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Abstract

The goal of this paper is to investigate whether a 3.0T magnetic resonance
scanner with a small animal coil can monitor the orthotopic TC-1 cell Cervical
Tumour (CT) growth in mice, and to evaluate the tumour growth prevent effect
of Human Papillomavirus (HPV)16E7 peptide-based therapeutic vaccine. The
TC-1 cells were implanted into cervical cavity of 52 female C57BL/6J mice
(6 experiments), and followed by subcutaneously immunization of HPV16E7
peptide-based with interleukin 10 receptor antibody in 18 mice (3 groups) to
observe the efficacy of the therapeutic vaccine. The same Magnetic Resonance
Imaging (MRI) equipment and protocols were performed through the entire
experiments. Images of each tumour-bearing mice were compared with blank
mice to determine when the CTs can be determined by MRI. The Tumour
Volume (TV) of each mice was monitored including 3 contrast enhanced tumors.
The TV changes were evaluated by comparing the size on the same coronal
MR images, and Signal Intensity (SI) measurement was adopted on 6 mice
to predict the tumour growth trend. This study showed that the average CTs
success rate was 90.38% (47/52), the tumour could be clearly detected on
average 10 days. The maximum average Sl values of tumour-bearing mice on
day 4 was 2447, which was significantly higher than that of the blank mice,
and increasing from day4 to day12. This study concluded that clinical 3.0T MRI
scanner with small animal coil can be used to monitor the CTs, and to evaluate
the CTs growth inhibitory effect of HPV16E7 peptide-based therapeutic vaccine,
Sl values may be used to predict cervical tumour growth and reliable than visual
observation of early tumour images.

Keywords: Orthotopic cervical tumour model; TC-1 cell; Magnetic
resonance imaging; Peptide-based vaccine; Therapeutic vaccine; Human
papillomavirus

without IL-10 signaling blockade, and the vaccine is able to prevent
tumour growth [3-5].

CT: Cervical Tumour; HPV: Human Papillomavirus; MRI:

Magnetic Resonance Imaging; TV: Tumour Volume; SI: Signal
Intensity; PBS: Phosphate-Buffered Solution; CTL: Cytotoxic T
Lymphocyte; IL-10: Blocking Interleukin 10; SPF: Specific Pathogen
Free; FCS: Fetal Calf Serum; Gd-DTPA: Gadolinium Diethylene-
Triamine Penta-Acetic Acid; HE: Hematoxylin-Eosin; SNR: Signal-
To-Noise Ratio;

Introduction

Cervical cancer is one of the most common cancers in women
worldwide, and is associated with continued infection of HPV16 and
18 [1]. Therapeutic vaccines, through the induction of Cytotoxic T
Lymphocyte (CTLs), specifically kill tumour cells without obvious
damage to normal cells and tissues; have become a research hotspot
[2]. Previously, it was demonstrated that blocking Interleukin 10
(IL-10) signaling at the time of immunization drastically increase
the vaccine induced CTL responses compared with the same vaccine

Currently, HPV therapeutic vaccines are usually tested in
mice models of HPV16E6/E7 transformed TC-1 tumour cells
subcutaneously implanted into mice flank [6,7]. HPV16 transgenic
mice model where HPV16E7 is expressed under the keratin 14
promoter is also used to study HPV16 induced epithelial tumour
pathogenesis and the efficacy of therapeutic vaccines [8,9]. Although
HPV therapeutic vaccines effectively inhibit tumour growth in mice,
but they often have poor effect in the clinical trials of HPV-associated
pre-cancer and cervical cancer [10,11].

HPV-associated tumours are mostly restricted to the genital
mucosa. Regression of these tumours may require the induction
of the effector T cell with mucosal homing signal or activation of
a vaccine induced immune response in the local mucosal region
[12,13]. Chronic exposure of estrogen is able to induce vaginal and
cervical squamous carcinogenesis of HPV16 transgenic mice [14-
16]. Similarly, orthotopic TC-1 mice model was also established by
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different groups through injection of medroxyroprogest nonoxynol-9
intra-vaginally before tumour challenge [17,18].

