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like synoviocytes cell line MH7A

Kun Zhang?, Shan Gao 2, JiaYi Guo 3, GuoHuaNi 1, Zhe Chen 3, Feng Li 3, XiaoLeiZhu 3, YongBing

Wen 3, YanXing Guo 3*

1 Department of Orthopedics, No. 91 Central hospital of Liberation Army, Jiaozuo 454150, Henan province, China
2 Faculty of Graduate Studies, Hunan University of Chinese Medicine, Changsha 410208, Hunan Province, China
3 Department of Orthopedics, Luoyang Orthopedic Hospital of Henan Province, Luoyang 471000, Henan Province, China

ARTICLEINFO

ABSTRACT

Article type:
Original article

Article history:
Received: May 27,2017
Accepted: Sep 28,2017

Keywords:

Apoptosis

Fibroblast-like synoviocyte
Hypericin-photodynamic -
therapy

Nuclear factor kappa-B
Rheumatoid arthritis
Reactive oxygen species

Objective(s): To elucidate the effects and potential mechanisms of hypericin-photodynamic therapy
(HYP-PDT) for treatingthe human rheumatoid arthritis (RA) fibroblast-like synoviocyte (FLS) MH7A
cell-line.

Materials and Methods: MH7A cells were subjected to HYP-PDT intervention and apoptosis was
evaluated via MTT, nuclear staining, and flowcytometry analyses. Intracellular reactive oxygen species
(ROS) were measured with the fluorescent probe 2'7’-dichlorofluorescein diacetate (DCFH-DA). To
verify the effects of HYP on apoptotic and nuclear factor kappa-B (NF-kB) pathways, caspase-8, 9, poly-
ADP-ribose polymerase (PARP), phosphorylated (p)-NF-kB p65, NF-kB p65 and p-IkBa protein
expressions were quantified with Western blot. Quantitative real-time PCR was used to assay NF-kB p65
mRNA.

Results: HYP-PDT inhibited MH7A cell viability and induced apoptosis in a dose-dependent manner.
Meanwhile, intracellular ROSlevels increased significantly after HYP-PDT treatment. Furthermore, the
expression of cleaved caspase-9 and PARP was increased by HYP-PDT treatment, with a concurrent
decline in NF-kB.

Conclusion: HYP-PDT induces apoptosis in MH7A cells, at least partially, via generation of ROS,
regulation of the apoptotic pathway and suppression of the NF-xB pathway. These findings suggest that

HYP-PDT may be a potential treatment for RA.
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Rheumatoid arthritis (RA) is a systemic autoimmune
disorder characterized by inflammation of synovial
tissues and progressive erosion of adjacent cartilage and
subchondral bone, which subsequently causes
irreparable joint destruction (1-3). The pathological
process of RA is marked primarily by the invasive growth
of inflamed and aberrant hyperplastic synovial tissue
into articular cartilage and bone. Thus, excessive
inflammatory cytokines and proteolytic enzymes are
released from RA fibroblast-like synoviocytes (FLS) in
hyperplastic synovial tissue, resulting in degradation
and destruction of cartilage and subchondral bone (4, 5).
Although mechanisms underlying hyperplastic synovitis
are not completely understood, insufficient apoptosis
may contribute to the pathogenesis of RA (6). Recently,
accumulating evidence suggests that resistance to
apoptosis promotes synovial hyperplasia and is linked
closely to the invasive and tumor-like phenotype
of RA-FLS (7). Therefore, production of inflammatory

