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plasma cells in bone marrow which can secrete 
large amounts of abnormal monoclonal immu-
noglobulin, and thus causing a series of clinical 
symptoms. The incidence of MM accounts for 
2% of all tumors and is the second highest inci-
dence of hematological malignancies1. The ap-
plication of proteasome inhibitor (PIs), immuno-
modulator (IMiDs), monoclonal antibody (CD38/
SLAMF7) and chimeric antigen receptor cell 
therapy (CAR-T) significantly improved the ef-
ficacy of multiple myeloma patients2-6. Although 
great progress has been made in the treatment 
of myeloma, it is still an incurable disease, and 
the 5-year median survival rate has not improved 
significantly7. Many patients develop resistance, 
therefore, there is an urgent need for new thera-
peutic targets to overcome drug resistance.

Thioredoxin system is an important antiox-
idant system to maintain the intracellular redox 
status, which is composed of thioredoxin (Trx), 
thioredoxin Reductase (Trx-R) and NAPDH8. Trx 
system consists of thioredoxin 1 (Trx-1), a cellu-
lar redox protein, thioredoxin reductase 1 (TrxR1) 
enzyme, and NADPH. The expression of TRX-1 
is increased in many tumors, which is related to 
tumor cell proliferation, survival and chemothera-
py resistance9-11; moreover, it is also related to cell 
survival, tumor metastasis and angiogenesis12,13, 
and its inhibition could result in cancer cell apop-
tosis14. It was already shown that the expression 
of Trx-1 was inhibited by the Si-RNA technology 
or that Trx-1 inhibitors can promote tumor cell 
apoptosis and enhance the sensitivity of tumor 
cells to chemotherapy drugs15. PX-12,1- methyl-
propyl-2-imidazolyl disulfide is a kind of TRX-1 
inhibitor, which irreversibly binds to TRX-1 and 
inactivates TRX-1 redox, showing antitumor ac-
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vitro and in vivo experimental study of thioredox-
in-1(Trx1) inhibitor 1-methylpropyl 2-imidazolyl 
disulfide (PX-12) promoting multiple myeloma 
H929 cell apoptosis, investigate the relationship 
between the inhibitory effect of PX-12 on H929 
cells and reactive oxygen species (ROS).

MATERIALS AND METHODS: Inhibition of 
PX-12 on H929 cells in relation to reactive oxygen 
species (ROS), cell cycle, and apoptosis were as-
sessed by flow cytometry. ELISA kit, IVIS Imag-
ing, Hematoxylin and eosin (H&E) staining and 
immunohistochemical staining assessment were 
applied to assess the anti-myeloma effect in the 
SCID mice model established by H929EL cells.

RESULTS: PX-12 inhibited proliferation of H929 
cells performed time and dose dependent style. 
Furthermore, it significantly induced a G2/M 
phase arrest of the cell cycle in H929 cells. It al-
so increased intracellular ROS and caspase-3 ac-
tivity in H929 cells indicating that cells have un-
dergone apoptosis. There was an almost 3-5-fold 
decrease in tumor viability measured by the Liv-
ing-Imaging system after 21 and 28 days after PX-
12 injection compared with the control group. Im-
portantly, PX-12 caused significant decrease in 
expression of Kappa chain in vivo assessed by 
immunohistochemical staining.

CONCLUSIONS: The results suggest that PX-
12 may be a potential strategy for the treatment 
of MM, and the inhibition of TRX-1 in the treat-
ment of myeloma deserves further research.
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Introduction 