Magnetic Resonance Imaging (MRI) is a common approach to
demonstrate the tumour and its surrounding tissues [19,20]. MRI has
high special resolution and high contrast of soft tissue. It also provides
a non-invasive way to observe the growth of tumour or estimate the
impact of intervention. This approach is now even possible to detect
circulating tumour cells [21]. As a non-invasive imaging technique,
MRI has several advantages including an excellent soft tissue contrast
in combination with the 3D acquisition of morphology and function.
MRI has a high accuracy and excellent solution to diagnostic and
staging tumour of the cervix [22].

To assess the efficacy of a HPV therapeutic vaccine containing IL-
10 signaling inhibitor in a more relevant setting, in the current paper,
we established an orthotopic intra-vaginal HPV16 E6/E7 transformed
TC-1 cell tumour mice model, and evaluated the anti-tumour effect
of a HPV16E7 peptide-based therapeutic vaccine using a clinical 3.0T
MR scanner supplemented with a small animal coil.
Materials and Methods
Mice

Six to eight weeks old female C57BL/6] mice were purchased
from animal experiment center of Guangzhou, Guangdong province,
China. The mice were housed under Specific Pathogen Free (SPF)
conditions and used according to the recommendations for the
proper use and care of laboratory animals. All mice were kept at SPF
condition on a 12-hr light/12-hr dark cycle. The temperature of the
animal house was 22°C and the humidity was 75%. 5 mice were kept
each cage, provided with sterilized standard mouse food and water.
Mice were sacrificed by CO, inhalation at the end of each experiment
and confirmed by the ceasing of heart beat. Body condition scoring
was used to monitor the health of tumour-bearing mice [23].

Cell line

TC-1 cells were bought from Chinese academy of sciences,
Shanghai institutes of cell resource center, and maintained in RPMI
1640 media (Gibco, USA) supplemented with 10% heat inactivated
Fetal Calf Serum (FCS), 100U of penicillin/ml and 100ug of
streptomycin/ml in the presence of G418 at 0.4 mg/ml and cultured
at 37°C with 5% CO, as described elsewhere [5].
Peptides and reagent

HPV16E7 overlapping peptide (ME, CP, DR, LC) were
synthesized and purified by Mimotopes (Wuxi, China).

ME sequences:

MHGDTPTLHEYMLDLQPETTDLYCYEQLNDSSEEE.

CP sequences:

LNDSSEEEDEIDGPAGQAEPDRAHYNIVTFCCKC.

DR sequences: DRAHYNIVTFCCKCDSTLRLCVQSTHVDIR.

LC sequences: CVQSTHVDIRTLEDLLMGTLGIVCPICSQKP.

Monophosphoryl Lipid A (MPLA) were obtained from sigma,
USA. Anti-IL10 receptor (a-IL10R, clone: 1B1.3a) monoclonal
antibody was purchased from BioXcell, USA, and stored at -70°C

degree before use. ExYMPLA/a-IL10R contains four E7 peptides, each
10ug; 15pg of MPLA and 300pug of a-IL10R antibody in 100yl of PBS.

Ex/MPLA contains four E7 peptides, each 10ug; 15ug of MPLA
in 100yl of PBS.

Medroxyprogesterone (Med Chem Express, USA); Nonoxynol-9
(Sigma, USA) ; Carboxymethylcellulose (Sigma, USA); PBS (Hyclone,
USA).

MR scanner

Clinical 3.0T MR system (Model: GE Discovery 750w
(GE Healthcare, Waukehsa, USA) and a 4-channel receive only small
animal RF coil (Model: WK602, SN: 1236, Magtron, Jiangyi, China)
were used. This coil was a standard accessory of the GE 3.0T MR
system, and the coil was set to the head-imaging mode.

Establish orthotopic TC-1cell cervical tumour mice model

Mice were treated with 3 mg of medroxyprogesterone (Med
Chem Express, USA) via subcutaneous injection. 3 days later, they
were intra-vaginally given with 50ul of 4% nonoxynol-9 (Sigma,
USA) diluted in 4% carboxymethylcellulose (Sigma, USA) overnight.
On the next day, genital tract of each mice was washed with PBS
(Hyclone, USA) before implanted with 1.5x10° of TC-1 cells into the
cervical cavity through a plastic funnel. 8, 10, 13, 10, 6 and 5 in total
52 mice and 6 experiments were repeated, respectively.

