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Abstract This study sought to evaluate the anticancer effects of
Crataegus pinnatifida Bunge root extract (CPE) on murine Lewis
lung carcinoma cells (LLC1) in vitro. CPE treatment (2.5, 5,
10 pg/mL, 24 h) of LLC cells led to a dose-dependent decrease in
cell viability, while CPE treatment did not have a cytotoxic effect
on non-cancer cells (NIH/3T3). CPE affects LLC by flipping the
plasma membrane and making the membrane more permeable; by
flow cytometry, CPE-induced annexin V and propidium iodide
positivity, indicating induction of apoptosis in LLC cells. In
addition, CPE enhanced the expression of apoptotic proteins
caspase-3 and poly (ADP-ribose) polymerase 1 (PARP-1). CPE
upregulated the proapoptotic protein BCL-2-associated X while
downregulating the anti-apoptotic protein B-cell lymphoma 2
(BCL-2), suggesting that CPE induces apoptosis via the mitochondrial
pathway. Furthermore, CPE upregulated the phosphorylation of
the mitogen activated protein kinase p38. In conclusion, the results
suggest that CPE has an anticancer effect in LLC cells by
inducing apoptosis via p38.
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Introduction

Cancer is one of the major causes of death worldwide [1]. Lung
cancer has the highest overall mortality among the different types
of cancers [2]. In Korea, the rate of new lung cancer diagnosis was
58.4 people per 100,000 in 2019, with a mortality rate of 36.2
people per 100,000 [3]. There are two different types of lung
cancer: non-small cell lung cancer (NSCLC) and small cell lung
cancer. Their incidence in Korea is 79 and 21%, respectively [4].
Although NSCLC has a higher incidence, it currently has fewer
available treatment options [7].

The main treatments for NSCLC are surgery, radiation therapy,
and chemotherapy [5-9]. The main purpose of the initial surgical
procedure is to eliminate the solid tumor. Radiation then kills
remaining cancer cells by applying radiation beams to a specific
part of the patient’s body [7,10]. Radiation creates free radicals,
which are highly reactive and cause DNA damage to cancer cells
[7,10]. Although radiation therapy is one of the most common
cancer treatments, NSCLC is less sensitive to radiation than other
cancers [7]. Finally, chemotherapy drugs can be used independently
or mixed together in various proportions [11,12], all typically with
the intended effect of inducing apoptotic cell death specifically in
cancer cells [13].

Apoptosis is also known as programmed cell death; when it
occurs, cells shrink, the nuclear envelope and DNA strands
fragment, and the plasma membrane blebs [14]. Apoptosis
signaling can occur via either the intrinsic or extrinsic pathway.
The intrinsic pathway is initiated by intracellular stress, such as
DNA damage and growth factor defection [15]. The extrinsic
pathway is initiated by a signal from outside the cell [15]. These
stimuli induce signaling cascades, resulting in the release of
cytochrome C from the mitochondria. Cytochrome C combines
with apoptotic protease-activating factor 1 to form an apoptosome,
which activates caspase-9 [15]. Subsequently, apoptosis initiates
when the effector caspases are activated [15]. The extrinsic
pathway is initiated by the binding of a ligand to one of the death
receptors [16]. This results in the recruitment of adapter proteins


https://orcid.org/0009-0005-5579-7971
https://orcid.org/0000-0002-1300-0101
https://orcid.org/0000-0002-0846-7153

300

J Appl Biol Chem (2023) 66:41, 299-304

containing death domains, such as tumor necrosis factor receptor
type 1-associated via death domain or Fas-associated via death
domain [17]. The adapter-protein complex binds to and activates
pro-caspase-8 [18]. Active caspase-8 induces apoptosis by
mediating the cleavage of proapoptotic proteins such as BH3-
interacting domain death agonist [18].

When chemotherapeutic drugs induce apoptosis in cancer cells,
however, patients can suffer from side effects like myelo-
suppression, nausea, and vomiting [19]. To find substitutes for
these harsh drugs, significant research has been done on the
therapeutic potential of natural products. For example, Honokiol
from Magnolia officinalis has an anti-cancer effect in colon cancer
[35]. And Morusin from Morus alba L. has an anti-cancer effect
in cervical cancer [35].

