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In vitro and in vivo studies of antitumor effects of the recombinant
immunotoxin MSH-PE38KDEL on melanoma
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MSH-PE38KDEL is a chimeric molecule composed of MSH, and fused to a truncated mutant form of Pseudomonas 
exotoxin (PE38KDEL). Our study aims to evaluate the specific cytotoxicity of recombinant immunotoxin MSH-PE38KDEL
on melanoma cells A875 and B16 in vitro, as well as its inhibition of metastatic melanoma in vivo. MSH-PE38KDEL was 
expressed in Escherichia coli, and greater than 90% purity was obtained. The purified MSH-PE38KDEL was found to be selec-
tively cytotoxic to MSH receptor-positive melanoma cells in vitro. The specific cytotoxicity of recombinant MSH-PE38KDEL
to A875 and B16 was over 85% by cell viability assay; however, MSH-PE38KDEL had no cytotoxicity to the human 2BS 
cells. The antitumor activity of MSH-PE38KDEL was evaluated in mice with induced melanoma through intra-tumor or
intravenous administration. The results showed that 90% melanoma growths were inhibited, and 40% of the tumors were 
disappeared completely. Histopathology results showed MSH-PE38KDEL can effectively inhibit intrahepatic metastasis. In
conclusion, MSH-PE38KDEL had cytotoxic effects on MSH receptor-positive melanoma cells, and causes significant tumor
growth inhibition. These results support a possible new approach for the treatment of melanoma.
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Escherichia coli; MTS,    3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxy-
phenyl)-2-(4-sulfophenyl)-2H-tetrazolium

Melanoma is one of the malignant tumors with the fastest 
growing incidence at approximately 3% to 5% growth annually 
[1-3]. Although high doses of interferon-α and interleukin-2 
have some therapeutic effects in patients with melanoma [4-
7], the most effective method for the treatment of metastatic
melanoma has not been found. A recombinant immunotoxin 
has been proposed as an effective (adjuvant) treatment with
high specificity for melanoma. Cytotoxic melanophore-stimu-
lating hormone (α-MSH) is a neuroendocrine hormone with a 
physiological role in promoting melanocyte proliferation and 
differentiation and melanin formation [8-9]. Its receptors are
widely present on the surface of many tumor cells, in particu-

lar, the surface of malignant melanoma. Studies have shown 
fewer than 100 MSH receptor sites on normal human cells or 
epidermal melanocytes, but approximately 900–5,700 MSH 
receptors on the human melanoma cell surface [10-12]. α-MSH 
has high affinity for its receptor[13] ,and therefore might be
used as a specific targeting vector.

Recombinant immunotoxins are chimeric proteins in which 
a truncated toxin that serves as the cytotoxic moiety is fused 
to an Fv portion of an antibody that serves as the targeting 
moiety. The pseudomonas exotoxin (PE) shows high toxicity 
and its cytotoxicity mechanism has been elucidated; it appears 
to be an ideal preparation of immunotoxin [14-15]. The struc-
ture of mutated and truncated forms of PE is PE38KDEL. The
N-terminal domain Ia (aa1-252) of PE has an antiparallel β 
structure and is responsible for cell recognition. In PE38KDEL, 
domain Ia has removed from PE. Therefore, PE38KDEL
nonspecific binding to the cells is reduced. And PE38KDEL
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has removed amino acids (365-380) from domain Ib of PE 
to reduce immunogenicity and increasing penetration [16]. 
PE38KDEL has an altered carboxyl terminus from the REDLK 
to the KDEL sequence, which binds with higher affinity to the
KDEL receptor and results in increased cytotoxicity [17-18]. 
In addition, the disadvantages of PE in nonspecific binding
and low penetration have been reduced in PE38KDEL. As 
“warheads,” it has the characteristics of low molecular weight, 
high toxicity, cell-killing effects, and specific binding; there-
fore the PE38KDEL is widely used in creating recombinant 
immunotoxins [19].

In this study, we constructed a novel recombinant im-
munotoxin MSH-PE38KDEL. We investigated whether 
MSH-PE38KDEL had specific cytotoxicity to the melanoma
cells A875 and B16 in vitro and its inhibition of metastatic 
melanoma in vivo. Based on our results, we propose the im-
munotoxin MSH-PE38KDEL as an effective treatment for
melanoma.