Prevent tumour growth experiment

The same method as above was used to implanted the same
1.5%10° TC-1 cell into the cervix of another 18 mice. 3 days later,
the 18 mice were divided into 3 groups on average and immunized
subcutaneously with Ex/MPLA/a-IL10R, Ex/MPLA or PBS on the
rear right leg twice 7 days apart, respectively.

All the TC-1 cells implanted procedures were performed under
the mice anesthetic state by injecting 200ul of 4% chloral hydrate
intra-peritoneally [24].

MR scan preparation

All the MR imaging mice were performed under anesthetic state
as the same described above [24]. Each mice was prone to the small
animal coil, and the midsagittal axis of mice was coincide with the
coil long axis, while the transverse axis of mice was coincide with the
coil short axis. For the blank mice, 60uL of 0.9% physiological saline
was injected into its rectum, and a funnel was retained in its vaginal/
cervical cavity and fixed with adhesive tape.

MR scan

The coil with the imaging mice was placed at the center of the MR
scanner by laser guidance. MR scan was performed during the mice
was stationary completely and free breathing. The earliest MR scan
was day4 after the TC-1 cells were implanted. All MRI sequences were
based on the clinically used in our department, this may potentially
facilitate translation of imaging findings between rodent and human
studies [25]. According to our pre-experiment experiences, 7 slices
in coronal plane and a series 3D T1 images of each mice can meet
the image analysis requirement. Thus, the scan sequences of this
study included: (1) a low-resolution three plane scout sequence; (2)
coronal plane fast spin echo T2 weighted (COR T2WI) sequence; (3)
3D T1 sequence (3D T1) and (4) contrast enhanced 3D T1(3D T1+C)
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cavity, and letter d marks the mice bladder.

Figure 1: Coronal T2WI images of genital tract and its surrounding structure of C57BL/6J blank mice. (A) Letter a marks the mice spinal (spinal code). (B) Letter
b marks the mice rectum with 60uL of 0.9% physiological saline injected into. (C) Letter c marks the location of a little funnel placed into the mice vagina/cervical

Figure 2: Coronal T2WI images of blank and tumour-bearing mice. The tumour-bearing mice genital tract (yellow arrows) was seen shorter and obvious expansion
after TC-1 cells implanted compared to that of the blank one (red arrows).The same coronal image of the same tumour-bearing mice from Day 4 to Day 20 had
shown the tumour growth process. The tumour could be identified clearly on Day 10’s image.

sequence.

A low-resolution scout sequence (three-dimensional gradient
echo sequence) was used to obtain an anatomical overview and
target localization. The COR T2WI sequence was achieved by:
Repetition Time (TR)=5130ms, Echo Time(TE)=130ms, Field Of
View (FOV)=8.0, Phase FOV=0.6, Number of Excitation (NEX)=8,
Acquisition Matrix (AM)=256x224 (readxphase), Slice Thickness
(ST)=1.0mm, Thickness Space (TS)=0.5, Echo Train Length
(ETL)=26, Intensity Filter (IF)=B, Shim=auto, Auto Refocus Angle
(ARA)=111°, Receiver Bandwidth (RB)=10.0, Freq dir=S/I. The 3D
T1 sequence was achieved by TR=18.0ms, TE=8.4ms, FOV=8.0,
Phase FOV=0.80, NEX=2, AM=256x224, ST=1.0mm, RB=10.0,
FA=15°, Prep time=450, [F=A, Shim=auto, Freq dir=S/1, Acceleration
phase=1.50.

3 mice models were intravenously injected with 0.1mmol/kg of
Gadolinium Diethylene-Triamine Penta-Acetic Acid (Gd-DTPA)
from the tail vein after the 3D T1 sequence for the 3D T1+C sequence,
and immediately achieved with the same protocols as 3D T1 above for
a total of 3 times scan each mice.

MR images analysis

Source images were exported as DICOM files and analyzed on a
GE ADW4.6 workstation by one researcher. The tumour volume was
estimated by manually measuring the length, width and height on 3D
T1 images.