Crataegus species, including the fruit of the hawthorn Crataegus
pinnatifida Bunge var. typica Schneider, have long been used for
traditional medicine in Korea [20,22]. Traditionally, the fruit of C.
pinnatifida was used to treat hypertension and cardiovascular
disease [21]. Other parts of the C. pinnatifida plant also have
therapeutic potential. For example, the leaves, wood, bark, and
fruit have all been shown to have an antioxidant activity [24-26].
The leaves of C. pinnatifida have anti-allergic effect [23], and the
wood and bark have anti-inflammatory effects [25]. Furthermore,
it has been reported that C. pinnatifida fruit has antitumor effects
in gastrointestinal cancer [27]. Plant-derived secondary products
abundantly present in leaves, fruits, and roots of C. pinnatifida are
flavonoids, for example, quercetin, hyperoside, and rutin [36]. The
flavonoids of the genus Crataegus have recently received great
attention [36].

However, the biological effects of the C. pinnatifida root have
rarely been studied. Therefore, based on the anticancer effect of
the hawthorn fruit [26], the current study was designed to
investigate the anticancer effect of the hawthorn root using an in
vitro cell model of murine lung carcinoma.

Materials and Methods

Materials

The Lewis lung carcinoma (LLC1) murine cell line and the NIH/
3T3 murine fibroblast cell line were purchased from the American
Type Culture Collection (Rockville, MD, USA). Dulbecco’s
Modified Eagle’s Medium (DMEM), fetal bovine serum (FBS),
newborn calf serum (NBCS) and trypsin were obtained from
Gibco Laboratories (Grand Island, NY, USA). Cell counting kit-
8 (CCK-8) was purchased from Dojindo (Tokyo, Japan). Alexa
Fluor 647-conjugated annexin V and propidium iodide (PI) dye
for double staining assay were purchased from Invitrogen.
Primary antibodies for b-actin and B-cell lymphoma 2 (BCL-2)
were obtained from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). Primary antibodies for BCL-2-associated X (BAX), poly
(ADP-ribose) polymerase (PARP), cleaved caspase-3, p38,

phosphorylated-p38 (p-p38), extracellular signal-regulated kinase
(ERK), p-ERK, c-Jun N-terminal kinase (JNK), and p-JNK were
obtained from Cell Signaling Technology (Beverly, MA, USA).
Secondary antibodies for b-actin, BCL-2, BAX, PARP, cleaved
caspase-3, p38, p-p38, ERK, p-ERK, INK, p-JNK were obtained
from Cell Signaling Technology.

Sample extract preparation and treatment

C. pinnatifida Bunge root extract (CPE) was purchased from the
Korea Plant Extract Bank (Korea). CPE was prepared via
methanol extraction. Cells were treated with low (2.5 pg/mL),
middle (5 pg/mL), or high (10 pg/mL) concentrations of CPE,
denoted as CPE-L, CPE-M, CPE-H, respectively. Control cells
were treated with dimethyl sulfoxide (DMSO) alone. DMSO was
added in the same concentration as the highest CPE treatment
dose (10 pg/mL). These concentrations were used for all of the
following assays.

Cell culture conditions

LLCI1 cells were cultured in DMEM supplemented with 10% FBS
and maintained in a humidified incubator with 5% CO, at 37 °C.
NIH/3T3 cells were cultured in DMEM supplemented with 10%
NBCS and maintained in a humidified incubator with 5% CO, at
37°C.

Cytotoxicity assay

Cell proliferation was determined by using a CCK-8 kit. Cells
were detached from the plate using trypsin. 5x10° cells were
seeded per well in a 96-well plate, then placed in a humidified
incubator for 24 h. Cells were treated with low, middle, or high
concentrations of CPE and incubated for 24 h. After the 24-h
treatment, 10 uL. of CCK-8 reagent was added to each well, and
plates were placed in a dark incubator. Cell viability was
determined after 3 h of incubation by measuring optical density
values at 450 nm using a microplate reader.

Annexin V and PI staining

1x10° cells were seeded in a 60 mm dish and incubated for 24 h.
Cells were then treated with low, middle, or high concentrations of
CPE and placed in a humidified incubator for 24 h. Cells were
then detached from the dish using trypsin and centrifuged at 3000
rpm for 5 minutes. After discarding the supernatant, cells were
washed with 500 pL of phosphate-buffered saline containing 2%
FBS, then centrifuged again at 3000 rpm for 5 minutes. The
supernatant was discarded and 200 pL of binding buffer and 10
L of Alexa Fluor 647-conjugated annexin V antibody were
added to each sample. After 15 minutes, cells were centrifuged
and the supernatant was discarded. 200 pL of binding buffer and
10 uL of PI fluorescent dye were added to each sample. Samples
were analyzed using flow cytometry through FL-1 (BL2) and FL-
2 (RL1) filters.
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Western blot