Multiple myeloma (MM) is a tumor charac-
terized by abnormal proliferation of monoclonal 
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tivity both in vitro and in vivo16,17. It was report-
ed that the level of trx-1 decreased more signifi-
cantly in patients treated with px-12 for 3 hours 
than that in patients treated for 1 hour, Px-12 also 
reduced the level of plasma vascular endothelial 
growth factor (VEGF) in tumor patients18. As for 
the hematological malignancies, Shao et al19 in-
vestigated the expression of thioredoxin in T-cell 
acute lymphoblastic leukemia (T-ALL), the results 
showed that thioredoxin was expressed in different 
degrees in T-ALL, and PX-12 could inhibit leuke-
mia colony formation in primary T-ALL. Kari et 
al20 have demonstrated Trx-1 level was highly ex-
pressed in the Diffuse Large B cell Lymphomas 
(DLBCL) patients, which indicated disease pro-
gression, chemotherapy resistance and low surviv-
al rates, they found that cell proliferation and col-
ony formation of DLBCL cells could be inhibited 
by SiRNA and Trx-1 inhibitor PX-12, as well as 
the sensitivity to doxorubicin could be enhanced, 
suggested its anti-tumor effect in relapsed/refrac-
tory DLBCL patients. Tan et al21 also found that 
PX-12 can promote the apoptosis of acute myeloid 
leukemia (AML) cells and enhance the sensitivity 
of AML cells to arsenic trioxide, suggesting that 
PX-12 has therapeutic potential for AML. Ranin-
ga et al22 proved Trx-1 inhibitor PX-12 can induce 
apoptosis in resistant multiple myeloma cells, how-
ever, the in vivo inhibitory effect of Trx-1 inhibitors 
on multiple myeloma cells has not been explored. 
This study explored the role of PX-12 in multiple 
myeloma SCID mouse model on the basis of in vi-
tro experiments, in order to lay a foundation for 
further clinical research.In this study, the effect of 
PX-12 on the activity of MM cells was observed, 
the cell cycle and apoptosis rate were detected by 
flow cytometry, and the level of intracellular reac-
tive oxygen species (Ros) was detected by H2D-
CFDA probe. Beyond this, the SCID-RAB mice 
model established by MM cells was applied for the 
in vivo study, tumor proliferation was monitored 
by the Living-Imaging, serum Trx-1 level was de-
tected before and after administration of PX-12, to 
explore the efficacy of PX-12 in the treatment of 
myeloma mice model by HE staining and Kappa 
antibody staining.

Materials and Methods

MM Cell Line and Growth
H929 cells were grown in vitro in Roswell Park 

Memorial Institute-1640 (RPMI-1640) medium 
(Sigma‑Aldrich, St. Louis, MO, USA), supple-

mented with 10% fetal bovine serum (FBS; Sig-
ma‑Aldrich) and 1% penicillin‑streptomycin (Gib-
co BRL, Grand Island, NY, USA), and stored in a 
humidified incubator containing 5% CO2 at 37°C. 
To track the metastasis of H929 cells in vivo, we 
infected H929 cells with lentivirus containing Lu-
ciferase/green fluorescent protein and quantified it.

Reagents
PX‑12 was purchased from Sigma-Aldrich and 

dissolved in dimethyl sulfoxide (DMSO; Sig-
ma‑Aldrich, St. Louis, MO, USA) at 10 mM as raw 
solution. NAC and BSO were obtained from Sig-
ma‑Aldrich. NAC was dissolved in 20 mM HEPES 
buffer (pH 7.0) and BSO was dissolved in water. 
H929 cells were pretreated with 2 mM NAC or 
10 μM BSO for 1 h prior to treatment with PX-12. 
DMSO (0.2%) was used as a control vehicle.

Growth Inhibition Assay
The effects of PX‑12 on cell growth were de-

tected by measuring 3‑(4,5‑dimethylthiazol‑2‑yl) 
‑2,5‑diphenyltetrazolium bromide (MTT; Sig-
ma‑Aldrich) absorbance in living cells. In brief, 
1×104 cells/well were plated in 96‑well plates 
(R&D Systems). After the action of a specified 
dose of PX12 for a specified time, MTT solution 
[20 μl: 2 mg/ml phosphate-buffered saline (PBS)] 
was added to each well. The plate was incubated 
at 37°C for 3 hours, the liquid was transferred, 
and 200 μl dimethyl sulfoxide (DMSO) was add-
ed to each hole to dissolve formaldehyde crystal. 
The optical density was measured at 570 nm us-
ing a microplate reader.