Materials and methods

Plasmids and cells. The pET-28a vector (+) was purchased
from Novagen, U.S.A; the E. coli DH5α and host strain Ro-
setta-gamiTM2 (DE3) were obtained from TaKaRa (Dalian) Co., 
Ltd, Japan. The human melanoma A875 cells, nasopharyngeal
cancer CNE cells, mouse melanoma high transfer B16-F10 
cell line ( B16 cells), and the breast cancer MCF cell line were 
purchased from the Cell Bank of the Chinese Academy of Sci-
ences Type Culture Collection Committee, Shanghai, China. 
The human embryonic lung diploid fibroblast cell line (2BS
cells) was purchased from the Changchun Institute of Biologi-
cal Products, Changchun, China.

Experimental animals. The specific-pathogen-free (SPF)
NIH/nu nude mice (6- to 8-week-old females, weighing 18-22 
g) were kindly provided by Changchun Institute of Biological 
Products Co., Ltd, Changchun, China. A maximum of four 
mice were housed per cage. Food and tap water were available 
ad libitum. The animal housing facilities were maintained on
a 12-h light/dark cycle, with constant temperature (20~24 
°C) and 50% humidity. All animal experiments were done in 
accordance with the Institutional Animal Care and Use Com-
mittee’s guidelines at the Jilin University.

Design and synthesis of the MSH-PE38KDEL gene. 
The target toxin MSH-PE38KDEL is a fusion protein that
was constructed by connecting the MSH gene to PE38KDEL 
with the flexible Linker SGGGGS (synthesized by TaKaRa
Biotechnology, Dalian Co., Ltd.). The MSH-PE38KDEL gene
sequence was encoded using E. coli-preferred codons and was 
sequenced by Jcat software [20]. The complete gene sequences
with restriction enzyme sites XbaI and BamHI were synthe-
sized, cloned into the T7 vector, and then transformed into the 
E. coli DH5α. strains by the Shanghai Sangon Biotechnology 
Company.

Induced expression and purification of MSH-PE38KDEL. 
The gene fragment encoding MSH-PE38KDEL was inserted

between the XbaI and BamHI sites of the expression vector 
pET28a (+) plasmid (Novagen). The expression vector pET28
a (+)-MSH-PE38KDEL was transferred into Rosetta-gamiTM2 
(DE3). The plasmid-bearing Rosetta-gamiTM2 (DE3) was then
inoculated into Amp-resistant culture medium and allowed 
to multiply, with shaking speed at 160-170 rpm at 37 °C, until 
reaching the logarithmic growth phase. Then, isopropylthio-
β-galactoside was added at a final concentration of 1 mmol/l
and the culture was continuously shaken for 6 h at 180 rpm 
at 37 °C. Bacteria were collected, MSH-PE38KDEL protein as 
analyzed by gel imaging analysis system, and the supernatant 
and pellet were separated by centrifugation after ultrasonic
disruption at 300 W. The supernatant and pellet were both
analyzed by sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE) and western blotting. The expressed
product was purified from the supernatant, because the protein
is soluble in E. coli supernatant. After ultrasonic treatment, the
solution was precipitated through 40% ammonium sulfate, 
and suspended in10 mmol TE buffer. The protein was puri-
fied through three stages of chromatography in hydrophobic
(Phenyl FF [high sub]) chromatography, diethylaminoethyl 
(DEAE) Sepharose Fast Flow ion-exchange chromatography, 
and Sephacryl (S-200) High Resolution molecular sieve chro-
matography. The protein sample was analyzed at each stage by
12% SDS-PAGE.