The Signal density (SI) of each tumour was measured in the same
genital tract region of each mice on the coronal images of 52 mice
model and 18 tumour growth inhibit experiment mice. A rectangular
ROI was placed under the bladder on coronal image, covering the
vaginal/cervical cavity with an area of 19.3mm’ The Maximum
(Max), Mean (M) and Standard Deviation (SD) values of 3 slices were
measured in each mice per time. The average values of the Max, M and
SDs were recorded as the final SI of each mice per time respectively. S
measurement started at the same time of the first scan and finished at
the same time when tumour was visible clearly.

The survival time was calculated based on the unit of day for the
52 mice model and 18 tumour growth inhibition experiment mice.

All the image visual evaluation was completed by two researchers
independently, and the third researcher participated in the discussion
to solve the different independent evaluation opinions, if necessary.
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Figure 3: Non-contrast enhanced, contrast enhanced images and SI measurement ROI. A and B were the same slice of non-contrast enhanced T2 and T1
weighted coronal images from the same tumour-bearing mice. C was the same slice as A and B,Gd-DTPA enhanced and 5min delayed T1 weighted image, its
tumour outline (blue arrows) clearer than that of the non-contrast enhanced. D was the SI measurement ROI of the mice vaginal/cervical cavity.

Pathology analysis

Genital included vagina, cervix and the
surrounding paraffin  embedded, and then
sectioned transversely, stained with Hematoxylin-Eosin (HE). 100x

tract tissues

tissues  were
and 200x optical microscope was employed to observe genital tract
and its surrounding tissues morphology of normal and tumour-
bearing mice.

Results

Clinical 3.0T MR system with a small animal coil can
monitor the growth of orthotopic TC-1 cell cervical tumour

Coronal T2WT images from normal mice were shown in Figure
1. The images were clear and have good soft tissue contrast, the spine
(or spinal cord), rectum, vaginal/cervical cavity, bladder and tail of
the normal mice were clearly distinguished. By comparing the images
of blank (normal) and day4 images of mice challenged with TC-1
tumour (Figure 2), the genital tract with TC-1 cells was shorter and
expanded than the blank one’s. The tumour grew slowly in the early
stage and most of them were recognized as little round soft tissue
images located in the cervical cavity the 8th to 12th day after tumour
cells challenged. The tumors grew rapidly along the genital tract,
and gradually squeezed the surrounding tissues about 14 days later,
most of tumour shapes were irregular, and the structures of rectum,
vaginal/cervical cavity and bladder, as shown in Figure 1, could be
difficult to be distinguished, some of the tumours even protruded
vagina. At the later stage (20 days later), The tumour volumes and
shapes were changed not significantly. Tumour internal signals were
uniform and the edge was clear when the tumours were small. With
the increase of tumour volume, inhomogeneous internal signals and
necrosis areas could often be recognized; meanwhile the edge of
tumours became blurred due to the tumours invading the adjacent
tissues. Images from Day 4 to Day 20 on Figure 2 were the coronal
T2WI images of the same mice showing that the tumour grew
gradually, and tumour could be firstly identified clearly on Day 10
after tumour cells challenged.

Gd-DTPA contrast enhancement images better reflect the
tumour border and nearby normal tissues

Coronal images of Figure 3(A,B,C) were from the same tumour-
bearing mice. Compared with the (A) non-enhanced T2 weighted and
(B) T1 weighted images, the tumour outline (blue arrows) became
clearer on the Gd-DTPA enhanced T1 weighted image, although the
internal mass of tumours no contrast enhanced (C).

Sl values compared between blank and tumour-bearing
mice

MRI signal is the electromagnetic wave with phase, frequency
and intensity detected. The electromagnetic waves are processed and
reconstructed to form MR images, reflecting the shape of the imaging
object based on the characteristics and time sequences of different
tissues.SI is actually the amount of signals that can be processed and
reconstructed. In this study, due to the limitation of signal receiving
and processing by MRI scanners, MR signals from the TC-1 cells were
insufficient to reflect the CTs morphological characteristics at least 8
days after transplantation, therefore, the earlier CTs morphological
changes couldn’t be clearly observed on the corresponding MR
images. However, these MR signal changes could be expressed in
numbers or digitized directly. SI values in Table 1 were measured in
the genital tract region (Figure 3D). The average SI value of day4 after
TC-1cells challenged was significantly higher than that of the blank
one’s, and the SI values were increased gradually from day4 to dayl12,
which suggested that SI values could be used as an earlier surrogate
marker to predict the tumour growth by MRI in this study.

