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Cytotropic heterogeneous molecular lipids inhibit the growth of glioma
cells by inducing apoptosis and autophagy
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Abstract: The cytotropic heterogeneous molecular lipid (CHML) is a mixture of lipids isolated from natural products.
CHML is an effective therapy for various kinds of cancers; however, the effect of CHML on glioma cells was seldom
reported. Here, we aim to explore the cytotoxicity of CHML on glioma cells, and analyze the possible mechanisms.
U251 glioma cells were cultured with CHML at different concentration, and the growth inhibition was measured by
CCK-8 assay. Induced apoptosis were detected by flow cytometry, and the induced autophagies were observed by a
transmission electron microscope. The key molecules involved in apoptosis and autophagy were detected by quantitative
PCR and western-blot. CHML might inhibit the growth of U251 cells and promote apoptosis by up-regulating the
expressions of Caspase-8 and Caspase-3; CHML also induced autophagy of U251 cells by promoting the expressions of
MAP LC-3 and Beclin-1. CHML can inhibit proliferation of U251 cells by promoting cell apoptosis and inducing

autophagy.
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INTRODUCTION

Gliomas are the most common primary brain tumor and
are among the most challenging tumors for neurosurgeons.
So far, the therapeutic effect of glioma is still not satisfied,
even combining surgery, radiotherapy and chemotherapy,
with a median survival times being less than 15 months
from time of diagnosis (Stupp et al., 2005). Thus, there is
increased interest in finding new agents for glioma
treatment, because of the lack of extraordinarily effective
treatment (Stewart, 2002, Babcock et al., 2008, Packer
and Vezina, 2008, Ullrich et al., 2008).

CHML is the abbreviation of cytotropic heterogeneous
molecular lipids; here, the cytotropic means that the lipids
have an affinity for cytological cells, especially for the
membrane structure of cancer cells. “Heterogeneous”
indicates the similarity of biological properties as lipids of
the membranes of cancer cells. Molecular lipids suggest
the molecular size of the lipids.

All the components of CHML are isolated from natural
products and prepared by lipid-activated methods. CHML
mainly consists of unsaturated fatty acids and its
phospholipid composition facilitates penetration through
the cellular plasma membrane (Chen et al., 2007). Thus,
CHML has active orientation to penetrate into the
membrane of cancerous cells and has relatively high
idiosyncratic absorbing capacity by target cells. Results
showed that CHML, as a biological molecular missile,
can easily penetrate through the target cancerous cells to
perform programmed cell death (PCD). It has been
reported that CHML is an effective therapy for
hepatocellular carcinoma (Chen et al., 2007), breast
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carcinoma (Zhan et al., 2001), colorectal carcinoma, lung
cancner (Zhan and Xu, 1999), et al. Our previous research
showed that CHML could induce apoptosis on U87
glioma cell line (Zhou et al., 2014) and later we
confirmed the induced apoptosis of CHML on U251
glioma cell line. Moreover, we also found that CHML
could induce autophagy in U251 cells. For the effect of
CHML on glioma was seldom published in English
literatures, here, we reported that CHML could inhibit the
proliferation of glioma cells by not only enhancing
cellular apoptosis and but also inducing autophagy.

MATERIALS AND METHODS

Cell line and reagents

The U251 human glioma cell line (purchased from the
American Type Culture Collection, Shanghai, China) was
cultured in RPMI-1640 (Gibco, Shanghai, China)
containing 10% fetal bovine serum (Hyclone, Shanghai,
China). The real-time quantitative PCR kit was Sso Fast
Eva Green Supermix, from Fermentas (USA). The CCK-8
kit for cytotoxic effect study was bought from Sigma Co.
(Shanghai, China). The Annexin V-PE/7-AAD kit for
apoptosis detection was products of BD Biosciences
(Shanghai, China). The antibodies against Caspase-8 and
Caspase-3 were bought from Cell Signaling (Shanghai,
China), and antibodies against MAP-LC3, Beclin-1 and $-
actin were purchased from Santa Cruze (USA).

CCK-8 assay

The in vitro cytotoxic effect of CHML on U251 glioma
cells was evaluated by CCK-8 assay. First, the U251
glioma cells were seeded into a 96-well culture plates
with a cellular density of 1x10* cells/well. Followed by
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24 hours’ incubation at 37, then cells were treated with
CHML at different concentrations (Opg/ml, 50pg/ml,
100pg/ml, 150pg/ml and 200ug/ml). Seventy-two hours
after treatment, the viability of U251 glioma cells was
detected with CCK-8 kit based company’s protocol.
Moreover, we calculated the inhibition ratios by the
formula: Inhibition ratio= (OD,4 0f control group- ODgsq
of experimental group)/ OD 4, 0f control group.

