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Abstract: Objective: The aim of this study is to observe the homing and distribution of the foreign multidrug resis-
tance gene 1 (mdrl) in gene therapy. Method: After the bone marrow mononuclear cells of male BABL/C which was
transferred with retrovirus-mediated mdrl were transplanted into female Babl/c which was conducted radiotherapy
with °Co-y, the expression and distribution of foreign mdrl in the bone marrow mononuclear cells, peripheral
blood mononuclear cells and chief organs were detected by using immunohistochemistry, reverse transcriptase
polymerase chain reaction (RT-PCR) and Fluorescence in Situ Hybridization (FISH), meanwhile, the homing of the
bone marrow was monitored by immunohistochemistry and FISH. Result: There was no expression of external mdrl
in chief organs and tumor, P-glucoprotein expression percentage of the bone marrow mononuclear cells, peripheral
blood mononuclear cells and tumor were respectively (9.58+1.24)%, (8.31+1.62)% and (48.52+11.42)% before
performing chemotherapy, the homing rate of the bone marrow transferred with retrovirus-mediated mdr1 is 67.2%.
Conclusion: The expression of the external mdrl in bone marrow mononuclear cells and peripheral blood mono-
nuclear cells was high, but no expression in the chief organs and tumors, the homing rate of the transplant of bone
marrow transferred with retrovirus-mediated mdrl was significantly increased.
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Introduction Academy of Sciences and reserved in the labo-
ratory of the present study; mouse anti human
P-gp monoclonal antibody and S-P ultra sensi-
tive immunohistochemical kit were produced by
Fuzhou Maixin Biological Technology Develop-
ment Company; RT-PCR Kit (AMV) Ver.3.0 was
produced by Takara Biotechnology Co., Ltd.; cle-
an Balb/c inbred mouse of 6-8 weeks old and
(20+2) g in weight(donor: female mice, recept-
or: male mice) were provided by the Animal ex-
perimental center of Hangzhou Normal Univer-
sity; Hep-2 cell lines of laryngeal squamous cell
carcinoma were reserved in the laboratory of
the present study; cisplatin was produced by
Qilu Pharmaceutical Co. Ltd; Y chromosome pro-
be labeled by Cy-3 was produced by Cambio
Company.

As the main attributes for the failure of tumor
chemotherapy, multidrug resistance, and bone
marrow suppression have aroused wide atten-
tions [1]. The mdrl transfected into the bone
marrow mononuclear cells can protect the bo-
ne marrow suppression in the chemotherapy
and thus improve the tumor killing effect in the
intensified chemotherapy [2, 3]. This study tran-
splanted the bone marrow hematopoietic cells
of male Babl/c which transfected with mdrl in-
to female Babl/c and detected expressions of
mdr1 in bone marrow hematopoietic cells, peri-
pheral blood mononuclear cells, and chief org-
ans. On this basis, it investigated the protecti-
on effect of external mdrl to bone marrow and
the homing of mdrl in bone marrow after trans-

plantation. Test methods

Materials and methods The concentrated virus supernatant collected,

produced by transfection of bone marrow
PA317-HaMDRI/A virus packaging cells were mononuclear cells (BM-MNC), 5% CO,, and the

constructed by Tianjin Blood Institute, Chinese iscove’'s modified dulbecco’s medium (IMDM)
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with 10% calf serum were cultured in the CO,
incubator at 37°C. Supernatant was collected
for every 2-3 days and then centrifuged at
40000 r/min for 2 h. After the supernatant was
discarded, the residuals were made into con-
centrated virus supernatant [2]. The virus titer
was measured as 4.12x10° cfu/ml. Under ase-
ptic conditions, BM-MNCs were separated from
mouse bone marrow molecular cells that were
isolated from the femurs of the lower limbs of
mouse using lymphocyte separation liquid (sp-
ecific gravity 1.077) and density gradient cen-
trifugation method. By 5x10° cells and1 ml for
each well, the BM-MNCs were then moistly cul-
tured in 24 well plates with 0.4 ml IMDM cul-
ture liquid (20% fetal bovine serum) ml, 0.4 ml
concentrated virus supernatant, 10 ul 3%
L-glutamine (3 pg), 5 ul 2-mercapto ethanol (10
mol/L), 0.1 ml 10% BSA, 7.5 ul Polyberene (6
pg), 20 ul rmiL-3 (50 pg), 20 ul rmIL-6 (50 pg),
10 pl rmFIt-3 (20 pg), 20 pl rmSCF (50 ug) in
each well. Half of the medium was changed for
every two day. After 4 days, the bone marrow
transplantation and transfection effect were
determined.