mediators and tumor-like growth of RA-FLS due to
insufficient apoptosis are considered pathological
hallmarks of RA (8), and thus may be a potential
therapeutic target for controlling the inflammatory
response and modulating apoptosis in RA-FLS.
Photodynamic therapy (PDT) is considered a
minimally invasive, site-specific modality (9) for treating
diseases such as cancer. Additionally, many studies
suggest that PDT may be used to treat RA (10, 11), given
its ability to limitthe abnormal proliferation of synovial
tissue, such as that seen in RA patients (9). Studies
indicate that PDT employs a mechanism that differs
from those of radiotherapy and chemotherapy,
increasing the apoptotic potential of cells resistant to
more conventional treatments (9). Moreover, PDT can
recognize and selectively destroy cancer cells with no
adverse impact on normal cells (12). PDT consists of a
photosensitizer, molecular oxygen, and external
visible light at a specific wavelength (13). The
photosensitizer is critical for effective treatment as it
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reacts with molecular oxygen to produce cytotoxic
reactive oxygen species (ROS) (14), which are toxic to the
target tissue by oxidizing cellular organelle membranes,
and interfering with cellular signal pathways, leading to
apoptosis or necrosis and eventually destroying
diseased tissue (14). Current studies have focused on
identifying satisfactory photosensitizer drugs, given that
drugs such as hematoporphyrinand its derivatives have
long half-lives that cause complications limiting their
clinical applications (15).

Hypericin (HYP), a polycyclic quinone, is a naturally
occurring photosensitizer extracted from Hyperforin
perforatum (St. John's wort) (16). For decades, HYP has
been used as a drug treatment for depression and viral
infections. Furthermore, due to its light-dependent
activity (17-19), HYP is also one of the most potent
photosensitizers thathas a maximum absorption peak of
~599 nm (20) and exhibits several advantages over
other photosensitizers. For example, HYP has
substantial quantum yield, intense absorption spectrum
in the visible region, low photo bleaching, short half-life
(27 hr even at a dosage of 1500 pg/kg), and a wide
excitation range (21, 22). Recently, there has been
growinginterest in HYP-PDT as a potential treatment for
various cancers (23). Several studies have demonstrated
that HYP-PDT has high tumor specific cytotoxicity and
minimal side effects (24, 25). Furthermore, HYP-PDT can
induce vascular injury in tumor cell models through
inhibition of mitochondrial function, and can induce
apoptosis in cancer cells through activation of the
caspase-dependent pathway (26). Based on this
background, we sought to explore whether the
therapeutic potential of HYP-PDT in cancer treatment
extends to RA, which is characterized by invasive and
tumor-like hyperplastic synovium due to insufficient
apoptosis of RA-FLS. To the best of our knowledge, no
studies have described the effects of HYP-PDT on RA in
vivo or in vitro; therefore, we offer an initial report
regarding potential mechanisms of HYP-PDT for treating
RA.

Specifically, we used HYP-PDT to treat an MH7A
cell model of RA-FLS and studied how HYP induces
photocytotoxicity (27). Our data showed that HYP-
PDT inhibited MH7A cell proliferation, induced
apoptosis, and upregulated intracellular ROS in a
dose-dependent manner. Apoptotic and nuclear factor
kappa-B (NF-xB) pathways were also modulated by
HYP-PDT treatment, suggesting potential therapeutic
promise for HYP-PDT to treat human RA.

Reagents

Human RA-FLS MH7A cell line was obtained from
Enzyme Research Technology (Shanghai, China).
Hypericin was purchased from Jingzhu Technology
(Nanjing, China). Antibodies against caspase-8,
caspase-9, cleaved caspase-9, poly-ADP-ribose
polymerase (PARP), cleaved PARP, p-NF-xB p65, NF-
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kB p65, p-IkBa, and B-actin were purchased from Cell
Signaling Technology (Boston, MA, USA). Primers for
NF-xB p65 were designed and synthesized by Sangon
Biotech (Shanghai, China).

Cell lines and cell culture

MH7A cells (27) were cultured in DMEM /HIGH
Glucose medium (Hyclone, Logan, UT, USA), supple-
mented with 10% fetal bovine serum (FBS; Gibco
Life Technologies, Carlsbad, CA, USA) and 1%
penicillin/streptomycin (Sigma-Aldrich, St. Louis, MO,
USA), in a COzincubator at 37 °C, 5% CO2 and saturated
humidity environment.

In vitro HYP-PDT treatment

PDT was performed on MH7A cells according to
previously published guidelines (28). Briefly, cells were
pre-incubated for 24 hr and culture medium was
removed and exchanged with fresh medium containing
HYP (0, 0.25, 0.5, 1, 2 and 4 pM). Then, cells were
cultured foranother 1 hr in the dark. Subsequently, cells
were exposed to 593 nm wavelength monochromatic
homemade diode irradiation to give a light energy dose
of 1.5 ]J/cmZ2. Next, cells were incubated for 24 hr in the
dark. MH7A cell controls were treated in a similar
manner but without HYP induction.