Effect of CHML on the growth of U251 cells
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Fig. 1: the invitro cytotoxic effect of CHML on U251
cells was detected by CCK-8 assay.
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Fig. 2: Apoptosis of U251 cells. (A) U251 cells were
treated with CHML (150pg/ml), the sum of apoptosis
ration in Q2 and Q4 was 62+4.16%; (B) in the control
group, the sum of apoptosis ration in Q2 and Q4
wasb.7+0.9%; which was significantly lower than that of
experiment group, p<0.05, n=5 replicates/condition.

Flow cytometric analysis of apoptosis

The U251 glioma cells (1x10°) in experiment group were
treated with CHML (150pg/ml) or cells in control group
were treated with medium only. Forty-eight hours later,
treatments were terminated, and cells were rinsed in cold
PBS. Then apoptosis in both groups were detected by
flow cytometric analysis with Annexin V-PE/7-AAD Kkit.
Briefly, 1x10° cells in either croup were incubated with
5ul Annexin V-PE (as the early apoptotic marker) and 5ul
7-AAD (as the late apoptotic marker) in 100ul of 1x
Annexin V binding buffer at room temperature for 15min.
Then, 400ul of 1x binding buffer was added and the
apoptotic cells were analyzed by a flow cytometry.
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Fig. 3: the ultra-structural characteristics of U251 cells
under a TEM. A, the ultra-structure of U251 cells in the
control group seems to be intact (bar=Ipum). B, the
cytoplasm of U251 cells treated with CHML was swelling
and lightly stained. A white arrow showed the liposome-
like structure; the white arrowheads showed denatured
mitochondria, and  black  arrowheads  showed
autophagosomes (bar=1um). C, showed two U251 cell in
experiment group. There were plenty of liposome-like
structures in either cell (white arrows). The left cell was
lightly stained with swelling RER (black arrows); the
right one was darkly stained with a shrunken appearance,
where the cell body began to disintegrate, (bar=2pum).

Transmission electron microscope (TEM)

U251 cells in both groups were treated at 4 in sodium
cacodylate buffered (0.1M, pH 7.4) 5% glutaraldehyde
fixative for 2 hours. Cells then were rinsed twice in PBS,
postfixed with 1% PBS-buffered osmium tetroxide for
half an hour, and dehydrated with a series of graded
ethnol. During dehydration, cells were stained with a
saturated uranyl acetate solution in 70% ethanol, and then
were embedded for the ultra structural study. Ultrathin
sections were prepared by a diamond knife and stained by
lead citrate for 8min. Grids were examined under a JEOL -
1230 TEM (Tokyo, Japan).

Real-time Quantitative PCR

U251 cells in either group were treated for 48 hours, then
total RNA was extracted with Trizol and cDNA was
generated. The forward and reverse oligo-nucleotide
primers, specific to Caspase-8, Caspase-3, MAP LC3,
Beclin-1 and GAPDH (as control) were mixed with
cDNA. PCR cycles duration temperature was 10 min at
95°C, then followed by 50 rounds of 10 s at 95°C for and
30 s at 60°C. The amplification specificity was analyzed
by melting curves. Threshold cycle (Ct), which correlated
inversely with the candidate mRNA levels, was calculated
using the second derivative maximum algorithm. The
mMRNA levels of each target molecule were normalized to
the level of GAPDH mRNA.
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Fig. 4: CHML modulates apoptosis and autophagy related
molecules. A, The transcriptions of Caspase-8, Caspase-3,

2600

Pak. J. Pharm. Sci., Vol.32, No.6, November 2019, pp.2599-2603




MAP LC3, and Beclin-1 in U251 cells were detected by
Real-time quantitative PCR. *p<0.05 compared with
control group, n=3 replicates per condition. B, The
translations of Caspase-8, Caspase-3, MAP LC3, and
Beclin-1 in U251 cells were detected by western blot. -
actin was kept as the control. The results showed obvious
up-regulations of these molecules in U251 cells treated by
CHML.