Determination of mdrl transfection effect: (1)
The integration of external human mdrl in
BM-MNC was firstly detected using RT-PCR
method at the genetic level. Then according to
the kit instructions, the total RNA was extract-
ed from the pre-tested transfected cells. The
PCR reaction was described as that the exter-
nal human mdrl was degenerated for 4 min at
95°C, degenerated for 30 s at 94°C, annealed
for 45 s at 58°C, and extended for 1 min at
72°C in turn. This process was repeated for 35
cycles. Afterwards, the human mdrl were pre-
served at 72°C for 7 min; concerning premiers,
the sense and antisense of mdrl (157 bp) were
5-CCCATCATTGCA ATA GCA GG-3’ and 5-GTT
CAA ACTTCT GCTCCTCA-3’ respectively, while
those of B-actin (527 bp) were 5'-CTACAATGA-
GCTGCGTGTGG-3’ and 5-AAGGAAGGCTGGAAG-
AGTGC-3’ respectively. The product was ana-
lyzed by 1.5% agarose gel electrophoresis. (2)
According to the instructions of kit, the trans-
fection rate was detected using immunohisto-
chemistry at protein level. Each specimen was
provided with 5 smears. For each smear, we
randomly selected 200 cells from 5 views and
calculated the proportion of the positive cells at
each level. The modeling and grouping of tumor:
the cell lines of Hep-2 laryngeal squamous cell
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carcinoma were cultured in 5% CO, incubators
at 37°C. The concentration of the cell lines was
firstly adjusted to be optimum at good growth
condition of the cell lines and then diluted to be
1x107 after the cell lines were rinsed by PBS for
3 times. The cell line solutions obtained were
then injected beneath the skin of the left axilla
of mouse, with 0.1 ml for each mouse. One day
later, the mice were irradiated by ¢°Co-y ray at
intensity of 1.5 Gy. After irradiation, they were
transplanted with the BM-MNCs of the same
mouse spice that were transfected or untrans-
fected with mdr1 via tail vein at the 48" and
72" hour, 1x10® BM-MNCs for each mouse,
and 0.2 ml of each time. A total of 32 Balb/c
mice were randomly divided into four groups (8
mice for each group), including control group A
(the mice only pretreated by %°Co-y ray irradia-
tion), blank control group B (the tumor-bearing
mice treated by chemotherapy of normal saline
infusion in equal amount), negative control
group C (the tumor-bearing mice treated by che-
motherapy of procedurally transplanting with
the hematopoietic cells untransfected by mdrl
genes), transfection group D (the tumor-bearing
mice treated by intensified chemotherapy of
procedurally transplanting with the hematopoi-
etic cells transfected by mdrl genes).

Chemotherapy: The cisplatin applied is 2.5 mg/
kg (X) in conventional chemotherapy, while the
dose is gradually increased for 1.5X, 2.0X,
3.0X, 4.0X, and 5.0X in intensified chemothera-
py. The cisplatin was intraperitoneally injected
into the mice for once a week.

Determination of the in vivo distribution of the
transfected mdrl: In normal way, the BM-MNCs
were extracted from mice and the integration
condition of the external mdrl were tested by
RT-PCR method. Then the colonization rates
after the transplantation the BM-MNCs trans-
fected with mdrl genes were detected using
droppingimmunohistochemistry. Subsequently,
the MNCs of peripheral blood were isolated
using density centrifugation and related P-gp
expressions were detected using dropping im-
munohistochemistry. Then the mdrl expres-
sions in heart, liver, spleen, kidney, lung, and
tumor tissues were measured using RT-PCR.
Finally, the distributions of the mdrl genes we-
re explored using immunohistochemistry.

The homing and in vivo distribution of mdrl
detected by FISH: The drops of BM-MNCs iso-
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Table 1. Expression of P-gp in mouse bone marrow mononuclear cell and peripheral blood mono-

nuclear cells after chemotherapy

1W 2W 4W 5W 6 W
Blood 11.25+1.232 14.83+1.65 17.36+1.47 18.54+1.63 21.21+1.60 23.48+1.37°
Bone 90.7311.64° 10.54+1.54 11.32+1.21 12.64+1.72 14.42+1.36 18.63+1.84¢

ays PP<0.05, ° vs “P<0.05, ° vs P>0.05.

