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Abstract. Histone deacetylases (HDACs) are highly expressed 
in intrahepatic cholangiocarcinoma (ICC) and are associated 
with poor prognosis of these patients. The aim of the present 
study was to explore the inhibitory effects of HDAC inhibitors 
on ICC cells and identify effective and sensitive drugs for 
ICC. Effects of 34 HDAC inhibitors were screened through 
two rounds of cell viability assays, and HC toxin, a cyclic 
tetrapeptide first isolated from the secondary metabolite of 
Helminthosporium carbonum, exhibited an antitumor activity 
superior to that of the other HDAC inhibitors and gemcitabine. 
The mechanisms involved in the inhibitory effects of HC 
toxin on CCLP-1 cells were investigated by cell counting, 
colony formation assay, cell morphological observation, 
real-time PCR, western blotting and flow cytometry. It was 
demonstrated that HC toxin inhibited the cell proliferation 
and clone formation ability of the CCLP-1 cells. HC toxin 
increased the acetyl-histone H4 level and this was associated 
with the inhibitory effect of HC toxin on the CCLP-1 cells. We 
also found that HC toxin reduced the level of HDAC1 protein 

in a post-transcriptional manner. Morphological observation 
showed multiple morphological changes and indicated the 
possibility of cell differentiation owing to HC toxin. With 
increasing concentration of HC toxin, the cell cycle was 
gradually arrested at the G0/G1 stage and the percentage 
of apoptotic cells increased which was not mainly through 
the caspase-3-dependent ways. These results indicated that 
HC toxin was the most effective among the various HDAC 
inhibitors with multiple functions in the suppression of ICC 
in vitro. Thus, HC may be a potential chemotherapeutic for 
ICC.

Introduction

Intrahepatic cholangiocarcinoma (ICC) is an epithelial cell 
malignancy arising from cholangiocytes within the liver. 
Although ICC is rare, the morbidity and mortality rates have 
markedly increased over the last three decades, particularly in 
European and American countries (1). Unlike hepatic cellular 
carcinoma and hilar cholangiocarcinoma, the dormant clinical 
symptoms and ambiguous imaging features make it even 
harder for ICC to be diagnosed at an early stage (2,3). Thus, the 
chance for curative resection is generally limited, and patients 
with ICC are also not suitable for liver transplantation (4). 
Moreover, owing to its desmoplastic character, complicated 
tumor microenvironment and rich genetic heterogeneity, ICC 
is consistenly resistant to traditional chemotherapeutics (5,6). 
Various targeted therapeutics and combined chemotherapy 
do not demonstrate desired results except for the protocol of 
gemcitabine plus cisplatin which achieves a median survival 
time of only 11.7 months for patients who do not receive 
surgery (7,8). Therefore, new sensitive therapeutics are 
urgently needed.

Histone deacetylases (HDACs) are responsible for the 
removal of acetyl groups from the lysine residues on the 
N-terminal part of core histones (H2A, H2B, H3 and H4) and 
maintain a balance with histone acetylase in normal organisms. 
When overexpressed, HDACs may give rise to the forma-
tion of het erochromatin without DNA binding by associated 
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transcription factors. As a result, it may silence various key 
genes, which play important roles in transcriptional regulation, 
cell cycle progression and developmental events. In the occur-
rence and development of ICC, HDACs play an oncogene 
role (9). Expression of HDAC1 was found to be significantly 
correlated with lymph node metastasis, high stage carcinoma 
and vascular invasion of ICC and was found to be negatively 
correlated with prognosis (10). Therefore, it is reasonable to 
regulate the expression and activity of HDACs for the treat-
ment of ICC. Although studies have reported the effects of 
various HDAC inhibitors on bile duct cancer cells (11-13), to 
the best of our knowledge, no research concerning the effects 
of HDAC inhibitors on ICC has been reported to date.

HC toxin, a cyclic tetrapeptide first isolated from the 
secondary metabolite of Helminthosporium carbonum (14), 
is thought to be a type of HDAC inhibitor in plants, insects 
and mammals (15). It was found to exhibit antitumor activities 
in several types of human cancer cells with stronger anti-
tumor activity than other HDAC inhibitors in neuroblastoma 
cells (16-18). In the present study, we explored the effects 
of 34 types of HDAC inhibitors on ICC cell lines in vitro, 
compared the anti-ICC activity of HC toxin with other HDAC 
inhibitors and investigated the mechanisms involved in the 
inhibitory effects of the HC toxin on ICC in vitro.