Cell viability assays

A 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) assay was used to measure
cytotoxicity of HYP (29). Approximately, 5 x 103 cells
were seeded in 2 separate 96-well plates and cultured
for 24 hr. Then, cells were treated with fresh medium
containing HYP (0-4 puM) for 1 hr in the dark. Next,
cells were treated with or without light irradiation
(593 nm monochromatic homemade diode
irradiation; 1.5 J/cm?2). After interventions, cells were
incubated for an additional 24 hr in the dark.
Afterwards, 20 pl of MTT reagent (5 mg/ml) was
added to the wells, and cells were incubated for 4 hr
in the dark. Liquid was removed and 150 pl DMSO was
added with shaking for 15 min in the dark. Finally,
absorption was read and recorded using a microplate
reader (BioTek, Winooski, VT, USA). Cell viability was
measured relative to the untreated cells.

Cell morphology analysis

The MH7A cells were seeded in 12-well plates (5 x 104
cells/well) and cultured for 24 hr before PDT treatment.
After in vitro HYP-PDT treatment, medium was aspirated
and cells were fixed with 4% paraformaldehyde for 5 min.
Then, cells were washed twice with PBS and stained with or
without 4/, 6-diamidino- 2-phenylindole (DAPI) (Beyotime,
Shanghai, China) for 5-10 min. Cell morphology was
observed under a fluorescent microscope (Olympus, Japan)
after three PBS washings.

Flow cytometry
MH7A cells were seeded in 6-well plates (1 x 105
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cells/well). Irradiated cells were then harvested after
HYP-PDT treatment. Livecells (Annexin V-FITC-/PI-),
early apoptotic cells (Annexin V-FITC*/PI-), late
apoptotic cells (Annexin V-FITC*/PI*) and necrotic
cells (Annexin V-FITC-/PI*) were measured with FACS
(Becton-Dickinson, Franklin Lakes, NJ, USA). Annexin
V-FITC and PI apoptosis kits were purchased from BD
Biosciences (Becton-Dickinson, Franklin Lakes, NJ,
USA).

ROS assay

Intracellular ROSs were quantified using a commer-
cial kit (Beyotime, Shanghai, China), following the
manufacturer’s instructions. Intracellular ROS production
was evaluated by levels of oxidized dichlorofluorescein
(DCF) from 2’7’-dichlorofluorescein diacetate (DCFH-DA)
with probes; therefore, DCF is a proxy for intracellular
ROS production. MH7A cells were seeded in 96-well
plates (5 x 103 cells /well), and after HYP-PDT treatment,
cells were incubated with DCFH-DA (10 pM) for 20 min
at 37 °C in the dark, and then DCFH-DA was removed
and cells were washed three times with DMEM /HIGH
glucose without FBS. Absorbance of the cells was read on
a plate reader at 488 nm (excitation) and 525 nm
(emission).

Western blot

After HYP-PDT treatment, cells were washed three
times with ice-cold PBS, and proteins were harvested
using lysis buffer. Proteins were quantified using a
BCA protein assay kit (Beyotime, Shanghai, China).
Briefly, 20 pg protein was separated using 8-15%
SDS-PAGE and transferred onto PVDF membranes.
Blots were blocked with 10% instant nonfat dry milk
at room temperature. Then, membranes were
incubated with primary antibodies (1:1000 for all
antibodies) overnight at 4 °C, and then incubated with
secondary antibody for 2 hr. After washing three times
with TBST, antibody binding was assayed with a gel
imaging analysis system (Bio-Rad, Hercules, CA, USA).
Relative intensities of protein bands were quantified
by densitometry using Image] 1.50b software (NIH),
and B-actin was used as an internal control.