Successfully established orthotopic TC-1 cell cervical
tumour mice model

Table 2 showed the success rate of mice model, which ranged
from 75% to 100%, with an average of 90.38% (47/52), and it took an
average of 10 days to clearly observe tumour on coronal MR images,
and the average survival time of the tumour-bearing mice was 25.3
days. The genital tracts and its surrounding structures between the
normal and tumour-bearing mice were obvious different under the
microscopy (Figure 4). It could be seen that there was no clear border
between the tumour and the genital tract wall of the tumour-bearing
mice, tumour cells invaded the submucosa of the vagina/cervix, and
truly imitated the biological behavior of human cervical cancer (C,
D).

Therapeutic vaccine prevents orthopedic TC-1 tumour
growth

We investigated whether HPVI16E7 peptide-based therapeutic
vaccine is able to prevent orthopedic cervical TC-1 tumour growth.
Figure 5 showed tumour volumes obtained by MR scanning of 3
different groups of subcutaneously immunized tumour-bearing mice.
The maximum tumour volume of mice with Ex/MPLA/a-IL10R
immunized was average 684.28mm?®, which was significantly smaller
than that of 1350.54mm?’ (Ex/MPLA group) and 1518.50mm? (PBS
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and the genital tract wall.

Figure 4: Normal and tumour-bearing mice genital tract and its surrounding tissues under optical microscope. (A) Normal mice, 4-um transversal sections obtained
from one of the blank mice, x100 magnification; (B) The same section as (A), x200 magnification (M: Mucosa, E:Epithelium, S: Stroma). It could be seen that there
was very clear border between different tissues of the normal genital tract wall; (C) tumour-bearing mice, 4-um transversal serial sections obtained from one of the
tumour-bearing mice, x100 magnification; (D) the same section as (C), x200 magnification. It could be seen that there was no clear border between the tumour
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Figure 5: Mice tumour volume of 3 groups of subcutaneously immunized
prevent tumour growth experiment. The maximum tumour volume of mice
with ExMPLA/a-IL10R immunized group was obviously smaller than that
of Ex/MPLA or PBS groups, while there was no difference between the Ex/
MPLA and PBS groups.

group) respectively, while there was no difference between Ex/MPLA
and PBS groups.

Discussion

In this study, we successfully established the orthotopic cervical
tumour models in C57BL/6 mice by implanting the TC-1 cell into the
cervical cavity, and successfully monitored the tumour growth on a
clinical 3.0T MR system with a small animal coil. It took an average
of 10 days to observe clearly the tumours on the coronal MR images.
The average success rate was 90.38% (47/52, Table 2), and the average
survival time of the 52 mice was 25.3 days. The maximum tumour
volumes were different among the 3 groups of the subcutaneously
immunized prevent tumour growth experiments, which indicated
that the HPV16E7 peptide-based therapeutic vaccine might be used to
prevent the cervical tumour growth and worth further investigation.

The subcutaneous transplanted tumours were usually observed
and monitored by the local changes of implantation site. However,
orthotopic tumour models mimic better than subcutaneously
transplanted tumour models, and usually require using imaging
equipments to monitor. Similar to the model of hepatocellular
carcinoma in mice, the orthotopic cervical tumour models can also
be monitored by using high-frequency ultrasound. But the result
judgments are closely related to the experience of the ultrasound
operators. Another way was to make the tumour cells to express
luciferase or green fluorescent protein and detect subsequent the

Table 1: Sl in genital tract ROIs of the blank (n=1) and tumour-bearing mice
(n=6).

blank | day 4 day 6 day 8 | day 10 | day 12

Maximum 993 2447 2734 2980 3253 3512
Mean 371 890 975 1053 1073 1573
Standard deviation | 213.5 | 557.75 | 528.57 @ 567.14 @ 516.5 | 712.38

Note: S| = Signal Intensity. Original data of the tumour-bearing mice corresponded
to Experiment 5 in Table 2. The values corresponding to blank were the average
of two times measured; Maximum, Mean and Standard deviation values were the
average values of the 6 tumour-bearing mice.

