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ABSTRACT

Background: Positron emission tomography (PET) imaging is a non-invasive functional imaging method
used to reflect tumor spatial information, and to provide biological characteristics of tumor progression.
The aim of this study was to focus on the application of ®F-fluoromisonidazole (FMISO) PET quantitative
parameter of maximum standardized uptake value (SUVmax) ratio to detect the liver metastatic potential
of human colorectal cancer (CRC) in mice.
Methods: Colorectal liver metastases (CRLM) xenograft models were established by injecting tumor cells
(LoVo, HT29 and HCT116) into spleen of mice, tumor-bearing xenograft models were established by sub-
cutaneously injecting tumor cells in the right left flank of mice. Wound healing assays were performed
to examine the ability of cell migration in vitro. "8F-FMISO uptake in CRC cell lines was measured by
cellular uptake assay. '8F-FMISO-based micro-PET imaging of CRLM and tumor-bearing mice was per-
formed and quantified by tumor-to-liver SUVmax ratio. The correlation between the 8F-FMISO SUVmax
ratio, liver metastases number, hypoxia-induced factor 1« (HIF-1or) and serum starvation-induced glucose
transporter 1 (GLUT-1) was evaluated using Pearson correlation analysis.
Results: Compared with HT29 and HCT116, LoVo-CRLM mice had significantly higher liver metastases
ratio and shorter median survival time. LoVo cells exhibited stronger migration capacity and higher ra-
diotracer uptake compared with HT29 and HCT116 in in vitro. Moreover, 8F-FMISO SUVmax ratio was
significantly higher in both LoVo-CRLM model and LoVo-bearing tumor model compared to models es-
tablished using HT29 and HCT116. In addition, Pearson correlation analysis revealed a significant correla-
tion between 8F-FMISO SUVmax ratio of CRLM mice and number of liver metastases larger than 0.5 cm,
as well as between 8F-FMISO SUVmax ratio and HIF-1a. or GLUT-1 expression in tumor-bearing tissues.
Conclusions: '8F-FMISO parameter of SUVmax ratio may provide useful tumor biological information in
mice with CRLM, thus allowing for better prediction of CRLM and yielding useful radioactive markers for
predicting liver metastasis potential in CRC.

© 2019 First Affiliated Hospital, Zhejiang University School of Medicine in China. Published by Elsevier

B.V. All rights reserved.

Introduction

individualized treatment of patients with CRC has highlighted the
need for functional imaging methods to further explore the CRC

Colorectal cancer (CRC) is the third most commonly diag-
nosed malignancy worldwide [1]. The liver is the most common
site of CRC metastasis that has a decisive role in patient’s sur-
vival [2]. Tumor metastasis depends on tumor genetic and micro-
environmental heterogeneity; tumor heterogeneity is associated
with different biological behavior, clinical presentation, prognosis
and individual therapy responses [3,4|. Currently, more and more
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biological behavior in real-time.