Quantitative real-time PCR

After HYP-PDT treatment, cells were washed three
times with ice-cold PBS. Total RNA was extracted using
an RNAiso Plus Kit (TaKaRa, Tokyo, Japan) according to
the manufacturer’s instructions. Reverse transcription
of extracted RNA was performed using a PrimeScript RT
Reagent Kit (TaKaRa, Tokyo, Japan). Quantitative real-
time PCR amplifications were executed using a rotor-
gene real-time DNA amplification system (Corbett
Research, Sydney, Australia). Relative fold-change in
mRNA expression of the target gene was quantified
using the 2-2ACT method and Rotor-Gene 6.0 analysis
software. GAPDH was used as internal control for all
analyses. Primers used are presented in Table 1.

Statistical analysis

Data are assessed with SPSS Version 22 (IBM,
Armonk, NY, USA), and expressed as means+SD.
Differences among groups were analyzed with the
LSD post-hoc test followed by one-way ANOVA, and P<
0.05 was regarded as statistically significant
difference, and significance was confirmed with
Origin 9.0 software (Northampton, MA, USA).

MHT7A cell viability 24 hr post HYP-PDT

The impact of photocytotoxicity on MH7A cell
viability following HYP treatment was examined. MTT
assay data indicated that MH7A cell proliferation
decreased in a dose dependent manner with light
irradiation and with increasing doses of HYP (Figure
1A). Non-irradiated MH7A cell proliferation after
treatment with HYP also decreased in a dose
dependent manner, but not as significantly as HYP-
PDT. This result suggested that HYP treatment can
inhibit MH7A cell proliferation, an event that is
exacerbated by PDT irradiation.
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Figure 1. Effects of hypericin-photodynamictherapy on MH7A cell
viability, apoptosis and production of intracellular reactive oxygen
species. (A) Inhibition of cell viability by HYP-PDT was assayed
using MTT. HYP-treated cells were subjected to PDT irradiation,
and percent viable cells were normalized against untreated, non-
irradiated cells (100%). Data are means+SD of n=5 independent
experiments; *P<0.05, **P<0.01, ***P<0.001, compared to
untreated, non-irradiated cells; #P<0.05, #P<0.01, *#*P<0.001,
compared HYP-treated cells. (B, C) HYP-PDT induced apoptosis in
MH7A cells. MH7A cells were treated with HYP (0-4 puM), and
flowcytometry was used to measure apoptosis. HYP-PDT increased
apoptosis and cell death in a concentration-dependent manner.
Data are means*SD (n=3), *P<0.05, **P<0.01, ***P<0.001,
comparedwithO uM HYP-PDT treated cells.(D) HYP-PDT enhanced
ROS production in MH7A cells. Intracellular ROS production was
measured using DCF 24 hr after treatment with increasing
concentrations of HYP. DCF significantly increased with increasing
HYP-PDT. With 21 uM HYP, DCF fluorescence increased and peaked
with 4 pM HYP. Data were means * SD (n = 3); *P<0.05, **P<0.01,
*#*P<0.001, compared to untreated cells (0 pM HYP)

DCF: dichlorofluorescein; HYP: hypericin; PDT: photodynamic
therapy; ROS, reactive oxygen species
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Table 1. Primers used for quantitative real-time polymerase chain
reaction

Genes Orientation Primer sequence (5’ - 3")
Forward TTTGACCTGAGGGTAAGACTTCT
NF-xB
Reverse AACAGAGAGGATTTCGTTTCCG
Forward GTTCGACAGTCAGCCGCATC
GAPDH
Reverse TGAAGGGGTCATTGATGGCA

Morphological changes of MH7A cells induced by HYP-PDT

To determine the impact of HYP concentrations on
cell proliferation, an imaging analysis and DAPI staining
assay were performed under a fluorescent microscope.
Morphological alterations such as decrease in cell
number, cytoplasmic vacuolation, and cytoplasm
shrinkage were observed. As shown in Figure 2, cell
number decreased significantly with increasing HYP
concentration. Meanwhile, in morphological images,
there was evidence of cytoplasmic vacuolation and
shrinkage (Figure 2, white arrows), which were more
obvious atthe high HYP concentration (=1 uM).

Additionally, the corresponding fluorescent merged
images showed that cytoplasmic localization of HYP was
displayed as brightred (Figure 2, white arrows in merged
images) (18). Combined with results of MTT assay, these
results showed that HYP was capable of permeating the
membrane, inhibiting cell proliferation and inducing
morphological changes that were indicative of cell death.
Additionally, the effects of HYP in inhibiting cell
proliferation were more prominent with higher HYP
concentration (=1 puM).