Cell Cycle Analysis
Cell cycle and sub‑G1 cell analysis were de-

tected by propidium iodide (PI, BD Bioscienc-
es, Franklin Lakes, NJ, USA) staining. In brief, 
1×106 cells were incubated in a 60‑mm culture 
dish (R&D Systems, Minneapolis, MN, USA) 
and treated with the designated doses of PX‑12 
for 72 h, then washed by PBS and fixed in 70% 
(v/v) ethanol. After removing the residual ethanol, 
add PI (10 μl of 50 μg/ml), ribonuclease A (50 μl, 
1 mg/ml, Sigma Aldrich, St. Louis, MO, USA) 
and 0.1% bovine serum albumin (BSA; 200 μl) 
were added to the cells. After incubating 30 min 
without light, the cell cycle was analyzed by BD 
Biosciences flow cytometry.

Cell Death Detect 
Cell death was detected by Annexin V fluores-

cein isothiocyanate (FITC)/PI staining. Apopto-
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sis was determined by Annexin V FITC staining 
(Ex/Em=488/519 nm; Invitrogen Life Technolo-
gies, Camarillo, CA, USA). In brief, 1×106 cells 
were incubated with a specified dose of PX12 in a 
60 mm petri dish for 72 hours, with or without 2 
mM NAC or 10 μM BSO. The cells were washed 
twice with cold PBS, then suspended in 500 μl 
binding buffer with a concentration of 1×106cells/
ml, and then added Annexin V FITC (5 μl) and PI 
(5 μl) to analyze the cells. 

In order to observe the effect of GSH precur-
sor NAC (N‑acetyl cysteine) and inhibitor BSO 
(L‑buthionine sulfoximine) on apoptosis induced 
by PX-12, cells were pre-incubated with 2 mM 
NAC or 10 μM BSO for 1 h, and then treated with 
10 μM PX-12 for 72 h. Apoptosis was detected by 
FACStar flow cytometry.

Detection of Intracellular ROS Levels
Intracellular ROS levels were detected by ox-

idation‑sensitive fluorescent probe, 2’,7’‑dichlo-
rodihydrofluorescein diacetate (H2DCFDA; Ex/
Em=495/529 nm; Invitrogen Life Technologies, 
Carlsbad, CA, USA). In brief, 1×106 cells were in-
cubated in 60‑mm culture dish with a specified 
dose of PX‑12 for 72 h with or without 2 mM NAC 
or 10 μM BSO. 

The cells were washed with PBS buffer and in-
cubated with 20 μM H2DCFDA at 37°C for 30 
min. The fluorescence level of H2DCFDA was 
detected by flow cytometry. The level of ROS was 
expressed by the average fluorescence intensity 
calculated by CellQuest software (BD).

Mice model establishment and IVIS 
Imaging measurement

SCID Mice Were Obtained from Harlan Lab-
oratories (IN, USA).The mouse model was es-
tablished by implanting bilateral femurs of New 
Zealand white rabbits into the back of mice. Four 
weeks after the implantation, 5×106 H929 cells la-
beled with Luciferase green fluorescent protein 
were directly injected into the implanted rabbit 
bone on the right back of the model mice (Rabbit 
bone was implanted subcutaneously on the back 
of mice). MM progression in mice was monitored 
by measuring in vivo biological imaging (IVIS 
Imaging system; Perkin Elmer, Waltham, MA, 
USA)23. Mice model were administered PX-12 
(dissolved in DMSO) or vehicle (mice/group), 25 
mg/kg intravenously for 6 weeks18. ELISA kit as-
says were used to measure serum Trx-1 level at 
the indicated time points, tumor burden was mon-
itored by the IVIS-Imaging every 7 days.

