2A is very important for 
the therapeutic effect of PPA on lymphoma.

Discussion

It has been reported that PPA has a therapeutic 
effect on multiple myeloma by inhibiting the 
β-catenin signaling pathway [24]. The therapeu-
tic effects of PPA on lymphoma cell lines, as 
well as the underlying mechanisms, are 
unknown. This research investigation found 
that PPA has a therapeutic effect on lymphoma 
cell lines by suppressing the CIP2A/PP2A/Akt 
signaling axis. This finding suggests that PPA 
has potential therapeutic effects on patients 
with lymphoma. 

Apoptosis, which is a type I programmed cell 
death process, is caused by exogenous death 
receptor signaling or endogenous mitochondri-
al signaling. It is widely known that inducing the 
activation of apoptosis in cancer cells is the 
mechanism of most cancer treatments [25]. 
Activation of apoptosis is characterized by 
cleavage of caspase-3 and PARP, release of 
cytochrome C, and fragmentation of DNA. The 
present study used flow cytometric assays to 
assess apoptosis, and these assays indicated 
that 1.6 µM PPA induced apoptosis in 26.39% 
and 21.06% of Raji and Jurkat cells, respective-
ly (Figure 3A). Increasing the concentration of 
PPA significantly decreased the levels of pro-
casp-3 and cleaved PARP (Figure 3B). Thus, 
PPA may induce caspase-mediated apoptosis 
in lymphoma. In addition, Wright-Giemsa stain-
ing showed that the nuclear/cytoplasmic ratio 
of PPA-treated Raji cells was decreased (Figure 
3C), suggesting that the cells had undergone 
apoptosis.

Several natural compounds exert therapeutic 
effects in tumors by targeting the oncoprotein 
CIP2A [22, 26, 27]. This study found that PPA 
significantly downregulated the abnormal high 
expression of CIP2A in lymphomas (Figure 4A, 
4B) and attenuated its inhibitory effect on the 
activity of PP2A, thereby restoring the activity 
of PP2A. Inactivation of the regulatory subunits 
of PP2A, abnormal expression of the scaffold 
subunits and mutations are often observed in a 

variety of human cancers [28]. Studies have 
reported that restoring PP2A activity may be a 
new strategy for treating cancer [29, 30]. 
Further results showed that PPA decreased the 
activity of Akt, which is a downstream molecule 
of the CIP2A/PP2A signaling (Figure 4E, 4F). 
The constitutive activation of Akt is a key locus 
in the progression of multiple cancers and mul-
tidrug resistance [31]. Therefore, PPA may be a 
new tumor therapy drug that targets the CIP2A/
PP2A/Akt signaling axis. We further demon-
strated that low expression of CIP2A can sensi-
tize cells to PPA-induced cytotoxicity and apop-
tosis activation (Figure 5B-E). Conversely, 
abnormal high expression of CIP2A attenuates 
PPA-induced cytotoxicity and apoptosis activa-
tion (Figure 5G, 5H). Although the knockdown 
of CIP2A and the therapeutic effect of PPA 
showed similar results, PPA acted in part 
through the downregulation of CIP2A. However, 
even if CIP2A expression is reduced to an unde-
tectable level, PPA can still exert its toxic effect. 
Similarly, overexpression of CIP2A promoted 
the growth of lymphoma cells, but PPA dis-
played a weak but still inhibitory effect on lym-
phoma cells that overexpressed CIP2A. These 
data suggested that PPA inhibited lymphoma 
cell growth and promoted apoptosis by decreas-
ing CIP2A expression and then repressing 
PP2A/Akt signaling.

This study revealed that PPA suppressed the 
proliferation and promoted the apoptosis of 
two lymphoma cell lines. Moreover, PPA 
decreased CIP2A expression and suppressed 
the PP2A/Akt signaling cascade to reduce pro-
liferation and promote apoptosis. Overall, PPA 
is expected to be used for the treatment of 
lymphoma.
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