The characteristic biological behavior of radiotracer uptake
depicts the process by which the tracer is transported into the
tissue, thereby reflecting tumor-related biological specifics in the
living state. Hypoxic regions are present in majority of malignant
solid tumors because tumor cells have a tendency to grow very
rapidly leading to insufficient oxygen supply [5]. Nevertheless,
hypoxic tumors have shown to be associated with poor prognosis,
aggressive phenotype, angiogenesis, tumor invasion and metasta-
sis, and resistance to chemotherapy and radiotherapy [6,7]. The
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different levels of hypoxia and the distribution of hypoxic regions
in tumors lead to different metastatic potential in different CRC
patients [8]. Non-invasive and dynamic assessments of tumor
hypoxia variability promote comprehension of tumor biological
behavior at the molecular level. Positron emission tomography
(PET) imaging is a non-invasive functional imaging method used
to reflect the tumor structure and dynamic function, while the
parameters of PET can provide information related to tumor spatial
heterogeneity which are very useful for selecting the appropriate
therapy early in the personalized approach process [9,10]. The
application of 8F-fluoromisonidazole (8F-FMISO) PET imaging for
detection of tumor hypoxia continues to be the leading radiophar-
maceutical for the evaluation, prognostication and quantification
of hypoxia [11,12]. FMISO is less confounded by blood flow and
its uptake after 2 h is an accurate reflection of inadequate re-
gional PO, at the time of radiopharmaceutical administration.
I8F_FMISO PET imaging is considered the most promising method
for hypoxia quantification since the tracer binds in hypoxic cells
selectively [11,13]. The lipophilic nature of '8F-FMISO ensures
facile cell-membrane penetration and diffusion into tissue. In
addition, a previous study [14] has shown that '8F-FMISO can
accumulate in a solid tumor with oxygen level of < 10 mmHg. The
I8F_FMISO radioactive parameter of standard uptake value (SUV)
can be used for quantification of the intratumoral hypoxia levels
while 18F-FMISO PET images can reflect the distribution of tumor
hypoxia region. The clinical application of 3F-FMISO radiotracer
has been done on glioblastoma multiforme including differential
diagnosis, assessing the biological aggressiveness region and prog-
nostic prediction of breast cancer, lung cancer, and head and neck
cancer [15-19]. Currently, there are only few studies on the appli-
cation of '8F-FMISO PET tracers for quantification of heterogeneity
in mice with human CRC xenograft.

The aim of this study was to investigate biological behavior
(primarily, its metastasis to the liver) of different CRC cell lines
LoVo (derived from metastatic site), HT29 and HCT116 (both cells
derived from primary tumor site), as well as to explore the di-
versity of "8F-FMISO uptake and tumor-related biomarker in vitro
and in vivo, using a mice model. These findings may contribute
to the better understanding of biological behavior of CRC and to
yielding useful radioactive markers necessary to guide personalized
therapeutic regimen.

Methods
Cell cultures

The human CRC cell lines LoVo, HT29 and HCT116 were pur-
chased from the Type Culture Collection of the Chinese Academy
of Sciences (Shanghai, China). The LoVo cell line was maintained
in Dulbecco’s Modified Eagle Medium (DMEM, Gibco Corporation,
Waltham, USA), while HT29 and HCT116 were cultured in Mc-
Coy’s 5A medium (Gibco Corporation); all media were supple-
mented with 10% fetal bovine serum (Hyclone, Logan, USA) and 1%
penicillin-streptomycin (Beyotime Biotechnology, Shanghai, China).
All cells were cultured in a humidified atmosphere containing 5%
CO, [ 95% air at 37 °C.

For hypoxia experiment, three types of cells were cultured in a
modulator incubator chamber at 37 °C with 1% O,, 5% CO, and 94%
N, at 37°C atmosphere for 24 h.

CRLM and xenograft mice models

Five-week-old female BALA/C nude mice (weighing 16-18 g)
were purchased from Animal Laboratory of Cavens Corporate of
Changzhou (Changzhou, China). All animals were housed in an en-
vironment with temperature of 22 + 1 °C, relative humidity of

50% + 1% and a light/dark cycle of 12 h/12 h. All animal studies (in-
cluding the mice euthanasia procedure) were done in compliance
with the regulations and guidelines of Jiangsu Institute of Nuclear
Medicine institutional animal care and were conducted according
to the Association for Assessment and Accreditation of Laboratory
Animal Care and the Institutional Animal Care and Use Committee
guidelines.

Sixty colorectal liver metastases (CRLM) xenograft models were
established by injecting LoVo, HT29 or HCT116 cells (5.0 x 106
cells in 0.15mL of phosphate-buffered saline) into spleen of anes-
thetized (2% isoflurane in pure oxygen) mice, respectively (n=20).
Additional eighteen tumor-bearing xenograft models were estab-
lished by subcutaneously injecting LoVo cells, HT29 cells or HCT116
cells (5.0 x 108 cells in 0.15mL of phosphate-buffered saline) in
the right left flank, respectively (n=6). After injection, the body
weight and tumor volume of nude mice was recorded every three
days. The mice were sacrificed after the micro-PET imaging was
performed.