Evaluation of Hematoxylin Eosin (H&E) 
Staining and Immunohistochemical 
Staining

To observe the in vivo effect of PX-12 on H929/
EL cells, the mice were anaesthetized with ket-
amine and serazine at the end of the experiment, 
and the mice were sacrificed by cervical dislo-
cation. Xenografts were isolated from the sac-
rificed mice, tissue specimens were fixed in for-
malin containing 10% phosphate buffer for 24 
hours, decalcified with EDTA (10% wt/vol, pH 
7.0) and embedded in paraffin. The slices (5 μm) 
were degreased with xylene, rehydrated with 
ethanol, rinsed with normal saline and antigen 
retrieval with microwave. According to the man-
ufacturer’s instructions, the tissue sections were 
stained with HE staining kit (catalog number, 
C0105, Beyotime Institute of Biotechnology), or 
incubated with mouse monoclonal anti-differen-
tiated cluster Kappa antibodies (dilution, 1:2500; 
catalog number, AB81289; Abcam, Cambridge, 
UK) during antigen recovery and endogenous 
peroxidase treatment. All reactions were per-
formed by automatic immunostaining (DakoCy-
tomation, Carpenteria, CA, USA) and Envision 
immunostaining-HRP detection system (Dako 
Cytomation), and diaminobenzidine was used 
as chromogen. Using the Aperio Scan Scope CS 
digital imaging system to scan slices and Spec-
trum (Aperio Technologies, Vista, CA, USA) to 
process the images. 

Statistical Analysis
All values were expressed as mean±s.e. of the 

mean, unless indicated otherwise. SPSS 21.0 soft-
ware (IBM, Armonk, NY, USA) was used for sta-
tistical analysis. Single factor analysis of variance 
(ANOVA) was used in the in vivo experiments. 
p<0.05, it was considered the difference was sta-
tistically significant.

Results

Effects of PX-12 on Cell Activity and Cell 
Cycle Distribution in H929 Cells

After exposure to concentration range of 1-30 
μM PX-12 for 72h, the viability of H929 cells was 
not affected at 1 μM PX-12, whereas 2.5 and 5.0 
μM PX-12 treatment could induce cell death of 
H929 cells. In addition, the number of cells was 
decreased significantly at 5.0-30.0 μM PX-12 
(Figure 1A). Based on MTT assays, compared 
with the DMSO control group, the cell viability 
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dropped sharply at the dose of 5.0 μM tested at 
24h, and significantly decreased at 72h, the high 
dose of 30.0 μM PX-12 inhibited the growth of 
H929 cells most significantly at 24h; however, 
there was no difference at 72h (Figure 1B). By ex-
amining the cell cycle distribution of H929 cells 
treated with PX-12, it was found that 2.5 and 5.0 
μM PX-12 significantly induced cell cycle arrest 
in G2 and M phase at 72h (Figure 1C).

Effects of PX-12 on Cell Apoptosis in 
H929 Cells

As shown in Figure 2B, after 72 hours of treat-
ment, 10 μM PX-12 could increase the percentage 
of Annexin V FITC positive cells, while 1 μM 
PX-12 could not increase the percentage of cells 
(data not shown). We also observed the effects of 
NAC and BSO on apoptosis of H929 cells treat-
ed with 10 μM PX-12. As shown in Figure 2A, 
NAC significantly reduced the apoptosis of H929 
cells treated with PX-12, while BSO increased the 
number of apoptotic cells. NAC and BSO had no 
significant effect on the growth and apoptosis of 
H929 cells (data not shown).

Effects of PX-12 on the Level of ROS and 
Caspase-3 in H929 Cells

H2DCFDA probe was performed to evaluate the 
intracellular ROS level in PX-12 treated H929 cells. 