Western blot analysis

Cells were washed with cold PBS and lysed in lysis buffer
containing 10mM Tris- HCI (pH 7.4), 150mM NacCl, 1%
Triton X100, 1% sodium deoxycholate, 0.1% SDS, 5mM
EDTA, 1mM PMSF, 0.28ku/L aprotinin, 50mg/L
leupeptin, ImM benzamidine, and 7mg/L pepstain A.
Protein concentration was determined using a BCA kit
(Pierce). Total cellular lysates (30mg per sample) was
subject to electrophoresis on 10% SDS PAGE gel using a
constant current, and subsequently transferred onto
nitrocellulose membranes; Blocked with 5% (w/v) non-fat
dry milk in Tris-buffered saline containing 0.05% Tween-
20, the membrane was incubated with a primary
antibodies specific for Caspase-8, Caspase-3, MAP-LC3,
Beclin-1, and B-actin in blocking solution for three hours.
Membranes were washed and followed by incubation
with horseradish peroxidase conjugated second antibody
in TBST containing 3% non-fat dry milk for another 1
hour. Immunological activity was detected with enhanced
chemo luminescent autoradiography according to the
manufacturer’s instructions. The signal intensity of
primary antibody binding was quantitatively analyzed
with Sigma Scan Pro 5 and was normalized to a loading
control B-actin. Statistical analysis was carried out by
paired t-test.

STATISTICAL ANALYSIS

All data are presented as the means + standard deviation.
Significant difference was evaluated by t-test between two
samples. A value of p<0.05 was considered as statistical
significance.

RESULTS

Inhibition of cell growth by CHML

To test the effect of CHML on U251 glioma cells, CCK-8
assay were performed. The in vitro U251 cells viability
was examined 3 days after treatment with CHML.
Compared with control group, CHML could inhibit the
growth of U251 cells by a dose-dependent manner. In
addition, when the CHML concentration was 150pg/ml,
the inhibition reached the plateau stage. Therefore, in the
following experiments, we kept the concentration of
CHML being 150pg/ml in experiment group (fig. 1).

Induced apoptosis by CHML
To explore the mechanism by which CHML inhibits U251
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cells growth; the apoptosis of U251 cells in either group
were analyzed using Annexin V-PE (early apoptotic
marker) and 7-AAD (late apoptotic marker) double
staining by flow cytometry. As shown in fig. 2, CHML
(150pug/ml) treatment resulted in 62+4.16% of U251 cells
apoptosis, whereas there was only 5.7£0.9% apoptotic
U251 cells occurring in control group.

Induced autophagy by CHML

The inhibition ratio of CHML on U251 cells was higher
than the ratio of induced apoptosis, there may be some
other mechanisms leading to the growth inhibition from
CHML. To answer this question, we detected the ultra-
structure changes of U251 cell before and after treatment
with CHM. As shown in fig. 3, under a TEM, the ultra-
structure of U251 cells in control group was intact. The
morphological structures of organelles, such as rough
endoplasmic reticulum (RER) and mitochondrion were
normal. As well, there were no obvious pyknosis and
chromatin condensation (fig. 3A). However, the ultra-
structures of U251 cells treated with CHML were
different. In cytoplasm, there were plenty of liposome-like
structures, which factually were the aggregates of
particulate CHML, with diameters being 0.4pm-2pm
(generally being 0.8um). Some cells were swelling, where
the electronic density of cytoplasm decreased, with
expanded RER, denatured mitochondria, and even lots of
autophagosomes (fig. 3B, C). Some cells were shrunken,
where cytoplasm, containing abundant liposome-like
structures, began to disintegrate, with chromatin pyknosis
and deeply stained nuclei (fig. 3C).

Molecular mechanisms

In order to make clear the molecular mechanisms for
enhanced apoptosis and induced autophagy, we detected
the transcriptions of some key-molecules for either
apoptosis or autophagy by Real-time quantitative PCR,
and the translations of those molecules by western blot.
The results showed that both Caspase-8 and Caspase-3
had increase transcriptional and translational expressions;
in addition, the transcriptions and translations of both
MAP-LC3 and Beclin-1 were enhanced significantly (fig.
4).

DISCUSSION

Cytotropic heterogeneous molecular lipid (CHML), a
mixture of lipids isolated from natural products, was
developed as an anticancer drug by Glory F &D Co. Ltd,
(USA). Our CCK-8 assay results showed that CHML
could inhibit the growth of U251 cells by a dose-
dependent manner (fig. 1). Then, what are the
mechanisms leading to the growth inhibition? According
to the biochemical characteristics of CHML and previous
research, we first believed that PCD probably is the
underlying reason. PCD, referring to apoptosis and
autophagy, is proposed to be cell death in any
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pathological format mediated by an intracellular program.
Sometimes, programmed necrosis is also regarded as a
type of PCD. Then we detected apoptosis in both control
group and experiment group using Annexin V-PE and 7-
AAD double staining by flow cytometry. Our results
confirmed a significantly enhanced apoptosis in U251
cells treated with CHML (fig. 2).