Cellular uptake in vitro

LoVo, HT29 and HCT116 cells were maintained in correspond-
ing medium at 37°C in a 1% O, hypoxia atmosphere for 24h
before 18F-FMISO cellular uptake. The cells, F-FMISO and buffer
(DMEM containing 0.2% bovine serum albumin) were mixed into
a glass test tube (2mL) and incubated at 37°C for 30, 60, 120 and
240 min, respectively. The tubes were divided in three groups:
Group O, was composed of 100 pL radionuclides and 200 pL buffer
(DMEM buffer with 0.2% bovine serum albumin) and was used as a
control tube; Group T, contained 100 pL radionuclides which were
used to measure the radionuclide dose; Group X, was composed
of 100 pL radionuclides, 100 pL cell suspension and 100 uL DMEM
buffer. The cellular uptake was normalized to 5 x 10° cells/tube;
each cell line was tested three times at each time point. After
incubation, O and X groups were centrifuged at 1000rpm for
5 min and the supernatants were removed. The radioactivity of
each cell line at different time point was accurately measured us-
ing Automatic Gamma Counter (PerkinElmer 2480, Waltham, MA,
USA). The cellular uptake ratio was calculated using the following
formula: X(cpm)-O(cpm)/T(cpm)%. cpm: counts per minute. The
experiments were independently repeated three times.

Synthesis of 8F-FMISO

IBF.FMISO were automatically synthesized with a multi-
functional module (Wuxi Jiangyuan Industrial Technology and
Trade Corporation, Wuxi, China) according to the previous re-
port [20]. The final radiochemical purity of BF-FMISO was greater
than 95%, while the specific activity was > 0.5 TBq/mmol. The
18F_labeled tracers were formulated in normal saline and passed
through a 0.22 pm Millipore filter for animal use.

Micro-PET imaging

18E_FMISO PET imaging of LoVo, HT29 and HCT116 CRLM mice
models (n=20) were performed seven weeks after implanta-
tion. F-FMISO PET imaging of LoVo, HT29 and HCT116 tumor-
bearing models (n=6) were performed when the tumor reached
a volume of 1 cm3. Prior to imaging, all the mice were anes-
thetized with 2% isoflurane in 100% oxygen with a flow rate of
1L/min prior and images were acquired 4 h (radiopharmaceutical
administration time in mice) after injection of 8F-FMISO (about
14.8 MBq, 400 pCi) via tail vein. Micro-PET scans were acquired in
3-dimensional mode using an Inveon micro-PET scanner (Siemens
Medical Solutions, Erlangen, Germany) with an ordered-subset
expectation maximization/maximum: matrix, 128 x 128 x 159;
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pixel size, 0.86 x 0.86 x 0.8 mm; S-value, 1.5, with uniform res-
olution. PET images were reconstructed and postprocessed using
Inveon Acquisition Workplace software (version 2.0, Siemens Pre-
clinical Solutions). During the whole process, mice body tempera-
ture was maintained using a heat lamp.

All micro-PET imaging procedures were conducted according
to protocol approved by the Jiangsu Institute of Nuclear Medicine
Animal Care and Use Committee.

Image analysis

Regions of interests (ROIs) were drawn on images around the
entire liver metastasis or tumor-bearing lesions volume and back-
ground (normal liver tissue) using ASI Pro VM 6.8.6.9 software
(Concorde Microsystems, Knoxville, TN, USA). 18F-FMISO PET quan-
titative parameter of the maximum SUV (SUVmax) ratio was cal-
culated as the tumor to liver SUVmax (T/L ratio). The calculation
formulas for SUVmax were performed as: SUVmax=[Max x 8000
nCi/mL x weight (g)]/Injected dose uCi.