Figure 1. Positive expression of P-gp in tumor of con-
trol group (group A) (SPx400).

lated from the femurs and tibias of the lower
limbs of female mice were detected using Y
chromosome probe. Then the homing rates of
250 BM-MNCs were calculated. The in vivo dis-
tribution in the sections of heart, liver, spleen,
kidney, lung, and tumor tissues were inspected
using Y chromosome probe: (1) Pretreatment:
the sections were baked in the oven at 60°C for
6-8 h; dewaxing: the sections were placed in
xylene in 3 flasks for 10-20 min in turn; the
slides were then oscillated for 5 min in 100%
ethanol water-bath for twice. After removed out
and dried in air, they were placed in the 2xSSC
water bath of 75°C for about 5-20 min and then
digested at 45°C for 10-25 min using 0.25 mg/
ml proteinase K. Afterwards, the slides were
oscillated for 5 min in 2xSSC water bath at
room temperature; Subsequently, they were
placed in the 70%, 85%, and 100% gradient
ethanol for 2 min in sequence and finally dried
in air. (2) Hybridization: we removed the probes
and corresponding hybridization buffer solution
from the refrigerator at -20°C. After centrifuga-
tion, 1 ul probe was diluted into 10 ul in a 0.5
ml EP tube using the buffer solution. After uni-
formly mixed, the probe solutions were centri-
fuged for 2-3 seconds. We took 10 ul mixed
liquid onto the slides with preset position. The
slides were then covered by 22x22 mm cover
glasses. After air bubbles were removed, the
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surrounding of the cover glasses were sealed
using glues. The slides were then melted in
hybrid instrument at 72°C for 10 min. Then
they were placed in the moist hybrid box, which
was finally put into the incubator at 37°C in
dark overnight. (3) Washing the slides: we took
the slides from the hybrid box in the incubator
and carefully removed the sealing glues and
cover glasses. Then the slides were oscillated
for 2 min in a flake containing 0.4xSSC and pre-
heated at water bath of 75°C for 30 min (error
< £1°C). Next, they were oscillated for 1 min in
a flake containing 2xSSC/0.1% NP-40. After
the liquids were adsorbed using absorbent
paper, they were dried in dark. The dry slides
were added with 10 ul DAPI in the hybrid zone
and then covered with 24x50 mm cover glass.
(4) Finally, they were observed by microscope
aftertheopticalfilterswereadjustedbycolorobser-
vation.

Statistical method

SPSS18.0 statistical software was employed in
the analysis. The test data, which were repre-
sented by meantstandard deviation, were co-
nducted with normal test and homogeneity of
variance test. The x? test and variance analysis
results were listed in from of linexcolumn.

Results

Detection of in vitro transfection effect of
mdrl genes

Four days after transfection, the total RNA of
the BM-MNCs were extracted and amplified by
RT-PCR. The amplified total RNA was detected
with a specific amplification band integrated at
157 bp. Thus it is confirmed that the mdrl had
been successfully transfected into the BM-MN-
Cs. P-gp immunohistochemistry suggested that
the mouse BM-MNCS transfected with concen-
trated virus supernatant was (31.24+3.76)%.
The positive expressions mainly distributed in
the membranes of BM-MNCS, while negative
expressions were not observed in the control
group.
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Table 2. Positive expression of P-gp in tumor after chemotherapy (%)

1W 2W 3W 4 W 5W 6 W
Group A 48.52+11.42 47.34+10.31 46.78+10.54  48.67+9.92 46.45+10.33 47.91+8.38
Group B 48.34+9.35 51.21+10.47 54.65+10.07  54.89+8.43 55.65+10.56 56.65+9.32
Group C 46.13+8.62 50.39+10.72 51.17+8.36 51.76+9.51 52.37+8.75 52.95+9.66
Group D 44.76+£10.572 47.15+7.25 50.21+10.38 52.37+11.24 55.91+8.86 59.63+9.57°
2 vs "P<0.05.