Materials and methods

Cell culture and HDAC inhibitors. ICC cell lines RBE and 
SSP-25 (obtained from Piken University, Japan) and CCLP-1 
and TFK-1 (obtained from the University of Pittsburg, 
USA) were cultured in RPMI-1640 medium (Gibco, USA) 
containing 10% fetal calf serum (FCS) (HyClone, USA). 
All media contained 2 mM L-glutamine, 100 U/ml of peni-
cillin G and streptomycin. The cell lines were passaged 
twice/week and maintained at 37˚C in 5% CO2-95% air (vol/
vol). Trichostatin A (TSA), suberohydroxamic acid (SAHA), 
gemcitabine (GEM), HC toxin and other HDAC inhibitors 
(Cayman 11076, no. 0466317) were dissolved in dimethyl 
sulfoxide (DMSO) at 10 mM ready for usage.

Cell viability assay. Cells were plated in 96-well plates (at 
5x103 cells/well), and divided into trial control and blank 
groups co-cultured with HDAC inhibitors, solvent or nothing 
for 48 h in three replicates, respectively. Cell viability was 
verified by adding Cell Counting Kit-8 (CCK-8; Dojindo, 
Japan) into the well at a final concentration of 10% after 
discarding the previous supernatant and incubating for 2-4 h 
at 37˚C. Then, the absorbance at 450 nm was examined using 
a microplate reader (Mithras LB 940; Berthold Technologies 
GmbH & Co., Bad Wildbad, Germany) and displayed as the 
optical density (OD). Cell viability = (trial group OD - blank 
group OD)/(control group OD - blank group OD) x 100%.

Cell counting. Cells were plated in 6-well plates (at 5x104 cells/
well). After culturing with the HDAC inhibitors at different 
doses for 24-72 h with medium changed every 24 h, the cells 
were digested and dissolved using phosphate-buffered saline 
(PBS) as single-cell suspension. Cell number was examined 
using the Countess Cell Counting Chamber (Invitrogen, 
USA).

Colony formation assay. Single-cell suspensions were plated 
into 6-well plates at a density of 300-500 cells/well. After the 
cells became adherent, the medium was replaced and different 
doses of HC toxin were added. The cells were cultured for 
10-14 days at 37˚C and stained with Giemsa staining after 
being fixed with 4% paraformaldehyde (Sigma, USA). Viable 
colonies were counted. Colony formation rate = colony 
number/number of plated cells x 100%.

Giemsa staining and light microscopic observation. Cells 
were grown on coverslips placed in 6-well plates (at 5x104/
well) in advance and cultured with HC toxin for two days. 
After being fixed with 4% paraformaldehyde and washing 
with PBS three times/5 min, the cells were stained by Giemsa 
staining (Xiangya, China) for 15-30 min and then placed on a 
microscopic slide. An upright metallurgical microscope (Euro 
immune; Germany) and an inverted microscope (Olympus, 
Japan) were used to observe the morphology of the cells 
with and without Giemsa staining, respectively. Images were 
captured and cells with apoptotic bodies were counted.

Flow cytometry. The cells were harvest after incubation with 
the HC toxin or solvent for 48 h. For apoptosis assessment, 
7-AAD combined with FITC-conjugated Annexin V (both 
from BioLegend, USA) were used to treat the cells according 
to the manufacturer's protocols. For cell cycle analysis, the 
cells were collected in 0.001% Triton of PBS and stained with 
7-AAD alone after being fixed in 5 ml of 70% cold ethanol for 
24 h. Approximately 10,000-20,000 cells were analyzed with 
a FACSCalibur using CellQuest software (both from Becton-
Dickinson, USA). FlowJo 7.6.1 was used to analyze the data.