Wound healing assay

LoVo, HT29 and HCT116 cells were seeded in 6-well plates at
a density of 5x10° cellsymL and were cultured until reaching
monolayer confluency. The monolayer of cells was scratched with
a 10 pL pipette tip to create a wound gap, followed by taking
the first (Oh) picture with an Olympus IX71 microscope (Olym-
pus, Tokyo, Japan). After first imaging cells were treated with 2%
fetal bovine serum-containing medium and imaged 24 and 48h
after scratching, the wounded area was measured using Image-
] software (NIH, Bethesda, MD, USA). Wound healing percent-
age was calculated with the following formula: wound healing
percentage = (wounded area at 0h — wounded area at indicated
time)/wounded area at Oh x 100%. This experiment was run in
triplicate.

Immunofluorescence assay

LoVo, HT29 and HCT116 cells were seeded in 6-well plates un-
til reaching appropriate densities. Cells were cultured in a mod-
ular incubator chamber at 37°C in a hypoxic atmosphere of 1%
0, for 24 h prior hypoxia-induced factor 1o (HIF-1«) staining and
were serum-starved for 24 h prior to glucose transporter 1 (GLUT-
1) staining. Cells were then washed with phosphate buffer saline
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48 h
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three times and fixed with 4% paraformaldehyde for 30 min at
room temperature, followed by incubation with 1% Triton X-100 for
15min at room temperature. Subsequently, non-specific antibody
binging sites were blocked with 10% normal goat serum for 30 min,
and cells were incubated with anti-HIF-1¢ (1:100; Hlalpha67;
Abcam, Cambridge, UK) or anti-GLUT-1 (1:100; ab40084; Ab-
cam) [21]. Images were taken with a confocal microscope (C2si;
Nikon, Tokyo, Japan). The protein expression was quantified using
Live Cell Imaging System (NIS-Elements, Tokyo, Japan).

Immunohistochemical staining

The tumor-bearing specimens were fixed in 10% formalin for
48h, paraffin-embedded, and cut into 3um-thick sections. Im-
munohistochemical staining was performed as previously de-
scribed [22]. Briefly, the slides were incubated with anti-HIF-1¢
(1:100; Abcam) or anti-GLUT-1 (1:100; Abcam) at 4°C overnight.
Next, the slides were incubated with HRP-labeled goat anti-mouse
secondary antibody (Boster, Wuhan, China) at room temperature
for 1h followed by counterstaining with hematoxylin. The stain-
ing was observed under a BX53 Olympus microscope (Olympus) at
magnification x 200. The brown-yellow staining levels of HIF-1« or
GLUT-1 proteins were evaluated by Image-] software (NIH).

Statistical analysis

All data were expressed as mean + standard deviation or
frequency. Statistical analysis was performed using SPSS software
(version 19.0, IBM, Armonk, NY, USA). The difference between
three groups was assessed using one-way ANOVA with least-
significant difference (LSD) test. The Fisher’s exact test was used
for comparing differences in liver metastatic potential. The cor-
relation between the 8F-FMISO parameters of SUVmax ratio
and number of liver metastases, as well as tumor marker was
analyzed using Pearson correlation analysis. A P value < 0.05 was
considered statistically significant.

Results

LoVo cells are more prone to migration in vitro compared to HT29
and HCT116 cells

As shown in Fig. 1, the percentages of wound closure in
LoVo cells (25.27% + 0.6% at 24h and 67.3% + 0.51% at 48h) at
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Fig. 1. Migratory capability of LoVo, HT29 and HCT116 cells in vitro. A: LoVo, HT29 and HCT116 cell monolayers were scratched using 10 pL pipette tips. The images were
acquired at 0, 24 and 48 h after wound formation (original magnification x 100); B: Quantification of cell wound closure (%) of LoVo, HT29 and HCT116 cells. ** P < 0.001.
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Fig. 2. Survival curves of LoVo, HT29 and HCT116-xenograft models (n=20 per
group).

different time points were higher compared to those in HT29
cells (20.46% + 0.57% at 24h and 29.32% + 0.43% at 48 h, respec-
tively; P < 0.001) and HCT116 cells (5.88% + 0.83% at 24h and
18.42% + 0.73% at 48 h, respectively; P < 0.001).