Expression of mdrl1 gene in peripheral bloods
and bone marrows of receptor mice

Before chemotherapy, the positive P-gp expres-
sion rate of the MNCs in bone marrow and
peripheral blood achieved (9.58+1.24)% and
(8.31+1.62)% respectively. With the intensify-
ing of chemotherapy, the test results showed
that the P-gp expression yield of mdrl kept
stable and higher expressions in the bone mar-
row hematopoietic cells from the first week of
the transfection. With the dose increasing of
drugs in chemotherapy, the positive P-gp expr-
ession rate gradually increased. Moreover, the
positive P-gp expression rates in the peripheral
blood and bone marrow were presented statis-
tically significant differences in the sixth week
and first week respectively (t=7.52, 6.32, P<
0.05); the P-gp expressions in peripheral blood
were higher than those in bone marrow. But the
difference show no statistical significance
(t=2.957, P>0.05) (as shown in Table 1).

Expression of mdrl in the chief organs and tu-
mor tissues of receptor mice

We separated the heart, liver, spleen, kidney,
lung, and tumor tissues from the mice trans-
fected with mdr | and isolated the total RNA.
RT-PCR detection suggested that the RNA sh-
owed no specific bands of mdrl expressions
after amplification. Immunohistochemistry de-
tection also failed to find the P-gp expressions
in the organs. However, P-gp expression was
found to be high in the tumor tissues. In the
tumor tissues of Group A (normal control group
without chemotherapy), the positive P-gp expr-
ession rate was (48.52+11.42)% (Figure 1).
Variance analysis on each group implied that
the four groups exhibited no statistically signifi-
cant differences during the first 3 weeks
(F=97.538, P=0.000). The multiple compari-
sons among groups yielded the following
results: the positive P-gp expression rates of
Group C and Group D showed no statistically
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significant difference with that of Group B re-
spectively, P>0.05; In the fourth week, the posi-
tive P-gp expression rate of Group C showed
statistically significant difference with that of
Group D, P>0.05; the positive P-gp expression
rate of Group D in the sixth week showed statis-
tical significance with that in the 1%t week,
P<0.05 (as shown in Table 2).

Protection of mdr1 on the haematopoietic
function of bone marrow

Since the tumor-bearing mice were pretreated
by radiation before the first transplantation, the
leukocytes were not on a normal level in the
chemotherapy. Before chemotherapy, there
was no significant difference on the number of
leukocytes in peripheral blood of each group
(F=2.136, P>0.05). This result suggested that
the leukocyte numbers in the peripheral blood
of the tumor-bearing mice in each group were
at the same level and allowed for chemothera-
py. After intensified chemotherapy, the leuko-
cyte numbers in the peripheral blood of Group
D and Group B showed statistical significance
in each time point (t=6.532, P<0.01) (as shown
in Table 3); 15 days after the first procedural
transplantation, Group D and Group C were
also of statistical significance in aspects of the
leukocyte numbers in peripheral blood (t=7.316,
P<0.01). Compared with the Group B, the leu-
kocyte number reduction were slower in Group
C.

FISH detection of the homing and in vivo distri-
bution of BM-MNCs transfected by mdrl genes

The BM-MNCs isolated from the lower limb
femurs and tibias showed fluorescent expres-
sions of Y chromosome. In the 250 cells select-
ed, there were 168 positive cells, with a homing
rate of 168/250=67.2% (Figure 2). Fluorescent
expressions of Y chromosome were not detect-
ed in tumor tissue, heart, liver, spleen, kidney,
lung, brain, and intestine.

Int J Clin Exp Pathol 2016;9(11):11760-11766
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Table 3. Leukocyte numbers in the peripheral blood in tumor-bearing group after chemotherapy (x10°/L)

0d 3d 6d 9d 12 d 15d 18 d 21d 28d 35d 42d
Group B 6.9110.46 3.73+0.16 3.32+0.12 2.43+0.51 2.12+0.44 1.6310.56 1.36£0.51  0.88+0.32 - - -
Group C 6.78+0.45 6.74+0.51° 4.45+0.42 3.93+0.63 3.76+0.35 2.72+0.81 2.53+0.32 1.65+0.47 1.04+0.35 - -

Group D 6.64+0.39 6.52+0.34% 5.67+0.82% 5.53+0.54° 5.14+0.627 4.84+0.63*° 4.37+0.32%* 3.97+0.53*° 3.32+0.26° 2.56+0.34 2.14+0.37
Compared with the Group B ?P<0.01, Compared with the Group C ®P<0.01, “-” show mice have died.
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Figure 2. Fluorescence positive expression of Y-chro-
mosome in bone MNC received transplantation of
the transfected cells (FISHx400).