As shown in Figure 3A, PX-12 could significantly 
increase the intracellular ROS (H2DCFDA) level of 
H929 cells at the dose of 2.5 μM-10 μM after 72 h. 
Among the different concentrations, 10 μM PX-12 
resulted in the highest level of ROS, while the ROS 
level decreased at the dose 20 μM and 30 μM (Figure 
3A). ROS level was increased sharply in a dose of 10 
μM at 72 h, the effects of NAC or BSO on ROS lev-
el at 10 μM PX-12 treated H929 cells were detected 
after 72 h. As shown in Figure 3B, treatment of cells 
by combination of NAC (2 mM) and PX-12 (10 μM) 
could significantly rescue H929 cells from undergo-
ing cell death, whereas BSO increased the level again. 
NAC and BSO had no significant effect on ROS level 
in the control group (data not shown). The caspase-3 
activity was used to detect the apoptosis-inducing ef-
fect of PX-12 on H929 cells. Compared with untreat-
ed cells, the caspase-3 activity of H929 cells signifi-
cantly increased by 4 times after being treated with 
10 μM PX-12 for 72 h. NAC markedly attenuated the 
caspase-3 activity increasing in PX-12-treated H929 
cells. However, BSO did not affect the caspase-3 level 
caused by PX-12 (Figure 3C). 

PX-12 Decreased the Trx-1 Level 
of Serum in MM Mice Model Established 
by H929/EL Cells

Trx-1 is located in the cytoplasm and nucleus 
and increase in the serum of tumor model ani-

Figure 1. Effects of PX-12 on growth and cycle distribution in H929 cells. A, Figures indicate cell population of H929 cells 
treated by PX-12 at 72h (×200). B, Cell viability changes in H929 cells assessed by MTT assays. C, Changes in the cell cycle 
distributions assessed by DNA flow cytometric analysis at 72h. *p<0.05, compared with the control group. MTT, 3‑(4,5‑di-
methylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide.
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mals and tumor patients. In this study, the level 
of Trx-1 in the serum of multiple myeloma SCID 
mice was detected by ELISA kit. To compare the 
tumor tissue cell activity, the tumor intracellular 
detection was not detected. In the in vivo study, 
mice were treated with PX-12 (8 mice/group) for 6 
weeks, as assessed by measurement of serum Trx-
1 level between control group and PX-12 treated 
group by ELISA Kit. As was shown, serum TRX-
1 level in SCID mice were very low, while serum 
TRX-1 level in myeloma SCID-rab mice was 
much higher (Figure 4A). After exposed to PX-12 
for 2h, serum Trx-1 level in the myeloma SCID-
rab mice model caused significantly decrease, 
there was still a reduction up to 24h after PX-12 
treatment, compared with the control group (Fig-
ure 4B), but there was no difference between 2h 
and 24h. 

PX-12 Inhibited Tumor Growth in Mice 
Model Established by H929/EL Cells

To observe the impeded effect of PX-12 on 
MM in vivo, SCID-rab model was established by 
H929/EL cells, specific methods refer to article 
published by Yata et al23. Mice model were ad-
ministered PX-12 (dissolved in DMSO), 25 mg/
kg intravenously, tumor burden was monitored 
by the Living-Imaging every 7 days. As shown in 
Figure 5, tumor grows very rapidly in the control 
group, especially after 21 days; however, tumor 

grows extremely slow in the PX-12 group, the 
maximum diameter of tumor in PX-12 group and 
control group was 11.5 mm and 24.2 mm, respec-
tively, the median diameters of tumors in PX-12 
group and control group were 11.2±0.3 mm and 
23.5±0.7 mm, respectively (p<0.01). Tumor cell 
proliferation in the control group was sharp, it in-
creased by 3-fold in the 21days compared to PX-
12 group detected by Living-Imaging (p<0.01).

Histological Analysis of MM Tumor 
In Vivo Growth Affected by PX-12 

As assessed by immunohistochemical staining, 
morphologically, myeloma cells infiltration in the 
tumor tissue reduced at the PX-12 treatment group 
from control hosts when stained for H&E (Fig-
ure 6A, B), anti-Kappa staining showed that the 
number of myeloma cells treated with px-12 was 
significantly lower than that of the control group 
(Figure 6C, 6D). It was shown that PX-12 could 
inhibit the growth of myeloma cells in SCID-
rab mice as evaluated by immunohistochemical 
staining 6 weeks after treatment.