LoVo cells have higher liver metastatic potential compared to HT29
and HCT116 cells

Twelve out of 20 LoVo-CRLM mice (60%), seven out of 20
HT29-CRLM mice (35%) and three out of 20 HCT116-CRLM mice
(15%) had liver metastases (x2=8.756, P=0.13). In total, there
were 22 mice with liver metastases of which 16 mice had liver
metastasis lesions larger than 0.5cm and a total of 35 liver
metastasis nodules larger than 0.5cm confirmed by anatomical
measurement. In addition, the median survival time of LoVo,
HT29 and HCT116-xenografted mice were 8.5, 10 and 12 weeks,
respectively (P=0.0001; Fig. 2). Moreover, HCT116-CRLM mice
have significantly longer survival time compared to those of LoVo
and HT29-xenografted mice.

In vitro cellular '8F-FMISO uptake analysis of different CRC cell line

I8F_FMISO was taken up into LoVo, HT29 and HCT116 cells in
a time-dependent manner. There was no statistical difference in
I8F_FMISO cellular uptake among LoVo, HT29 and HCT116 cells at
30min (P > 0.05), while at 60 and 120 min, LoVo cells exhibited a
significantly higher uptake compared to HT29 and HCT116 cells (all
P < 0.01, Fig. 3). HT29 cells had a higher uptake of 8F-FMISO than
HCT116 at 60 and 120 min, however, these results were not statis-
tically different (P=0.265 and 0.462, respectively). It is notewor-
thy that there was a significant difference between each of LoVo,

HT29 and HCT116 cells at 240 min (4.23 + 0.13, 3.34 4+ 0.18 and
2.22 + 0.23, respectively, P < 0.01).

Expression of hypoxia-induced HIF-1oe and serum starvation-induced
GLUT-1 in LoVo, HT29 and HCT116 cells

HIF-1oe and GLUT-1, tumor markers, had stronger fluorescent
staining in hypoxia environment cultured LoVo cells than in HT29
and HCT116 cells (P < 0.001, Fig. 4). HT29 cells have a slightly
higher fluorescent staining of HIF-1la and GLUT-1 than HCT116
cells; however, there was no statistical difference (P > 0.05). In ad-
dition, GLUT-1 and HIF-1« protein was strongly stained in LoVo
tumor-bearing tissues compared with HT29 and HCT116 tumor tis-
sues. GLUT-1, but not HIF-1« protein, was stronger in HT29 cells
compared to HCT116 cells (P < 0.01).

I8E_EMISO quantitative parameter of SUVmax ratio can be used to
distinguish the metastatic ability of different CRC cells in vivo

Our results show that liver metastases lesions larger than
0.5cm could be detected by 8F-FMISO-based micro-PET (Fig. 5)
since the lesions contours were significantly clearer compared to
lesions with contours less than 0.5cm. SUVmax ratio of tumor-
bearing tissues was higher than that of liver metastases tissues
(LoVo: 197 £ 0.15 vs. 1.74 £+ 0.15, P < 0.05; HT29: 1.72 + 0.12
vs. 1.61 + 0.18, P < 0.05; HCT116: 155 + 0.09 vs. 1.38 + 0.07,
P < 0.05). On the other hand, SUVmax ratio of 8F-FMISO both
in LoVo-CRLM tumors and LoVo-tumor-bearing were significantly
higher compared to HT29 and HCT116 (P < 0.001, Table 1).
These results suggested that '8F-FMISO quantitative parameter of
SUVmax ratio could be used to distinguish the liver metastatic
biological behavior of CRC in mice.