Western blot analysis. Total proteins were extracted using 
the protein extraction kit (KeyGen Biotech, China) and 
were transferred onto a polyvinylidene fluoride membrane 
(Millipore, Germany) after being separated on 10% 
SDS-PAGE. Anti-bax, anti-bcl-2, anti-cytochrome c (Santa 
Cruz Biotechnology, Santa Cruz, CA, USA), anti-β-actin 
(Bioeasy, Korea), anti-caspase-3 (Abcam, USA), anti-HDAC1 
(Cell Signaling Technology, USA), and anti-acetyl-histone 
H4 (Upstate) were used to detected proteins and the 
homologous secondary antibody conjugated with horseradish 
peroxidase were then used to detect the primary antibodies. 
Immunoreactive bands were cast to X-ray film (Carestream, 
China) after shining by a chemiluminescent substrate 
(Millipore, Germany). ImageJ software (National Institutes 
of Health, Bethesda, MA, USA) was used to calculate the 
relative expression of proteins.

Real-time PCR. Total RNA was extracted from the cells plated 
in 6-well plates after treatment with the HC toxin for 48 h 
using an RNA simple extracted kit (Tiangen China). Reverse 
transcription reaction was immediately performed using the 
PrimeScript RT reagent kit (Takara, Japan). Real-Time PCR 
was carried out in an ABI 7500 Real-Time PCR system (Life 
Technologies) using the SYBR II-Green PCR kit (Takara), and 
the data are shown in 2-ΔΔCt format. β-actin was used as inner 
reference. Primers for HDAC1 were: 5'-CTCCATCCGTCCAG 
ATAAAT-3' and 5'-GCCACAGAACCACCAGTAG-3'; and 
primers for β-actin were: 5'-GAGAAGGCGTGACATTAAG-3' 
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and 5'-GAAGGAAGGCTGGAAGAG-3' (both from Sangon, 
China). All the processes were performed according to the 
manufacturer's protocols included in the kits, correspondingly.

Statistical analysis. Every experiment was performed at least 
three times in triplicate, and data are shown as the mean ± SD. 
Differences between groups were assessed using the Student's 
t-test (one sample or paired t-tests), and were considered as 
statistically significant at a P-value <0.05.

Results

Anti-ICC activity of HC toxin is superior to that of other 
HDAC inhibitors and gemcitabine (GEM). In the primary 

screening (Fig. 1A), all of the compounds at a concentration 
of 3 µM were co-cultured with the REB cells for 48 h and cell 
viability was assessed by the CCK-8 assay. The results revealed  
that 13 of the 34 types of HDAC inhibitors showed inhibitory 
activities with cell viability <100%. Among these, the inhibi-
tory effects of HC toxin, TSA, SAHA and 4-iodo-SAHA were 
the most intensive with cell viability <60%.

To establish that the suppressive effects of the 13 HDAC 
inhibitors were not specific to the RBE cell line, we co-cultured 
four ICC cell lines (TFK-1, RBE, SSP-25 and CCLP-1) 
with three HDAC inhibitors (HC toxin, TSA or SAHA) 
or the positive control (GEM) for 48 h. In the secondary 
screening (Fig. 1B), HC toxin was the most effective followed 
by TSA, and all three HDAC inhibitors exhibited stronger 

Figure 1. Results of the HDAC inhibitor screening in intrahepatic cholangiocarcinoma (ICC) cell lines by cell viability assays. (A) Cell viability of RBE cells 
after being co-cultured with 34 HDAC inhibitors for 48 h. All of the HDAC inhibitors were used at a final concentration of 3 µM. Differences were statistical 
significant at *P<0.05 compared with 100% and **P<0.05 compared with 60% viability. (B) Cell viability of four ICC cell lines after being co-cultured with HC 
toxin, SAHA, TSA or gemcitabine (GEM) for 48 h. The concentration gradient used increased from 30 nM to 30 µM with a common ratio of two.
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anti-ICC activities in the four ICC cell lines than GEM except 
for SAHA in the SSP-25 cell line. The inhibitory activity of 
HC toxin was similar to that of TSA in the TFK-1 and RBE 
cell lines while it was superior to TSA in the SSP-25 and 
CCLP-1 cell lines from concentration from ~30 nM to 8 µM. 
These results indicated that the anti-ICC activity of HC toxin 
was superior to that of the other HDAC inhibitors and GEM.

We also calculated the IC50 values of the HC toxin. For the 
CCLP-1, SSP-25, TFK-1 and RBE cell lines, the IC50 values 
were ~297.6±80.4, 520.0±43.0, 854.6±86.9 and 713.7±27.3 nM, 
respectively. Thus, we chose HC toxin at a concentration 
~400 nM to co-culture with the CCLP-1 cells in the following 
experiments.