In vitro cytotoxicity activity of MSH-PE38KDEL. The in 
vitro specific cytotoxicity of the recombinant immunotoxin
MSH-PE38KDEL was studied using A875 and B16 cells which 
express the MSH receptors, and CNE, MCF, 2BS cells which do 
not express the MSH receptors. Each cell type was cultured us-
ing RPMI-1640 complete culture solution with 15% fetal bovine 
serum at 37 °C, 5% CO2. At the logarithmic growth phase, cells 
were diluted with RPMI-1640 culture medium and counted, and 
the concentration was adjusted to about 1×105 cells/ml. The cell
suspension was added to a 96-well cell culture plate (100 μl/well) 
and cultured at a 37 °C, 5% CO2. The MSH-PE38KDEL protein
was diluted with phosphate buffer at the concentrations of 5
ng/ml, 25 ng/ml, 100 ng/ml, 200 ng/ml, 400 ng/ml, 600 ng/ml, 
800 ng/ml and 1000ng/ml. 100μL/well of MSH-PE38KDEL 
with different doses or 0.9%NaCl (negative control) were
added, separately. The plates were then cultured at a 37 °C, 5%
CO2. The state of cell growth was checked every day. After 48
hours of incubation, 20 μl/well MTS/PMS was added. The MTS
(3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-
(4-sulfophenyl)-2H-tetrazolium)assay is often described as a
‘one-step’ MTT assay, which offers the convenience of adding
the reagent straight to the cell culture without the intermittent 
steps required in the MTT assay. These assays measure cellular
metabolic activity and reflect the number of viable cells present.
Then 200 μl/well of dimethyl sulfoxide was added. The plates
were shaken for 10 min and were incubated for 3 additional 
hours. Then the plates were read at 490 nm using a microreader.
The killing rate of MSH-PE38KDEL at each concentration was
calculated: 
(1) Cell viability (%) = experimental OD/control OD [21]
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The inhibition of murine melanoma by MSH-PE38KDEL. 
Ten mice were injected with saline, and other thirty NIH/nu 
nude mice were injected (0.2 ml/mouse) subcutaneously at 
the axillae with B16 cells at concentration of 1 × 107/ml. The
nodules were measured with a 1/50 mm vernier caliper daily. 
The tumor-bearing mouse model was ready for analysis when
the longest diameter reached 4-6 mm. Thirty mice were di-
vided into three groups for testing the anti-tumor activity of 
MSH-PE38KDEL:

Negative control group: 10 mice without tumor, fed for 10 
days as other groups, and injected intravenously with 0.5 ml 
saline, daily.

Positive control group: 10 tumor-bearing mice, fed for 10 days 
as other groups, injected intravenously with 0.5 ml saline, daily.

Intra-tumor immunotoxin administration group: 10 
tumor-bearing mice, fed for 10 days as other groups, 
injected (0.25 ml/mouse) intra-tumor with 1.1 mg/ml MSH-
PE38KDEL daily for consecutive 10 days.

Intravenous immunotoxin administration group: 10 tumor-
bearing mice, fed for 10 days as other groups, injected (0.25 
ml/mouse) intravenously with 1.1 mg/ml MSH-PE38KDEL 
daily for consecutive 10 days.

The nodules were measured with a vernier caliper daily and the
following formula was used to calculate the tumor volume: 
(1) Tumor volume = a2×b×π/6 (a is the shortest diameter, b is 

the longest diameter). 
The mice were sacrificed after 10 days of treatment. The 

inhibitory rate was calculated based on the mean tumor vol-
umes last measured prior to sacrifice.

(2) Tumor suppression rate (%) = [(tumor volume of positive 
control group – experimental group tumor volume)] / tumor 
volume of positive control group] × 100%. 

(3) Tumor disappearing rate (%) = (number of tumor disap-
pearing mice) /10

Histopathologic and ultrastructure electron micrograph 
analyses. To determine the tumor growth and metastasis, the 
pathological changes of the tumor sides of heart, liver, spleen, 
lung, kidney, and intestine were observed by light microscopy 
and transmission electron microscopy. 

Statistical analysis. The data are presented as mean (±SD)
for each group, unless indicated otherwise. The statistical
analysis of data was performed by t-test and F-test analysis 
using the software package SAS version 9.2 (Statistical Analysis
System, SAS Institute Inc., Cary, NC, USA). A P value of 0.05 
was considered statistically significant.

Results

Expression and purification of MSH-PE38KDEL. The
MSH-PE38KDEL fusion protein was sequenced and found 
to be correct by Dnaman software analysis. The Mr arm of
the protein was about 40 kDa by SDS-PAGE (Figure 1A), cor-
responding to theoretical calculations. The MSH-PE38KDEL
protein constituted 10% of the total bacterial protein as 
analyzed by gel imaging analysis system. Western blotting 
of supernatant and precipitate showed that corresponding 
mouse anti-PE38-specific band appeared in the supernatant
(Figure 1B), and proved the fusion protein was soluble. The

Figure 1. SDS-PAGE analysis of pET28a (+) -MSH-PE38KDEL (A). M: low molecular weight protein marker; Lane 1: pET28a (+) induction in Rosetta; 
Lane 2, 3, 4: pET28 a(+)-MSH-PE38KDEL induction in Rosetta. Western blot assay of MSH-PE38KDEL after ultrasound (B). Lane 1: pET28a (+) induc-
tion in Rosetta; Lane 2: pET28 a (+)-MSH-PE38KDEL induction in Rosetta; Lane 3: Supernatant after ultrasound; Lane 4: Settling after ultrasound.