Correlation analysis

BE_FMISO SUVmax ratio is significantly correlated with the
protein expressions tumor biomarkers in vivo (HIF-1«, r=0.8145,
P=0.0075; GLUT-1, r=0.8252, P=0.0062) and number of liver
metastases larger than 0.5cm (r=0.6408, P=0.0013, Fig. 6).

Discussion

CRC is the third most common cancer diagnosed in both men
and women. Approximately, 25% patients have synchronous col-
orectal liver metastases at the time of initial presentation and 50%
patients develop metachronous liver metastases within 3 years af-
ter the primary lesion resection [23,24]. Liver metastasis remains
a leading cause of CRC-related mortality. Kim and colleagues have
shown that the genetic intra-tumor heterogeneity is prevalent in
CRC serving as a potential driving force to generate metastasis-
initiating clones [25]. In addition, inter-tumor heterogeneity may
be relevant for tumor progression, metastasis, prognosis and treat-
ment selection [26,27]. Therefore, a better comprehension of the
CRC metastasis-associated biological behavior using an imaging

Table 1
Comparison of F-FMISO SUVmax ratio between LoVo, HT29 and HCT116 mice models.
Cell lines
Variables P value
LoVo HT29 HCT116
No. (CRLM tumor size > 0.5cm) 19 12 4
CRLM models SUVmax ratio 1.74 £ 0.15 1.61 + 0.18 1.38 £ 0.07 < 0.001
No. (tumor-bearing) 6 6 6
Bearing-tumor models SUVmax ratio 197 £ 0.15 172 £ 0.12 1.55 + 0.09 < 0.001

18F-FMISO: '8F-fluoromisonidazole; SUVmax: maximum standardized uptake value; CRLM: colorectal liver metastasis.
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Fig. 3. In vitro cellular '8F-FMISO uptake analysis of CRC cell lines. A: Time courses of in vitro cellular uptake of '8F-FMISO in LoVo, HT29 and HCT116 cells. B: The quantitative
histogram of 8F-FMISO cellular uptake. Cells were incubated with 8F-FMISO for 30, 60, 120, and 240 min, respectively. The percentage of the injected dose (%ID) of 8F-FMISO
per 5x 10° cells. Data are expressed as the mean + standard deviation, * P < 0.01; ** P < 0.001.

biomarker is crucial for early detection of liver metastases and for
selection of individualized treatment in CRC patients.

Biological behavioral differences in CRC tumor cells lead
to altered microenvironments. Hypoxia micro-environmental fac-
tor is a dynamic process across the progression of the tu-
mor associated with angiogenesis, tumor vascularization, invasion,
metastasis and drug resistance in CRC [8,28]. Nuclear imaging
techniques of PET could quantify tissue uptake of tracer such as
I8E_FMISO and non-invasively reveal the hypoxic region location
of the tumor. Two hours after radiotracer injection, 8F-FMISO up-
take in a solid tumor reflects the degree of hypoxia and hence the
changes affecting the malignant biological behavior [11,29]. In this
study, we firstly compared the migratory capability between three
lines of CRC cells (LoVo, HT29 and HCT116) using wound heal-
ing assay. The obtained results confirmed that LoVo cells exhib-
ited a stronger migratory capability followed by HT29 and HCT116.
The incidence of liver metastasis in LoVo-CRLM mice was higher
compared to those of HT29 and HCT116 CRLM mice. In addi-
tion, the median survival time in LoVo CRLM mice was 1.5 weeks
shorter than HT29 CRLM mice and 3.5 weeks shorter than HCT116
CRLM mice. The difference in cell migration, tumor metastasis, and
survival time in CRLM mice demonstrated the diversity of
biological behavior among CRC cell lines or tumors.