HYP-PDT induced apoptosis in MH7A cells

To confirm the HYP-PDT-induced apoptosis,
flowcytometry was used to identify live cells (Annexin V-
FITC-/PI-), early apoptotic cells (Annexin V-FITC*/PI),
late apoptotic cells (Annexin V-FITC*/PI*) and necrotic
cells (Annexin V-FITC-/PI*). Figure 1B shows that
apoptosis and cell death increased with increasing HYP
and cell death was greatest observed at the highest dose
(4 M HYP) (Figure 1C). This result corresponded with
the morphological changes assayed with the DAPI
staining.

HYP-PDT enhanced intracellular ROS production in
MH?7A cells

To determine whether ROS generation contributed to
apoptosis after HYP-PDT, the oxidation of the fluorescent
probe DCFH-DA was used as a proxy of ROS production.
Figure 1D shows that DCF fluorescence significantly
increased after HYP-PDT in a concentration-dependent
manner, with the highest fluorescence observed at the
highest dose (4 uM) (P<0.01). Thus, HYP-PDT triggered
accumulation of ROSin a dose-dependent manner.
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Figure 2. Morphological changes of MH7A cells induced by
hypericin-photodynamic therapy. MH7A cells were pre-cultured
with HYP (0, 0.25, 0.5, 1, 2 and 4 uM) for 1 hr in the dark and DAPI
staining and fluorescent imaging was used to visualize morphology.
Higher HYP (21 uM)-treated cells showed signs of cell death
(reduced cell number, cytoplasmic vacuolation, and cytoplasm
shrinkage; whitearrowsinmorphologyimages). HYPwas observed
as bright red in the cytoplasm (white arrows in merge images).
(200x magnification for all images; Scale bar is 50 pm)

HYP: hypericin; PDT: photodynamic therapy; DAPI: 4/, 6-
diamidino-2-phenylindole

Effects of HYP-PDT on apoptosis pathway protein
expression in MH7A cells

To identify the potential molecular mechanism
underlying pro-apoptotic effects of HYP-PDT, we
measured expression of several apoptosis pathway-
related proteins using Western blot analysis. Figure 34,
C and E show that expression of full length caspase -8,
caspase-9, and PARP was downregulated by HYP-PDT in
a HYP concentration-dependent manner. In contrast,
cleaved caspase-9 and cleaved PARP expression
significantly increased with increasing concentrations of
HYP. With increasing HYPB the cleaved -caspase-
9/caspase-9 ratio and cleaved PARP/PARP ratio was
reduced (Figure 3B and D). Thus, HYP-PDT induced
apoptosis, at least partially, through the intrinsic
mitochondrial apoptosis pathway.

Although cleaved caspase-8 was not measured due
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Figure 3. Effects of hypericin-photodynamic therapy on apoptosis
pathway proteinexpression in MH7A cells. Cells were treated with HYP
(0-4 uM) and thenPDT irradiation. (A, C, E) Western blot was usedto
measure apoptotic proteins and (-actin was an internal control
Densitometric measurements were analyzed usingl mage] software (B,
D, F) Relative protein quantities were normalized against that of
untreated cells (0 pM HYP; 100%). Graph bars represent meansSD
from three independent experiments. *P<0.05, **P<0.01, ***P<0.001,
compared to untreated cells (0 pM HYP)

HYP: hypericin; PDT: photodynamic therapy

to antibody quality, full length caspase-8 declined
significantly inthe presence of HYP =1 uM (Figure 3F).
Nonetheless, downregulation of caspase-8 indicated
that the extrinsic death receptor pathway may also be
involved in HYP-PDT-induced apoptosis.