A B
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MSH-PE38KDEL fusion protein with purity greater than 
90% could be obtained by serial purification by Phenyl FF
(high sub) hydrophobic chromatography, DEAE Sepharose 
Fast Flow ion exchange chromatography, and Sephacryl 
(S-200) High Resolution molecular sieve chromatography 
(Figure 2A). SDS-PAGE analysis validated this purification
(Figure 2B).

The specific toxicity of MSH-PE38KDEL in tumor cells.
The MSH-PE38KDEL had significant dose dependent killing
effects on A875 and B16 cells within 48 hours and had no
killing effects on CNE, MCF, or 2BS cells. At the dose of 600
ng/ml, the MSH-PE38KDEL had the highest killing effects
on A875 cells and B16 cells and the survival rates of these 
two cell types were 6.9% and 10.9%, respectively (Figure 3A). 
Microscopy observation also confirmed that 600 ng/ml MSH-
PE38KDEL significantly reduced cell viabilities in A875 cells
and B16 cells (Figure 3B).  

The antitumor effects of recombinant immunotoxin
MSH-PE38KDEL on tumor-bearing mice. To determine 
MSH-PE38KDEL’s antitumor effects in vivo, B16 cells were 
transplanted to mice using the method described in “Materials 
and Methods”. On the fifth day, the subcutaneous melanoma
was visible;  on the eighth day the tumor diameter was up to 
1.34 cm (Figure 4A); on the 10th day tumor diameter was up 
to 1.68 cm (Figure 4B). The adequacy of the animal model
created was thus confirmed.

     The mice were treated for 10 days. The melanoma tumors
of the positive control group grew rapidly, while the tumors of 
mice in intra-tumor administration and intravenous admin-

istration groups grew slowly and contractured gradually. The
total volume of tumors were quantified in the positive control,
intra-tumor and intravenous administration groups (Figure 
4C). When the average tumor volume in the same group of 
the different days were compared, there were a significant
difference in the positive control group (F= 87.27, P< 0.01), 
intra-tumor group (F = 50.49, P< 0.01), and intravenous group 
(F = 53.93, P< 0.01). 

The mean tumor volume of each group on the same day
was compared, showing there was no significant difference
between groups on day 1 (F= 0.66, P> 0.05) and day 2 (F= 1.36, 
P> 0.05). However, there were significant differences on day 3 
(F= 39.8, P< 0.01), day 4 (F= 100.7, P < 0.01), day5 (F= 233.7, 
P< 0.01), day6  (F= 343.7, P< 0.01), day 7 (F= 185.8, P < 0.01), 
day 8 (F= 242.3, P< 0.01), day 9 (F= 349.8, P< 0.01), and day 
10 (F= 503.7, P< 0.01). The suppression rate and disappearing
rate of the treated groups after 10 days of administration are
shown in Table 1. 

The tumors of three mice disappeared in the intra-tumor
group after 10 days of administration. The tumors of four
mice disappeared in the intravenous group after 10 days of
administration. The gross anatomy of tumor growth in tumor-
bearing mice was also determined. In positive control group 
mice, there were obvious tumor nodule (Figure 4D), however, 
the tumor integument is incomplete in intra-tumor injection 
group mice (Figure 4E) and only observing melanin imprint 
in i.v. injection group mice (Figure 4F). These results suggest
that recombinant immunotoxin MSH-PE38KDEL has anti-
tumor effects on tumor-bearing mice.

Figure 2. SDS-PAGE assay of MSH-PE38KDEL after S-200 molecular sieve chromatography purification. Thin layer scanning of SDS–PAGE gel showed
that the target protein’s percent is 90.0%. (A) SDS-PAGE assay of MSH-PE38KDEL. (B) M: low molecular weight protein marker. Lane 1: before peak 
protein 1. Lane 2: before peak protein 2; Lane 3: MSH-PE38KDEL with S-200; Lane 4: peak tail protein.

A B
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Figure 3. (A) Cytotoxic activity of MSH-PE38KDEL in B16, A875, CNE, 
MCF and 2BS cells by MTS assay. (B) Light micrographs of B16, A875, CNE, 
MCF and 2BS cells treated with 600 ng/ml MSH-PE38KDEL for 48h.