HC toxin suppresses cell proliferation and colony formation 
of CCLP-1 cells. HC toxin (0-400 nM) was co-cultured with 
CCLP-1 cells, and cell number decreased with increasing 
concentration of HC toxin for 24-72 h (Fig. 2A). HC toxin at 
100 nM did not significantly restrict the cell proliferation of 
the CCLP-1 cells at the three time points. At 48 h, the number 
of cells was reduced by 1.5- to 2.2-fold following treatment 
with HC toxin in a dose-dependent manner which was in line 
with the cell viability assay as determined by the CCK-8 assay.

In the colony formation assay (Fig. 2B and C), the colony 
formation rate of the CCLP-1 cells was decreased from 
~53.1±5.2% in the control group (0 nM) to 0% in the 400 nM 
group. The rate of colony formation of the 50 nM group was 
modestly increased when compared with the 0 nM group, but 
the difference was not statistically significant.

HC toxin downregulates the protein level of acetyl-histone 
H4 and HDAC1. The activity of HDAC was examined indi-

rectly by checking the level of acetyl-histone H4. As shown 
in Fig. 3A and B, the acetyl-histone H4 level was markedly 
reduced by 2.5- to 3.3-fold following treatment with 200 and 
400 nM of HC toxin, respectively, while the level did not obvi-
ously change following HC toxin treatment at 100 nM. This 
correlated with the inhibitory effects on the cell proliferation 
and colony ability in the CCLP-1 cells.

We also examined the expression of HDAC1 in CCLP-1 
cells. As shown in Fig. 3A and B, the expression of HDAC1 
protein was markedly reduced 1.6- to 2.2-fold at 200 and 
400 nM of HC toxin respectively while no change was 
obvious at 100 nM. However, the mRNA of HDAC1 exam-
ined by real-time PCR did not change at all of the three doses 
used (Fig. 3C).

HC toxin induces multiple morphological changes under light 
microscopic observation. CCLP-1 cells were cultured with 
the different doses of HC toxin for 48 h. The morphology and 
growth features of the cells in each groups were observed 
by light microscopy before and after Giemsa staining. With 
increasing doses of HC toxin, the cells gradually decreased 
in density with single cells dwindling in size, dendrite-like 
structures appearing and gradually became longer (Fig. 4A).

In order to clearly observe cell nuclei, Giemsa staining 
was performed. As shown in Fig. 4B, multinucleated and 
cellular atypia were reduced, mitotic figures decreased, apop-
totic bodies appeared and progressively increased with the 
increasing concentration of the HC toxin. We calculated the 
number of cells with apoptotic bodies from 10 fields with a 
magnification of x200. This showed that the number of cells 
with apoptotic bodies in the 200 and 400 nM groups was much 
higher than that in the 0 and 100 nM groups, and there was 

Figure 2. Effects of HC toxin on the cell proliferation and clone formation ability of CCLP-1 cells. *P<0.05, difference is statistically significant. (A) Cell 
counting of CCLP-1 cells after culturing with the indicated doses of HC toxin for 24-72 h. (B and C) Results of the colony formation assay.
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no difference between the latter two in terms of statistical 
significance (Fig. 4C).

Cell cycle is arrested at the G0/G1 stage. Cell cycle distribu-
tion was detected by flow cytometry with 7-AAD staining. 
After incubation with HC toxin for 48 h, the floating cells were 
removed to exclude the interference from apoptosis and dead 
cells. Compared with the 0 nM group, the 20 and 400 nM 
groups exhibited significantly higher percentages of cells in the 
G0/G1 stage and the percentages of cells in the G2/M stage were 
markedly deceased in a dose-dependent manner (Fig. 5A and B). 
No difference in the percentage of cells in the S stage was 
observed among the groups. This illustrated that HC toxin 
arrests the cell cycle in the G0/G1 stage.

HC toxin induces cell apoptosis via the caspase-3-dependent 
and -independent pathways. The apoptotic effects of the 
HC toxin were examined by flow cytometry with staining of 

Annexin V-FITC combined with 7-AAD and by assessment 
of morphological changes with Giemsa staining. In the 200 

Figure 3. Effects of HC toxin on the level of acetyl-histone H4 and HDAC1 
proteins, and HDAC1 mRNA in CCLP-1 cells. *P<0.05, difference is statisti-
cally significant. (A and B) Protein levels of acetyl-histone H4 and HDAC1 as 
examined by western blotting. (C) The mRNA level of HDAC1 as examined 
by real-time PCR.