Inhibitory effects of HYP-PDT on NF-kB activation in
MHT7A cells

To determine whether NF-kB was involved in HYP-
PDT-induced apoptosis, we measured p-NF-kB p65,
NF-xB p65 and p-IkBa protein expression and NF-kB
p65 mRNA. Figure 4A, B show that p-NF-kB p65
expression decreased with increasing HYP and p-IxBa
declined in a dose-dependent manner with the
exception for 0.5 pM HYP-treated cells, in which p-
IkBa was less than in control cells (Figure 4D).
Interestingly, NF-kB p65 expression with 0.25 pM HYP
treatment significantly increased (Figure 4C), which
was inconsistent with other results. Nonetheless, with
HYP = 0.5 uM, NF-kB p65 was downregulated in a
concentration-dependent manner (Figure 4C). Figure
4E shows that NF-kB p65 mRNA decreased with
increasing HYP. Thus, HYP =21 pM and PDT suppressed
NF-xB activation in a dose-dependent manner,
whereas the inhibitory effects of HYP-PDT on NF-xB
activation varied with HYP at 0.25 uM or 0.5 uM.
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Figure 4. Inhibitory effects of hypericin-photodynamic therapyon
NF-kB activation in MH7A cells. Cells were treated with HYP (0-4
uM) and PDT. NF-kB pathway proteins and mRNA were measured
with Western blot and qRT-PCR, with -actin used as an internal
control. (A) Westernblotdata is shown for p-NF-kB p65, NF-«kB p65
and p-IkBa and densitometric analysis performed using Image]
software. Relative quantities of p-NF-xB p65 (B), NF-«B p65 (C) and
p-IkBa (D) were normalized to untreated cells (0 uM HYP; 100%).
(E) NF-xB p65 mRNA was assessed using qRT-PCR. Gene
expression was normalized to GAPDH. Data are means+SD (n=3);
***P<0.001, compared to untreated cells (0 uM HYP)

HYP: hypericin; PDT: photodynamic therapy

Recently, PDT has been shown to have potential for
treating neoplastic diseases and RA (11, 30-33) as itcan
selectively induce necrosis or apoptosis of cancer cells,
leaving healthy tissues and cells unaffected (12, 34).
Meanwhile, HYP has been tested with PDT in tumor
models in vivo and in vitro, and these confirmed that
HYP-PDT had a light-induced antineoplastic activity
against various tumors (35, 36). Also, HYP appears to
have characteristics of high tumor affinity and is rapidly
eliminated from normal tissue (10). However, whether
HYP-PDT has a therapeutic effecton RA has not yetbeen
investigated. RA is a systemic autoimmune disease
characterized by inflammatory response and tumor-like
synovial hyperplasia perhaps due to insufficient
apoptosis of RA-FLS, which is similar to alocally invasive
tumor (1). Hence, in this study, HYP-PDT was used to
treat RA for the firsttime and the photocytotoxic effects
of HYP were studied.

Our study indicated that HYP-PDT caused conce-
ntration-dependent photocytotoxic effects, especially at
higher concentrations (=1 pM). Figure 1A shows that
HYP-PDT-treated cells had reduced viability than HYP-
induced-cells without light irradiation treatment,
indicating that the inhibitory effects of HYP was light-
dependent.
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Figure 5. Proposed model of hypericin-photodynamictherapy-induced MH7A cell death. HYP assembles around target cells and permeates
membranes via endocytosis, pinocytosis, or passive diffusion. HYP is bound to mitochondria and is activated after PDT irradiationand reacts
with molecular oxygen to generate cytotoxic ROS, triggering cleavage of caspase, and initiating the caspase cascade. These events lead to
apoptosis via activation of the intrinsic mitochondrial apoptosis pathway and suppression of the NF-kB pathway in MH7A cells. Additionally,
the extrinsic death receptor pathway, whichleads to activation of initiator caspase-8, may be involved in HYP-PDT-induced apoptosis.
HYP, hypericin; PDT, photodynamictherapy; ROS, reactive oxygen species