Table 2: MRI confirmed orthotopic TC-1cell cervical tumour mice model success
ratio.

n Tl NTI FTTI SR (%)

Experiment 1 8 6 2 10 6/8(75.00)
Experiment 2 10 10 0 8 10/10(100.00)
Experiment 3 13 12 1 10 12/13(92.31)
Experiment 4 10 9 1 10 9/10(90.00)
Experiment 5 6 6 0 10 6/6(100.00)
Experiment 6 5 4 1 12 4/5(80.00)

Average 10 47/52(90.38)

Note: n = number of samples; Tl = Tumour Identified; NTI = No Tumour Identified;
FTTI = First Time Tumour Identified; SR = Success Ratio

signaling strength luciferase or fluorescence. However, the methods
mentioned above had common features of lacking accurate cervical
anatomical position simulation and observation of its surrounding
structure, as well as intuitive identification of tumour internal
structure. With the advantages of non-ionizing radiation harm,
multi-sequence and multi-parameter scanning, excellent soft tissue
resolution, visual and readable images, MRI technology plays an
increasing important role in the living animal models researches.

In terms of monitoring the orthotopic cervical tumour growth,
it is ideal to use ultra-high field strength (4.7-16.4T) special MRI
equipment. However, most of clinical medical institutions lack such
equipment. The clinical 1.5T or 3.0T MRI systems with a clinical
wrist or other microscopy coils [25-31], and home-build birdcage
radio frequency coil [32] or customized transmit/receive volume
coil [33] were demonstrated to be effectively used for small living
animal imaging researches. These reports indicated that instead of
ultra-high field strength MRI scanner, the clinical MRI scanners are
also the valuable selection for this kind of investigations. However,
due to the limitations of the lower magnet field strength (1.5-3.0T)
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and larger coils used, clinical MRI scanners commonly yield a lower
Signal-to-Noise Ratio (SNR) and poorer spatial resolution when used
for small animal studies, compared to the dedicate scanners with the
field strength of 4.7-16.4T ones [25].

Based on the aim of improving the SNR and spatial resolution, a
small animal coil that can be connected to the clinical MRI systems
has been reported to contribute to similar investigations of mice
models [34]. Our results also showed that the clinical 3.0T MR system
equipped with a special 4-channel receiving only small animal coil
can effectively perform MRI of mice model, and the image quality is
suitable enough to distinguish the genital tract and its surrounding
structure of C57BL/6 mouse. In order to help researchers to accurately
and quickly locate the relative position of genital tract and the
surrounding structures of mice correctly on images, a small funnel
which used for transplanting TC-1 cells was fixed in the vaginal cavity
of the blank mice before scanning (Figure 1). Coronal T2-weighted
images were obtained from day4 to day20, with 2 days interval each
time after tumour cells were implanted by using the same scanning
equipment and protocols. The MRI image of the genital tract region
was different between the tumour-bearing mice (Figure 2, yellow
arrows) and the blank mice (Figure 2, red arrows). We believe that
these early (day4) image characteristic differences indicate that the
TC-1 cells have been implanted into the right place of the mice and
began to grow, which then led to cervical cavity dilatation of tumour-
bearing mice. Previous reports have shown that the first imaging time
is about 7 days after tumor inoculation using a 9.4T horizontal hole
small animal MR scanner equipped with a 25mm serrated resonator
[35]. In this study, although very few tumorus can be clearly observed
on the 8th day, the vast majority of tumorus can’t be clearly identified
until the 10™ day. This shows that the first scanning time of mice with
clinical 3.0T MRI system connected with small animal coil should
not be earlier than the 8th or 10th day after TC-1 cell implantation,
which is later than that of special MRI system for small animals. This
difference is mainly due to the higher SNR and spatial resolution of
the ultra-high field strength system than the clinical 3.0T system.