LLC1 cells were collected and lysed in lysis buffer with protease
inhibitors (Xpert Protease Inhibitor Cocktail Solution, GenDEPOT)
and phosphatase inhibitors (Xpert Phosphatase Inhibitor Cocktail
Solution, GenDEPOT). Proteins were separated in 7.5, 10, or 15%
SDS-PAGE gels, depending on target protein size, then transferred
to polyvinylidene fluoride membranes. Blots were blocked in 5%
skim milk for 1 h at room temperature, then incubated overnight
at 4 °C with primary antibodies: caspase3, PARP, BAX, BCL-2,
ERK, p-ERK, JNK, p-JNK, p38, or p-p38 at 1000-fold dilutions
and B-actin at a 5000-fold dilution. The membranes were washed
with tris-buffered saline containing 0.1% TWEEN 20 and were
then incubated at room temperature for an h with horseradish
peroxidase (HRP)-conjugated anti-mouse antibody at a 2000-fold
dilution and HRP-conjugated anti-rabbit antibody at a 3000-fold
dilution. Proteins were detected using enhanced chemiluminescence
reagent (GE Healthcare, Buckinghamshire, UK). Protein bands
were quantified and analyzed using Image] software. All
experiments were performed in triplicate.

Statistical analysis

All of the data were presented as mean + standard deviation (SD).
According to one-way ANOVA, analyses were considered to be
significant at p <0.05*, p <0.01**, p <0.001***, and p <0.0001****
compared to the control.

Results and Discussion

CPE treatment decreases viability of LLC1 cells

Murine lung cancer LLC1 cells were treated with different
concentrations of CPE (2.5, 5, or 10 pg/mL), or with DMSO as a
negative control. After 24 h of treatment, cell viability was
analyzed by CCK-8 assay. Higher treatment concentration yielded
lower viability of LLC1 cells compared to the control (Fig. 1A).
In previous studies, Mouse embryo fibroblast NIH/3T3 cell line
was used as a comparison target with tumor cell line for
cytotoxicity evaluation [37-39]. Thereafter, in this study, NIH/3T3
cell line is used as non-cancer cells for cytotoxicity evaluation. We
performed the same experiment using the murine fibroblast NIH/
3T3 cell line. No decrease in cell viability with CPE treatment was
observed in the non-cancerous cells (Fig. 1B), demonstrating a
cancer cell-specific cytotoxic effect of CPE.

CPE induces apoptosis of LLC1 cells

To investigate if CPE decreased cell viability by inducing
apoptosis, an annexin V/PI double staining assay and a western
blot assay were conducted. Annexin V staining indicates early and
late apoptotic cells, while PI stains dead cells in stages of late
apoptosis or necrosis. Therefore, live cells are negative for both
annexin V and PI, necrotic cells are negative for annexin V and
positive for PI, early apoptotic cells are positive for annexin V and
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Fig. 1 CPE treatment decreases viability specifically in LLC1 cells. (A)
LLC1 cells were treated with 2.5, 5, or 10 ug/mL of Crataegus
pinnatifida Bunge root extract (CPE) for 24 h. (B) NIH/3T3 cells were
treated with 2.5, 5, or 10 pg/mL of CPE for 24 h. Viability was measured
by CCK-8 assay. All data are presented as mean value = standard
deviation (SD), and n=3 in each group. **p <0.01 and ****p <0.0001
compared to the control

negative for PI, and late apoptotic cells are positive for both
annexin V and PI. As shown in Fig. 2A-D, the overall apoptosis
rates were 19%, 33%, and 81% for CPE-L, CPE-M, and CPE-H,
respectively, showing a tendency of increased apoptosis with
increasing concentration of CPE (compared to a 3% rate of
apoptosis in the control group). The breakdown of early and late
apoptosis was 5.03 and 14.10%, respectively, for CPE-L, 13.08
and 19.50% for CPE-M, and 42.39 and 38.40% for CPE-H.

To confirm the induction of apoptosis by CPE, western blot
analysis was performed. Caspase-3 acts as the apoptotic “executioner”
caspase and is activated by cleavage [28]. Cleavage of PARP-1 is
also considered as a hallmark of cell death during apoptosis [29],
and occurs when the final protein in the apoptosis process is
activated [30]. The expression of cleaved caspase-3 and cleaved
PARP both significantly increased with H-CPE treatment (Fig.
2E-G). These results indicate that CPE-H induces apoptosis by
activating caspase-3 and cleavage of PARP.