Furthermore, HYP-PDT inhibited cell prolife-
ration as shown by an imaging analysis and DAPI
staining assay. With HYP =1 uM, we observed
morphological features of cell death, such as reduced
cell number, cytoplasmic vacuolation, and cyto-
plasmic shrinkage. Cells treated with HYP at 0.25 and
0.5 pM did not show distinctive morphological signs,
which is consistent with the results of the MTT assay.
Furthermore, flowcytometry demonstrated that HYP-
PDT induced a pro-apoptotic effect on MH7A cellsin a
dose-dependent manner. The rate of apoptosis and
cell death increased with increasing HYP concen-
tration and this cell death was more pronounced at
high HYP concentrations (21 puM). Because ROS is
associated with apoptosis, the finding that HYP-PDT
induced ROS strengthened the association of HYP-
PDT with apoptosis (37, 38). Consequently, we found
that HYP-PDT triggered ROS in a dose-dependent
manner, and greater accumulation of ROS was
observed at higher HYP doses (21 pM), especially in 2
MM and 4 uM HYP-treated group. In summary, our
study confirmed that HYP-PDT induces apoptosis by
triggering intracellular ROS production.

Excess ROS can promote mitochondrial toxicity,
macromolecular membrane damage and DNA frag-
mentation by interacting with cellular DNA, proteins and
lipids. ROS can also activate caspase signaling (39),
consequently causing apoptosis (17, 40, 41). Therefore,
we hypothesized that HYP-PDT-induced apoptosis may
occur through the caspase apoptotic signaling pathway.

Two central caspase-dependent apoptotic pathways

Iran J Basic Med Sci, Vol. 21,No.2, Feb 2018

are involved in apoptosis: mitochondrial pathway
(intrinsic), triggered by diverse cytotoxic conditions,
leading to activation of initiator caspase-9; while the
death receptor pathway (extrinsic) is triggered by TNF
receptor aggregation on the plasma membrane, which
leads to activation of initiator caspase-8. Subsequently,
downstream effectors such as caspase-3 are activated
by pre-activated caspase-8, and 9, and consequently
PARP is cleaved, eventually triggering apoptosis. In
this study, after HYP-PDT, full length caspase-9 and
PARP were downregulated, whereas cleaved caspase-
9 and cleaved PARP, as well as the cleaved caspase-
9/caspase-9 ratio and the cleaved PARP/PARP ratio,
significantly increased in a concentration-dependent
manner. Meanwhile, full length caspase-8 declined,
especially for cells treated with HYP 21 puM. This
suggested that HYP-PDT induced apoptosis via the
mitochondrial apoptotic pathway; the death receptor
pathway may also be involvedin pro-apoptotic effects
of HYP-PDT.

NF-kB signaling pathway is critical to cell survival by
upregulating the expression of anti-apoptosis genes and
numerous target genes involved in cell growth,
differentiation, and the inflammatory response (42-45).
NF-kB is activated in many autoimmune diseases,
including RA (46, 47), regulating inflammatory cyto-
kines and modulating the resistance of RA-FLS against
apoptosis (48-50). It has been demonstrated that NF-kB
is a key molecule among the different transcription
factors involved in modulating apoptosis of RA-FLS (51).
NF-xB is represented mainly by the p65/p50 hetero-
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dimeric complex. NF-kB is inactively bound to IkBa in
the cytoplasm, and upon phosphorylation by IKKs,
is released and translocated into the nucleus.
Overexpression of NF-kB reduces secretion and
expression of caspases via modulating Bcl-XL and
apoptosis proteins/IAPs (52). Thus, we hypothesized
that the NF-xB pathway may contribute to the
underlying mechanism of pro-apoptotic effects of
HYP-PDT in MH7A cells. Data showed that HYP-PDT
inhibited NF-kB during MH7A cell apoptosis and that
HYP decreased p-NF-kB p65, NF-kB p65, and p- IkBa
ina concentration-dependent manner. Thus, HYP-PD T
induced apoptosis by suppressing NF-kB activation.

HYP-PDT may have potential as a novel
therapeutic strategy for treating human RA. However,
these observations should be investigated in in vivo
studies. Nonetheless, our data suggest a novel
mechanism for HYP-PDT in relieving RA symptoms in
vitro. Herein, we propose that upon cell permeation,
HYP is bound to mitochondria and is activated upon
PDT irradiation and generates cytotoxic ROS,
triggering the caspase cascade. Both the intrinsic
mitochondrial apoptosis pathway and the extrinsic
death receptor pathway are subsequently activated
leading to NF-kB inhibition in MH7A cells, and
ultimately, apoptosis in MH7A cells.
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