Apoptosis is also considered as type | PCD. There are two
pathways leading to apoptosis, i.e. the extrinsic-death
receptor pathway and intrinsic- mitochondrial pathway
(Eum and Lee, 2011). The activation of extrinsic pathway
will finally activate pro-caspase-8, which proceeds to
trigger pro-caspase-3, the penultimate enzyme for
execution of the apoptotic process (Kerr et al., 1972). The
intrinsic pathway will lead to activation of Caspase-9
(Wen et al.,, 2012), which then activates Caspase-3,
subsequently activating the downstream Caspase cascade
finally generating apoptosis (Muzio et al., 1996). Being
cysteine proteases, Caspases family members have an
important role in the apoptotic process, among which,
Caspase-3 is the key enzyme and a major effector. In our
study, we detected the expressions of both Caspase-8 and
Caspase-3, and our results showed there were
significantly enhanced expressions of both molecules in
U251 after CHML treatments. Therefore, CHML could
promote U251 glioma cells’ apoptosis by triggering both
the extrinsic and intrinsic pathway.

When we found that the inhibition ratio of CHML on
U251 cells was higher than the ratio of induced apoptosis,
we suspected autophagy may involve in the growth
inhibition from CHML. Autophagy, or type Il PCD, is a
process of protein degradation and turnover of the
destroyed cell organelles, which were wrapped in double
or multimembrane autophagic vesicles and delivered to

their own lysosomal system (Gozuacik and Kimchi, 2004).

In general, autophagy plays a crucial pro-survival role in
homeostasis when there is deprivation of nutrients and/or
growth factors. (He and Klionsky, 2009). However, it was
reported that autophagic cells may commit suicide by
undergoing cell death when under excessive stress
(Eisenberg-Lerner et al., 2009, Bialik et al., 2010).

Beclin-1/PI3K-I11 complex is involved in the formation of
autophagosomes and initiation of autophagy (Blommaart
et al., 1997). Thus the expression level of Beclin-1 may
indicate the activity of autophagy. Nowadays, MAP-LC3
is regarded as a specific marker of autophagosomes
(Kabeya et al., 2000, Mizushima et al., 2001, Munafo and
Colombo, 2001, Kanzawa et al., 2004). However, the
ultra structure study by TEM is the most convincing and
standard method to detect autophagy (Gozuacik and
Kimchi, 2004). Here, we examined the ultra structure of
U251 cells, together with the detection of the expressions
of both Beclin-1 and MAP LC3 by Real-time PCR and
western blot. Our results showed that the autophagic

activity in U251 cells increased significantly after CHML
treatments. Therefore, CHML could also inhibit the
growth of U251 glioma cells by the induction of
autophagy.

However, are there intricate interrelationships or crosstalk
between the apoptosis and autophagy in glioma cells after
treatment of CHML? Can apoptosis and autophagy exert
synergetic effects, or conversely? These questions remain
further study in the future.

CONCLUSION

CHML can inhibit proliferation of U251 cells by
promoting cell apoptosis and inducing autophagy.

REFERENCES

Babcock MA, Kostova FV and Guha AJ (2008). Tumors
of the central nervous system: Clinical aspects,
molecular mechanisms, unanswered questions, and
future research directions. Neurol., 23(10): 1103-1121.

Bialik S, Zalckvar E, Ber Y, Rubinstein AD and Kimchi A
(2010). Systems biology analysis of programmed cell
death. Trends in Biochemical Sciences, 35(10): 556-
564.

Blommaart EF, Krause U, Schellens JP, Vreeling-
Sindelarova H and Meijer AJ (1997). The
phosphatidylinositol 3-kinase inhibitors wortmannin
and LY294002 inhibit autophagy in isolated rat
hepatocytes. Eur. J. Biochem., 243(1-2): 240-246.

Chen XC, Yu B, Dong JC, Gu YX, Chen L, Wu QZ, Hou
NP, Liu JX, Xu JT, Jin RX, Jin GQ, Yang XD, Cao YW,
Tan JJ, Zhu B, Shen JC, Xu Z, Varticovski L and Wang
XW (2007). A phase Il clinical trial with cytotropic
heterogeneous molecular lipids (CHML) for patients
with hepatic malignancies. Anticancer Res., 27(3B):
1593-1600.

Eisenberg-Lerner A, Bialik S, Simon HU and Kimchi A
(2009). Life and death partners: Apoptosis, autophagy
and the cross-talk between them. Cell Death Differ.,
16(7): 966-975.