Figure 4. Effects of HC toxin on the morphology of CCLP-1 cells. (A) Cell 
morphology of CCLP-1 cells without Giemsa staining. (B) Cell morphology 
of CCLP-1 cells with Giemsa staining. Dotted arrows indicate cells with 
apoptotic bodies. Solid arrows indicate cells in meiosis. (C) Cell counting 
of cells with apoptotic bodies from 10 fields at a magnification of x200 by 
microscopy; 0, 100, 200 and 400 nM are the doses of HC toxin used. *P<0.05, 
difference is statistically significant.
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and 400 nM groups, the numbers of cells with apoptotic 
bodies were significantly increased compared with the 0 nM 
group (Fig. 4C). The percentages of total apoptosis, early apop-
tosis and late apoptosis were increased with the increasing HC 
toxin concentration (Fig. 6A and B). Significant increases in 
the percentages of cells in the late and total stage of apoptosis 
were noted at 200 nM of HC toxin, but could not be observed 
in the early stage. This may be due to the binding capacity of 
Annexin V-FITC or the instrument noise.

We then explored the specific apoptosis pathways involved 
by assessing the expression changes in apoptotic proteins. The 
expression of caspase-3 did not show a significant increase 
until the concentration of HC toxin increased to 400 nM with 
only an increase of ~1.5-fold. The levels of bax/bcl-2 and 
cytochrome c did not change in our experimental environ-
ment (Fig. 6C and D). Therefore, it is reasonable to consider 
that the caspase-3-dependent pathway was not the major 
pathway which was involved in the HC toxin-mediated apop-
tosis while the caspase-3-independent pathway may play the 
major role.

Discussion

ICC is the second most common malignant tumor in the liver 
and its pathogenesis is still unclear. Late diagnosis and the high 
recurrence rate have limited the effects of surgical excision 
and lead to dismal overall 5- and 3-year survival rates even 
worse than HCC (19). Moreover, there is no effective chemo-
therapy regimens for ICC due to the high chemoresistance. 
Thus, discovery of novel sensitive therapeutics is warranted. 

Figure 5. (A and B) Cell cycle distribution of CCLP-1 cells after treatment 
with HC toxin for 48 h; 0, 100, 200 and 400 nM are the doses of HC toxin 
used. *P<0.05, difference is statistically significant.

Figure 6. Effects of HC toxin on the apoptotic effect of CCLP-1 cells. 
(A and B) Apoptotic cell ratio of CCLP-1 cells as examined by flow cytom-
etry. (C and D) Expression changes and relative quantification of apoptotic 
proteins examined by western blotting; 0, 100, 200 and 400 nM are the doses 
of HC toxin used. *P<0.05, difference is statistically significant.
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In the present study, we carried out two rounds of screening 
for 34 types of HDAC inhibitors. HC toxin was the most effec-
tive in the suppression of growth of the ICC cell lines and the 
mechanisms were associated with cell apoptosis, cell cycle 
arrest and differentiation.

HDAC inhibitors are potential antitumor agents composed 
of hydroxamic acid, cyclotetrapeptides, benzamide, some 
short chain fatty acids and other molecular structure 
types (20). The 34 HDAC inhibitors used, which were chosen 
from an epigenetic library provided by Cayman Co., covered 
more molecular structure types of HDAC inhibitors than 
the previous study (16). In the primary screening, 13 HDAC 
inhibitors exhibited anti-ICC activity and four exhibited inten-
sive activity (cell viability <60%). Among them, valproic acid 
(VPA), which was the earliest HDAC inhibitor, exhibited a weak 
antitumor activity in RBE cells in line with previous research 
on HuCCT1 (ICC cell line) and SUIT-2 (pancreas cancer cell 
line) cells (13). Yet, the significance of the primary screening 
was confined to only one cell line and one concentration was 
used. Therefore, we performed a secondary screening in four 
ICC cell lines with different doses of HDAC inhibitors. In the 
secondary screening, HC toxin showed an anti-ICC activity 
much stronger than that of gemcitabine which is currently one 
of the most important chemotherapeutic for the treatment of 
ICC (21,22). The effect of TSA was similar to that of HC toxin 
in RBE and TFK-1 cells but was obviously inferior to the latter 
in SSP-25 and CCLP-1 cells. This suggested that HC toxin 
may have a wider antitumor spectrum and may also work in 
the treatment of some tumor subtypes with chemoresistance. 
Hence, HC toxin could be a potential therapeutic for cancer 
treatment.