Discussion

The Trx system maintains the redox dynamic 
balance of cells by directly scavenging ROS or 
regulating several redox enzymes24. Wherein, 

Figure 2. Effects of PX-12 on cell death and affected by the NAC and BSO. Exponentially growing cells were treated with 
10 μM PX-12 for 72 h following 1 h pre‑incubated with 2 mM NAC or 10 μM BSO. The cell apoptosis was detected by the 
FACStar flow cytometer. A, Indicated the percentage of Annexin V-positive cells. B, It shows cell apoptosis of PX-12 treated 
H929 cells and affected by the NAC and BSO. *p<0.05, compared with the control group; # p>0.05, compared with control 
group. NAC, N‑acetyl cysteine; BSO, L‑buthionine sulfoximine; PI, propidium iodide.
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Trx-1 plays a critical role in cell survival, angio-
genesis, tumor proliferation and metastasis25. It is 
overexpressed in kinds of human cancers includ-
ing cervical, lung, gastric, colon, breast and pan-
creatic cancer, which can increase production of 
VEGF and promote tumor angiogenesis26-30. Na-
kamura et al31 have reported that plasma TRX-1 
levels were increased in patients with pancreatic 
cancer and hepatocellular carcinoma. A couple of 
studies19,20,22 have shown that thioredoxin expres-
sion is increased in the patients with T-ALL, lym-

phoma and myeloma. Therefore, Trx-1 inhibitors 
have been considered as new type of antineoplas-
tic drugs, particularly, PX-12 is an irreversible 
Trx-1 inhibitor, which has an anti-tumor effect in 
a variety of human tumors including acute my-
eloid leukemia, lymphoma, myeloma21, colorectal 
cancer16, cervical cancer32 and lung cancer17.

In our study, it was showed that PX-12 inhib-
ited proliferation of H929 cells after 72h treat-
ment at dose from 5.0 to 30.0 μM (Figure 1A, B), 
growth inhibition of H929 cells performed time- 

Figure 3. Effects of PX‑12 on the intracellular ROS level in H929 cells. Exponentially growing cells were treated with the 
indicated concentrations of PX‑12 for 72 h. ROS level in H929 cells was measured using a FACS flow cytometer. A, H2DCFDA 
(ROS) level as a percentage of the control. The caspase-3 activity was measured to determine the apoptosis induced by PX-
12 on H929 cells. B, Effects of NAC and BSO on ROS levels in PX-12‑treated H929 cells. Exponentially growing cells were 
treated with 10 μM PX‑12 for 72 h following 1 h pre‑incubation with 2 mM NAC or 10 μM BSO. Graph showed ROS levels 
as a percentage of the control, the increased ROS levels were prevented by NAC but not BSO. C, Caspase-3 activity increased 
by 4-fold treated with 10 μM PX-12 at 72h compared to non-treated cells, NAC markedly attenuated the caspase-3 activity 
increasing by PX-12 and BSO did not affect the caspase-3 level caused by PX-12, *p<0.05, compared with the control group.



Experimental study on thioredoxin redox promoting apoptosis of multiple myeloma cells

1289

and dose-dependent style. Furthermore, it signifi-
cantly induced cell cycle arrest of H929 cells in 
G2/M phase (Figure 1C). Similarly, it has been 
found that PX-12 induces a G2/M phase arrest in 
other cancer cells such as lung cancer, breast can-
cer and B-cell lymphoma.

The effects of PX-12 on the growth and apopto-
sis of H929 cells in relation to ROS and caspase-3 
level were also investigated in the experiment, as 
was shown, PX-12 increased intracellular ROS and 
caspase-3 activity in H929 cells, suggesting that 
apoptosis occurred in H929 cells (Figures 2 and 3).

To our knowledge, elevated TRX-1 levels are 
related to tumor chemotherapy resistance, and in-
hibition of Trx1 could reverse the drug resistance 
of many tumors.