Discussions

As an effective method in resisting the bone
marrow suppression for drug, the stability and
security of mdrl therapy were attached with
increasing importance gradually [4, 5]. This
study found that mdr1 showed effective expres-
sions in hematopoietic cells of bone marrow
after transfected into the transplant of hemato-
poietic cells. Meanwhile, the mice in the test
kept a high leukocyte number in the peripheral
blood, which made it greatly possible for the
improvement of drug dose and protection of
bone morrow. The radiotherapy before the bone
marrow transplantation was targeted at vacat-
ing the “niche” in the receptors. Moreover, as
for the allogeneic bone marrow transplantation,
it reduced the graft-versus-host reactions of
transplants caused by the entering of alloge-
neic T lymphocytes [6, 7]. Niche refers to the
places for the proliferation and differentiation
of hematopoietic stem/progenitor cells in the
hematopoietic microenvironment. It is also an
adjustment region constituted by hematopoiet-
ic stromal cells and multiple locally enriched
hematopoietic regulation factors [8]. It is locat-
ed in the blood sinus and is vacated by the
dead stem cells in the pretreatment [9]. Due to
the very low differentiation rate, hematopoietic
stem cell's reproductive death follows with
finite times of differentiation in a few days of
irradiation injury [10-15]. Therefore, it is specu-
lated that the niche vacation process is com-
pleted 3-4 days after irradiation. After BM-MN-
CS transplantation, the implantation of stem
cells in bone marrow is a highly specific active
process, which is called as homing [16]. The
homing process is generally completed in
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12-36 hours after the transplantation. FISH
detection revealed that, in the first week of the
transplantation of the BM-MNCS transfected
by mdrl, the homing rate achieved 61.6%. This
result confirmed that a larger number of trans-
planted hematopoietic cells can realize hom-
ing. However, immunohistochemical staining sh-
owed that, in the first week, the positive P-gp
expression rate was (9.73+1.64)% in the bone
marrow. It is speculated that this result may be
related to in vitro transfection efficiency. Stem
cells moved between peripheral blood and
bone marrow in form of mobilization. After che-
motherapy, it was measured that the positive
P-gp expression rate achieved (11.25+1.23)%
in the MNS of peripheral blood in the first week.
In addition, with the intensifying of chemother-
apy, the positive P-gp expression rate increased
gradually possibly attributing to that, in short
time period, the intensified chemotherapy indu-
ces the P-gp expressions of BM-MNCS and
killed the BM-MNCS with lower P-gp expre-
ssions.

The human mdrl and mouse mdrl are highly
homological. Their difference lies in the first
transmembrane region on the amino terminal
and carboxyl terminal. Additionally, human adrl
is also similar with the protein gene transport-
ed by bacteria. Therefore, mdr gene is a highly
conserved gene family [15, 17, 18]. In the pres-
ent study, with the intensifying of chemothera-
py, tumor tissues showed significantly up-regu-
lated positive P-gp expressions. However, the
differences of the positive P-gp expressions
among groups were not statistically significant.
This results indicated that the mdrl gene
expressions in tumor tissue were unaffected by
the transplantation of the BM-MNCs transfect-
ed by external mdrl gene. RT-PCR detection
also implied that there was no external mdrl
gene in the tumor tissues. Thus it can be con-
firmed that drugs up-regulates the expressions
of mdrl gene and thus leading to the acquired
drug resistance. In addition, Y chromosome
fluorescence expressions were also not found
in the tumor tissue, heart, liver, spleen, kidney,
lung, brain, and intestine of mice. P-gp expres-
sions were detected in the tumor tissues of
mice using immunohistochemitry. The outcome
suggested there were internal mdrl in the
laryngeal carcinoma of mice. The higher prima-
ry drug resistance of the internal mdr1l may be
one of the reasons for unsatisfied laryngeal car-
cinoma chemotherapy effect. Meanwhile, it fur-
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ther proved that the external mdrl transfected
were not localized to the tumor tissue and chief
organs of mice.
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