Table 1. Tumor suppression and Disappearing rate of the treated groups (%)

Group n Suppression rate Disappearing rate

Intra-tumor injection 10 92.3% 30%
i.v. injection 10 95.6% 40%

Intra-tumor or intravenous administration inhibits tu-
mor cell metastasis in the mice liver. The cell morphology and
ultrastructure of spleen, lung, kidney, and duodenum of the 
positive control group, the intra-tumor group, and intravenous 
group were comparable to the negative control group under 
light and transmission electron microscopy observation (data 
not shown). However, melanoma metastasis could be seen in 
the livers of positive control group with observation of cell 
atypia, deeply stained nuclei, and mitotic figures using low and
high magnifications (Figure 5A and 5B, black arrow).

 Under transmission electron microscopy observation, there 
were no abnormalities in the mice livers of the negative control, 
intra-tumor or intravenous administration group (Figure 6A, 
C, and D). However, the liver ultrastructure of the positive con-
trol group changed significantly as compared with the negative
control group. The transmission electron microscopy showed
that hepatocyte nucleolus contraction, nucleolus membrane 
lysis (Arrow 1), rough endoplasmic reticulum structure (Ar-
row 2), increased fat lysis and vacuolation (Arrow 3) in the 
positive group (Figure 6B).

Discussion 

The aim of the present study was to evaluate the MSH-
PE38KDEL’s antitumor activity in vitro and in vivo. Based 
on the toxicity mechanism of PE and the guiding role of α-
MSH [12-15], we constructed the recombinant immunotoxin 
MSH-PE38KDEL for the treatment of malignant melanoma. 
The recombinant immunotoxin was prepared based on the
integration of toxin molecules and guide molecules through 
recombinant technology, expression, and purification. It
showed application prospects in anti-cancer therapy and im-
mune regulation [22]. 

The target toxin MSH-PE38KDEL is a fusion protein that
was constructed by connecting

MSH gene to PE38KDEL with the flexible Linker SGGGGS.
The arm of the protein was about 40 kDa by SDS-PAGE,
which corresponded to the theoretical calculations. The re-
combinant expression vector pET28a (+)-MSH-PE38KDEL 
was constructed by linking the MSH-PE38KDEL gene to the 
prokaryotic expression vector pET28a. And the recombinant 
immunotoxin was expressed in Rosetta-gamiTM2 (DE3). The
MSH-PE38KDEL fusion protein was 10% of the total bacterial 
protein analyzed by gel imaging analysis system. The western
blot of supernatant and precipitate showed that corresponding 
mouse anti-PE38 specific band appeared in the supernatant,
and proved the fusion protein is a soluble expression. The SDS-
PAGE analysis showed the MSH-PE38KDEL fusion protein 

A

B
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Figure 4. Tumor-bearing mouse model. (A) Mice tumor growth on the 8th day; (B) Mice tumor growth on 10th day. (C) Tumor growth curves of mice in 
positive control, intra-tumor and intravenous injection groups after treatment .Tumor growth of bearing mice in gross anatomy observation. (D)Tumor
nodule of positive control group mice. (E) Tumor integument is incomplete in intra-tumor injection group mice. (F) Only melanin imprint is observed, 
however there is no nodules in intravenous injection group mice. 
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with purity greater than 90% could be obtained by Phenyl FF 
(high sub) hydrophobic chromatography, DEAE Sepharose 
Fast Flow ion exchange chromatography and Sephaeryl(S-
200) High Risolution molecular sieve chromatography. These
results establish an effective method for creating the immu-
notoxin protein at high concentration and purity to be used 
in research applications.

The specific toxicity assay of MSH-PE38KDEL in vitro 
showed that MSH-PE38KDEL had a significant killing effect
on A875 and B16 cells within 48 hours. The resulting survival
rates of A875 and B16 cells were very low. The immunotoxin
had no killing effect on the CNE cells, MCF cells, and 2BS
cells. Studies show that when several PE molecules come into 
the cell, they cause cell death within 3-5 minutes. In fact, this 
killing effect was also affected by intracellular conversion ef-
ficiency and the efficiency of Furin breaking PE into PE37.
The efficiency by Furin is only 5% to 10%. This process needs
a large number of PE molecules into the cell to complete the 
function of inhibition of protein synthesis [16]. Therefore, the
quantity which binds to target cells determines the intracellular 
conversion efficiency of recombinant immunotoxins. Our in 
vitro study showed that melanoma A875 and B16 cells have 
high expression of the MSH receptors, therefore they can bind 
to sufficient MSH-PE38KDEL thus playing a role in inhibition
of protein synthesis in cells and apoptosis activity. We believe 
that the MSH-PE38KDEL showing no significant cytotoxic
effect on the normal human 2BS cells may be due to the small
amount expression of MSH receptors in normal cells. 