Theoretically, when detected MRI signal is enough to reflect the
morphological change between the tumour tissue and the adjacent
tissues, the differences can be identified subjectively on the images.
However, the image reproduction and subjective recognition ability
of this tissue contrast difference is affected by the performance of the
instrument and the subjective consciousness of the image reader.
In terms of the cervical tumor model established in this study, it
can be clearly identified on the MR image only depended on the
surviving TC-1 cells and continue to grow for about 10 days after
transplanted into the cervical cavity. This is a “long” waiting duration
for some researches that need to judge the success or failure of model
establishment quickly. But in essence, the difference of MR signal
between tumour and adjacent tissue structure is a consecutive process
from quantitative change to qualitative change. In other words, the
gradual visibility caused by tumour morphological changes is a
dynamic process, which is based on the synchronous enhancement
of MRI signals in corresponding regions created by the increasing
tumour cells, and the formation of morphological differences through
sufficient MRI signals. Other than MRI signals can be reconstructed
images for visual identification, the dynamic evolution process of MRI
signals created by local tissues can also be quantified by ROI or other

technologies to analyze the micro-elements of image composition
details, and displayed in digital quantitative or semi quantitative way.
Therefore, by using ROI analysis technology, we can monitor the
changes of MRI signal intensity in the same ROI before the visible
changes of tumor morphology, so as to predict the growth rate and
development trend of tumours.

The results of this study showed that by monitoring the SI value
of cervical ROI after TC-1 cell transplantation and comparing with
that of the blank mice, obvious differences have been showed on the
image of day4, and SIs showed the consecutive rising trend from the
later monitoring data until the tumour could be clearly observed
meanwhile the measurement terminated, as shown in Table 1.

This result indicated that although the ultra-high field strength
system has obvious advantages in image reproduction compared with
the clinical 3.0T system, if the ROI quantitative or semi quantitative
analysis method is used, both of them may have similar ability
to predict the model establishment earlier. However, for the vast
majority of medical institutions, the cost performance of clinical
3.0T MR system with small animal coil is much higher than that of
ultra-high field strength MR system. Similarly, SI values monitoring
with ROI technology can also help to evaluate the early response of
tumor to various treatment methods before the visible morphological
changes of image, and help to predict the curative effect and the
revision of treatment plan. Therefore, the objective results of high
sensitivity and accuracy could also be obtained through the right
methods and technologies, even if low-end equipment is used.

Previous researches have described the data acquisition of contrast
enhanced MRI from tumour-bearing mice on clinical scanners
[25,28-30], and the enhancement peak was at half minute and
gradually declined thereafter in mice in the Gd-DTPA enhancement
study [25], it may be related to the characteristics of “fast uptake and
fast wash-out” of malignant tumours after contrast agent injected.
According to our results, contrast enhanced imaging could show
the contours of tumours more clearly duo to improve the contrast
between the tumour and its surrounding structures (Figure 3A,B,C).
This may help to reveal smaller tumours than that without contrast
enhancement, or to find tumours earlier. Due to the limitation of
experimental conditions, the dynamic perfusion scanning mode did
not use in this study, and the general interval was one minute at least
from the completion of contrast agent injected to the beginning of
scan, missed the peak time of contrast agent staying in tumour, and
that was why the internal mass of tumours no contrast enhanced in
this study.

Previously, we demonstrated that blocking IL-10 at the time
of immunization drastically increase the vaccine induced T cell
responses and inhibit transplanted TC-1 tumour growth [5]. In
this study, using the orthotopic TC-1 cell cervical tumour model,
a similar result was obtained (Figure 5), suggesting this orthotopic
model could be used for the therapeutic vaccine efficacy research.
It would be very interesting to investigate whether, in a therapeutic
setting, this vaccine candidate is effective against orthopedic TC-1
cervical tumour. These results may reflect whether T cells may require
mucosal homing signal for effective killing cervical tumour. We are
currently investigating whether cervical tumour infiltrating T cells
are different from those infiltrating the conventional transplanted
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TC-1 tumour using the same orthotopic mice model as this study.
Conclusion

This study showed that the clinical 3.0T MR scanner with a small
animal coil can be used to monitor the orthotopic cervical tumour
growth, and to evaluate the cervical tumour growth inhibitory effect of
HPV16E7 peptide-based therapeutic vaccine. SI values may be more
sensitive than the visual observation of a tumour by MR scanning.
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