The mechanisms involved in the inhibitory effects of the 
HC toxin in ICC cell lines are various and are as follows.

Firstly, as a cell-permeable, reversible inhibitor of HDACs, 
HC toxin acts mainly by inhibiting the activities of HDACs 
to carry out H3 and/or H4 hyperacetylation in their promoter 
regions (15) and this is in line with the results shown in 
Fig. 3A and B. In our research, we also found that the protein 
expression of HDAC1 decreased by western blot analysis. 
However, the mRNA of HDAC1 did not change correspond-
ingly. This illustrated that HC toxin downregulated the HDAC1 
level depending on the post-transcriptional modification or the 
degradation acceleration of HDAC1 itself.

Secondly, the cell cycle was arrested at the G0/G1 stage 
which suggested that DNA replication or histone synthesis was 
blocked at the S stage. The results were in line with previous 
findings of HC toxin in neuroblastoma cells (16), but not 
breast cancer cells (T47D) in which the cell cycle was arrested 
at G2/M (17). This difference may be associated with the 
nature of the cell lines used. Cell cycle arrest at G0/G1 may 
rely on a change in p21waf1 and cyclin protein (23). As a cell 
cyclin kinase inhibitor, p21waf1 upregulation may suppress the 
activities of cyclin and reduce the phosphorylation level of Rb 
therefore resulting in the decrease in the E2F level and finally 
arresting the cell cycle at the G0/G1 stage. Suberoylanilide 
hydroxamic acid (SAHA), another type of HDAC inhibitor, 
induces a sharp rising in p21waf1 protein and mRNA of bladder 
carcinoma cells (T24) (24). Many other HDAC inhibitors have 
a similar functional mechanism (25-27), and this may also 
exist in the process of HC toxin function in CCLP-1 cells; yet 

this requires further experiments to verify. Additionally, HC 
toxin may play a role in cell cycle synchronization and may 
be a solution for drug-resistance in some cases; thus, the use 
of HC toxin in various combination chemotherapy protocols 
should be considered.

Thirdly, morphologic changes and f low cytometry 
demonstrated that HC toxin strongly induced the apoptosis 
of CCLP-1 cells. Cell apoptotic pathways can be simply 
divided into caspase-3-dependent and caspase-3-independent 
pathways (28). Bax/Bcl-2, cytochrome c and caspase-3 are 
the major apoptosis-related proteins in the former containing 
endogenous and exogenous pathways (29,30). In the caspase-
3-independent pathway, AIF, Endo G are the primary 
functional proteins produced in mitochondria and transferred 
into the nucleus to cleave DNA directly (31). In the western 
blot assay, the caspase-3 level was not markedly increased 
until the concentration of the HC toxin increased to 400 nM 
which did not correlate with the results of the flow cytometry. 
In addition, the Bax/Bcl-2 ratio and the level of cytochrome c 
did not significantly change at all HC toxin doses used. In a 
previous study performed in breast cancer cells, HC toxin did 
not obviously change the level of caspase-3 as well (17). This 
demonstrated that HC toxin induced apoptosis by means of 
both the caspase-3-dependent and -independent pathways and 
the latter could be dominant.

Finally, it is likely that HC toxin may regulate the differen-
tiation of CCLP-1 cells according to the morphologic changes 
consisting of the appearance of dendritic-like structures (32). 
In addition, it was confirmed that HC toxin promotes the 
differentiation of neuroendocrine cells (33). However, this 
finding should be further investigated at a molecular level to 
provide further evidence in order to establish whether or not 
HC toxin induces the differentiation of ICC cell lines.

In summary, HC toxin demonstrated anti-ICC activity supe-
rior to that of other HDAC inhibitors and GEM. It suppressed 
cell proliferation, arrested the cell cycle and induced apoptosis 
and may induce the differentiation of ICC cells in vitro. These 
findings provide the experimental basis for the treatment of 
ICC by HC toxin.
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