Eum KH and Lee M (2011). Crosstalk between autophagy
and apoptosis in the regulation of paclitaxel-induced
cell death in v-Ha-ras-transformed fibroblasts. Mol.
Cell Biochem., 348(1-2): 61-68.

Gozuacik D and Kimchi A (2004). Autophagy as a cell
death and tumor suppressor mechanism. Oncogene,
23(16): 2891-2906.

He C and Klionsky DJ (2009). Regulation mechanisms
and signaling pathways of autophagy. Annu. Rev.
Genet., 43(1): 67-93.

Kabeya Y, Mizushima N, Ueno T, Yamamoto A and
Kirisako T, Noda T, Kominami E, Ohsumi Y and
Yoshimori T (2000). LC3, a mammalian homologue of
yeast Apg8p, is localized in autophagosome
membranes after processing. EMBO J., 19(21): 5720-

2602

Pak. J. Pharm. Sci., Vol.32, No.6, November 2019, pp.2599-2603



5728.

Kanzawa T, Germano IM, Komata T, Ito H, Kondo Y and
Kondo S (2004) Role of autophagy in temozolomide-
induced cytotoxicity for malignant glioma cells. Cell
Death Differ., 11(4): 448-457.

Kerr JF, Wyllie AH and Currie AR (1972). Apoptosis: A
basic biological phenomenon with wide-ranging
implications in tissue kinetics. Br. J. Cancer, 26(4):
239-257.

Mizushima N, Yamamoto A, Hatano M, Kobayashi Y,
Kabeya Y, Suzuki K, Tokuhisa T, Ohsumi Y and
Yoshimori T (2001). Dissection of autophagosome
formation using Apg5-deficient mouse embryonic stem
cells. J. Cell Biol., 152(4): 657-668.

Munafo DB and Colombo MI (2001). A novel assay to
study autophagy: regulation of autophagosome vacuole
size by amino acid deprivation. J. Cell Sci., 114(20):
3619-3629.

Muzio M, Chinnaiyan AM, Kischkel FC, O'Rourke K,
Shevchenko A, Ni J, Scaffidi C, Bretz JD, Zhang M,
Gentz R, Mann M, Krammer PH, Peter ME and Dixit
VM (1996). FLICE: A novel FADD-homologous
ICE/CED-3-like protease, is recruited to the CD95
(Fas/APO-1) death--inducing signaling complex. Cell,
85(6): 817-827.

Packer RJ and Vezina G (2008). Management of and
prognosis with medulloblastoma: Therapy at a
crossroads. Arch. Neurol, 65(11): 1419-1424.

Stewart LA (2002). Chemotherapy in adult high-grade
glioma: A systematic review and meta-analysis of
individual patient data from 12 randomised trials.
Lancet, 359(9311): 1011-1018.

Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher
B, Taphoorn MJ, Belanger K, Brandes AA, Marosi C,
Bogdahn U, Curschmann J, Janzer RC, Ludwin SK,
Gorlia T, Allgeier A, Lacombe D, Cairncross JG,
Eisenhauer E, Mirimanoff RO, European Organisation
for R, Treatment of Cancer Brain T and Radiotherapy
G (2005). National Cancer Institute of Canada Clinical
Trials G Radiotherapy plus concomitant and adjuvant
temozolomide for glioblastoma. N. Engl. J. Med.,
352(10): 987-996.

Ullrich RT, Kracht LW and Jacobs AH (2008).
Neuroimaging in patients with gliomas. Semin. Neurol.
28(04): 484-494.

Wen X, Lin ZQ, Liu B and Wei YQ (2012). Caspase-
mediated programmed cell death pathways as potential
therapeutic targets in cancer. Cell Proliferation, 45(3):
217-224.

Zhan Q and Xu Z (1999). CHML suppresses cell growth
and induces apoptosis in multiple human tumor lines.
Anticancer Res, 19(4B): 2893-2899.

Zhan Q, Zhao SC and Xu Z (2001). Antitumor activity of
cytotropic heterogeneous molecular lipids (CHML) on
human breast cancer xenograft in nude mice.
Anticancer. Res., 21(4A): 2477-2482.

Zhou B, Chen DJ, Ren J, Chong DI and Lou MQ (2014).

Yaodong Zhao et al

Proliferation inhibition of human brain glioma U87
cells by cytotropic heterogeneous molecular lipid. J.
Tongji. Univ., 35(5): 6-10.

Pak. J. Pharm. Sci., Vol.32, No.6, November 2019, pp.2599-2603

2603