CPE induces apoptosis via the mitochondria-mediated intrinsic
pathway
To determine whether the apoptosis induced by CPE progressed
via the intrinsic or extrinsic pathway, western blot analysis was
performed. In general, the intrinsic apoptosis pathway is regulated
by the relative ratios of BAX and BCL-2 [31]. BCL-2 is involved
in cell survival and inhibits apoptosis by various stimuli, making
it a negative regulator of apoptosis [32]. BAX, on the other hand,
plays an important role in the early stage of apoptosis as a
proapoptotic protein [33]. BAX expression was upregulated by
increasing concentrations of CPE (Fig. 3A). Overall, the ratio of
BAX to BCL-2 increased significantly with CPE-H compared to
the control (Fig. 3A, B). These results suggest that the apoptosis
induced by CPE treatment is related to a mitochondrial pathway
dependent on BCL-2 family proteins.

We confirmed that CPE triggers intrinsic, mitochondria-mediated
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Fig. 2 CPE treatment increases apoptosis in LLC1 cells. LLC1 cells were treated with (A) DMEM medium alone or CPE (B) 2.5 pg/mL, (C) 5 pg/mL,
and (D)10 pg/mL for 24 h. Cells were labeled with Alexa Fluor 647-conjugated annexin V and stained with propidium iodide, and flow cytometry was
used to detect the intracellular fluorescence intensity in cells. (E) Protein expression levels of caspase-3, cleaved caspase-3, PARP, and cleaved PARP
were assessed by western blot analysis following treatment with 2.5, 5, or 10 pg/mL of CPE for 24 h. B-Actin served as a loading control. (F), (G)
Relative ratio of protein levels in (E). All data are presented as the mean + SD of the percentage of the control, and n =3 in each group. *p <0.05 and
***p <0.001 compared to the control

B
(A) CPE (ug/mL) ( ): 3000 el
bk @
Control 25 5 10 E
°
&}
Bax | =  ——ms D G g 2000-
2
2 =]
Bel-2 TR . — E
& 1000
B-actin | CHENENED G G a— @
P
ﬁ ﬁ
B ol e I " 1

I
CON 25 -] 10

Concentration(pg/mL)

Fig. 3 CPE treatment increases BAX/BCL-2 ratio in LLCI cells. (A) Protein expression levels of BAX and BCL-2 were assessed by western blot
analysis following treatment of LLCI cells with 2.5, 5, or 10 pg/mL of CPE for 24 h. B-Actin served as a loading control. (B) Relative ratio of protein
levels in (A). All data are presented as the mean + SD of percentage of the control, and n =3 in each group. ****p <0.0001 compared to the control

apoptosis. Our results show that CPE treatment upregulates
proapoptotic BAX expression and downregulates antiapoptotic
BCL-2 expression, elevating the overall BAX/BCL-2 ratio in
LLCT1 cells. These results suggest that the apoptosis induced by
CPE treatment is related to a mitochondrial pathway dependent on
BCL-2 family proteins. In conclusion, we demonstrated that CPE
induces apoptosis in LLC1 cells, and that it occurs through the
intrinsic mitochondrial pathway.

CPE-mediated apoptosis is induced via p38

To determine the underlying signaling pathway of CPE-induced
apoptosis, we performed western blot analysis of the mitogen
activated protein kinase (MAPK) p38. The MAPK signaling
pathway is involved in cell proliferation and cell survival [34].
The MAPK p38 is known to be induced by cellular stress and
involved in apoptosis [34]. Our results showed that both CPE-M
and CPE-H treatment led to significantly increased phosphorylation
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Fig. 4 CPE-induced apoptosis occurs via p38 activation. Protein expression levels of ERK, p-ERK, p38, and p-p38 were assessed by western blot
analysis following treatment with 2.5, 5, or 10 pg/mL of CPB for 24 h. f-Actin served as a loading control. All data are represented as the mean + SD
of the percentage of the control, and n =3 in each group. **p <0.01 and ***p <0.001, compared to the control

of p38 (7.85- and 11.82-fold over control, respectively) (Fig. 4A,
B). Therefore, our results indicated that CPE induces apoptosis by
activating the p38 MAPK pathway.

The results of this study showed that the natural product CPE
indicated cytotoxic activity in one murine lung carcinoma cell
line, without demonstrating toxicity to non-cancerous murine lung
fibroblasts. We demonstrated that this cytotoxicity occurs via the
intrinsic apoptotic pathway, mediated by mitochondria. Therefore,
CPE merits further exploration for potential use and pharmaceutical
development as a lung cancer treatment.
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