PX-12, an irreversible inhibitor of Trx1, has 
been shown to inhibit tumor growth and lead to 
ROS-induced apoptosis in many human cancers 
including AML, MM. However, in vivo studies 
on anti-myeloma activity of PX-12 were rarely 
reported. It was showed that MM cells have in-
creased Trx-1 expression levels compared to the 
normal PBMCs22. We used H929 cells to verify 
the inhibitory effect of PX-12 on different multi-
ple myeloma cells, and constructed the multiple 
myeloma SCID mice model and further analyzed 
the in vivo inhibitory effect of PX-12 on multi-
ple myeloma cells. In the present studies, for the 
first time, we analyzed expression of Trx-1 in se-
rum from SCID-rab mice model, it was (±S.E) 
213.68±16.97 ng/ml, which increased dramati-
cally when compared to the hosts without tumor 

(±S.E)21.02±3.27 ng/ml (p<0.05) (Figure 4A), 
this was similar as reported.

Two hours after intravenous injection of PX-12 
25 mg/kg, a significant decrease in plasma Trx-1 
was observed (±S.E) 73.19±8.67 ng/ml and re-
mained inhibited by (±S.E) 53.47±7.37 ng/ml at 24 
hr, much lower compared with the control group 
of (±S.E) 235.67±13.52 ng/ml (p<0.05) (Figure 4B). 
We observed that PX-12 decreased levels of circu-
lating Trx-1 in myeloma bearing mice model. 

This study showed that PX-12 inhibited MM 
cells growth in the SCID-rab mice model. As men-
tioned, H929EL cells’ viability was also decreased 
by PX-12 treatment in vivo, there was no signifi-
cant inhibition in xenografts growth observed in 
control group (Figure 5 A, B). We observed that 
cells proliferation also significantly decreased in 
PX-12 treated xenografts 14 days after drug in-
jection compared with untreated controls. There 
was almost 3-5-fold decrease in tumor viability 
measured by Living-Imaging system after 21 and 
28 days later injected PX-12 compared with the 
control group. Importantly, PX-12 caused signif-
icant decreases in expression of Kappa chain in 
vivo assessed by immunohistochemical staining 
(Figure 6 C, D).

Conclusions

In summary, PX-12 could inhibit the prolif-
eration of H929EL cells via G2/M phase arrest, 
and ROS-dependent apoptosis. Furthermore, we 

Figure 4. Serum Trx-1 level was assessed by ELISA Kit. A, Serum Trx-1 level in the mice without tumor was low, and sharply 
increased in the myeloma SCID-rab mice model. B, Serum Trx-1 level in the myeloma SCID-rab mice model significantly 
reduced after 2h and 24h treated with indicated concentrations of PX-12 compared with the control group. *p<0.05, compared 
with the control group.
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Figure 5. Living-Imaging system assessed the effect of PX-12 on the SCID-RAB mice model established by H929/EL cells. 
Mice model were treated with PX-12(dissolved in DMSO), 25 mg/kg intravenously. A, The growth of Luciferase expressing 
in control group (mice treated with DMSO) was shown measured by the Living-Imaging system, Luciferase expressing in 
SCID-RAB mice model in the PX-12 treated model were much lower than control group when detected at 21 days and 28 days 
(p<0.01). B, Changes in bioluminescence intensity of the implanted bones engrafted H929/EL cells to the SCID-RAB mice, 
tumor burden of mice in the control group were much higher than in the PX-12 treated model, especially detected at 21 days 
and 28 days.

Figure 6. Micrographs showed hematoxylin and eosin staining of tumor tissue from control and PX-12 treated mice model 
(A, B), less MM cell infiltration in the tumor of PX-12 treated mice (B) than of the control group (A). Kappa staining of tumor 
tissue performed more positive cells in the control group (C) than in the PX-12 treated mice (D) (×200).
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first reported that Trx-1 level increased in the 
H929EL/SCID-rab mice model, and PX-12 could 
decrease Trx-1 level in vivo, as well as inhibited 
MM cells growth in the SCID-rab mice model. 
This research provided both in vitro and in vi-
vo evidence about anti myeloma effect of PX-12 
which may provide ideas for the development of 
new and more effective methods for the treatment 
of MM.
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