This study also predict that constructed MSH-PE38KDEL
binds to MC-1R overexpressed cells specifically in vivo and 
plays killing effects but not to the human normal cells. This
study provide the evidence that the side effects of recombinant
immunotoxin will be far less than the chemotherapy drug and 
further evaluation of side effects will be also needed. MSH

recombinant immunotoxin also has specific killing effects
on laryngeal cancer Hep-2 cells in in vitro anti-tumor study. 
The reason may be MCRs presenting on the surface of Hep-
2 cell. MSH can bind to analogy receptors and plays killing 
effects [23]. In our study, recombinant immunotoxin MSH-
PE38KDEL is especially sensitive to the malignant melanoma.  
Setting up the methods of detecting over-expressed MSH or 
analogy receptors tumor cells will be the evaluation of the 
recombinant toxin indications for clinical application.

 The melanoma B16-cells tumor-bearing mouse model was
successfully established and validated based on the theory that 
a melanoma metastasis animal model could be constructed by 
injecting B16 cells into nude mice [22]. The model was used
to study the MSH-PE38KDEL’s activity in vivo. Our in vivo 
assay uses two administration routes of melanoma cells—in-
tra-tumor and intravenous—and saline was injected as a 
control. The results showed that after 10 days of daily injec-
tion with a MSH-PE38KDEL concentration 1.1 mg/ml (0.25 
ml/mouse), the tumor growth was inhibited significantly,
with an inhibition rate of >90%. And the tumor disappear-
ance rate using intra-tumor injection was 30%, and using 
intravenous injection was 40%. H&E staining showed that 
the MSH-PE38KDEL effectively inhibited the intrahepatic
metastasis of melanoma B16 cells. The electron microscopy
showed that MSH-PE38KDEL inhibited the damaging effects
of melanoma B16 cells on the liver cells. These data suggest
that MSH-PE38KDEL inhibits tumor growth and metastasis. 
Commonly used radionuclide and cytotoxic chemotherapy 
drugs in clinical application do not have the specific killing ef-
fects, so it is difficult to avoid the damage of the body’s normal
cells and the surrounding non-target cells. Therefore, the clini-
cal application has been limited duing to some chemotherapy 
drugs’ toxic side effects. We also observed the liver, kidney
and spleen cells ultrastructure using transmission electron mi-

Figure 5. Light micrograph of liver tissue in positive group mice. (A) Light micrograph of liver tissue by low magnification (HE×20) in a positive control
group mouse. (B) Light micrograph of liver tissue by high magnification (HE×40) in a positive control group mouse.
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croscopy. There are no significant cell ultrastructure changes
(such as mitochondrial membrane, nuclear membrane) in the 
intra-tumor or intravenous  administration group, confirming
the recombinant immunotoxin MSH-PE38KDEL has no toxic 
side effects to normal human cells, at least the immunotoxin
side effects is very little .

In conclusion, evaluation of MSH-PE38KDEL indicated 
that the recombinant toxin has selective cytotoxicity against 
MSH expressing melanoma cells in vitro and in vivo. At a dose 

of 1.1 mg/ml (0.25 ml/mouse) for 10 days, MSH-PE38KDEL 
caused significant tumor regression in mice. These results
make MSH-PE38KDEL a potential candidate for further 
development as an anticancer drug for MSH-expressing 
tumors.

Acknowledgements: We would like to thank Li Yang and Ning Ma 
for their technical assistance, Fu Bo and Baihui Zhi for their assistance 
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Figure 6. Transmission electron micrographs of liver cells from normal, positive control, intratumor or intravenous administration group mice. (A) 
Electron micrograph of a liver cell from normal mouse (×1.0K). (B) Electron micrograph of a liver cell from positive control group mouse. Nucleolus 
contraction and nucleolus membrane lysis (Arrow 1), rough endoplasmic reticulum structure (Arrow 2), increased fat lysis and vacuolation (Arrow 3). 
(C) Electron micrograph of a liver cell from intra-tumor administration group mouse (×1.0K). (D) Electron micrograph of a liver cell from intravenous 
administration group mouse (×1.5K). 
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