We selected '8F-FMISO tracer as the PET marker for hypoxia
detection and used its image data to quantify the tumor biological
difference in CRLM and CRC tumor-bearing mice. For F-FMISO in
vitro cellular uptake, LoVo, HT29 and HCT116 cells appeared to be
time-dependent in a hypoxia-induced environment that allowed
us to further establish a basis for detection of diversity in biolog-
ical behaviors by PET in vivo. In order to better reflect the tumor
spatial information related to CRC mice, we decided to conduct
PET imaging 4 h after 8F-FMISO injection, which was the time of
highest uptake value in vitro. For CRLM mice images, the location
information of liver metastases corresponded with anatomical
position; however it was not possible to evaluate the hypoxia level
in different CRLM mice subjectively and hence it was necessary
to measure the SUVmax value of ROI for quantification of tumor
biological behavior. The obtained results showed that 3F-FMISO
SUVmax ratio can be used to distinguish the differences in biologi-
cal behavior between LoVo, HT29 and HCT116 CRLM mice. In order

to avoid the detection limitation caused by small tumor volume,
we established tumor-bearing mice for accurate quantification of
image data. Our results showed that tumor-bearing PET images
were more precise in displaying the distribution of hypoxic regions
in tumor tissues, which allowed for subjective preliminary analysis
of the activity levels of tumor tissues. The overall SUVmax ratio of
I8F_FMISO in tumor-bearing tissues were higher than CRLM ones;
in addition, LoVo-tumor-bearing tissue had the highest SUVmax
ratio, followed by HT29 and HCT116. The results of this experiment
confirmed that 8F-FMISO could be used to discriminate LoVo,
HT29 and HCT116 cells and corresponding mice models. The high
uptake in LoVo cells and tissues can be interpreted as the uptake of
I8F_FMISO in tumor cells representing tumor hypoxia levels, which
in turn are related to the malignant biological behavior [14,30].
HIF-1a, a hypoxia-related protein, and GLUT-1, a HIF-1a-
inducible protein in malignant tumor, are both associated with
tumor progression and metastasis [31,32]. Estrella et al. [33] have
shown that tumor cells with high glucose metabolism rates
promote local invasive growth and metastasis due to the acidic
pH environment. In addition, the immunohistochemical results
have shown that high expression of GLUT-1 is localized to tumor
cells in invasive regions. In our experiment, a stronger staining
of HIF-1o and GLUT-1 were observed in LoVo cells and tissues
compared to HT29 and HCT116 ones. This could be because the
tumor is composed of heterogeneous components and the biology
markers are heterogeneously expressed [31]. LoVo cells, which are
derived from colorectal adenocarcinoma metastasis lesion have
malignant biological character, and according to our correlation
analysis, 8F-FMISO SUVmax ratio in CRLM mice was significantly
correlated with the liver metastases larger than 0.5 cm (r=0.6408,
P=0.0013). As previously stated, hypoxia creates a nurturing en-
vironment for tumor progression and the evolution of metastatic,
and malignant tumor with high metastases potential would
promoted 8F-FMISO uptake [14,32]. Similar results were reported
by a meta-analysis of PET studies which has demonstrated a com-
mon tendency towards poorer outcome in tumors showing higher
hypoxia tracer accumulation [34]. The present study also re-
ported a correlation between 8F-FMISO SUVmax ratio and HIF-1a
or GLUT-1 expression in tumor-bearing tissues. This finding
suggested that '8F-FMISO SUVmax ratio might be used to
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Fig. 6. Correlation analysis. A and B: A significant correlation was found between 8F-FMISO SUVmax ratio and GLUT-1 and HIF-1a expression in vivo. C: A significant
correlation was found between ®F-FMISO SUVmax ratio and liver metastases number with the size larger than 0.5 cm.

distinguish protein expression heterogeneities in proteomics
levels between tumors. However, only three CRC cell lines were
not enough to represent the overall CRC. We plan to increase
the variety of CRC cell lines in future experiments in order to
comprehensively analyze the differences in biological character-
istics in various CRC cell lines. In addition, CRC patients with or
without liver metastases should be included in future trials to
assess the clinical value of '8F-FMISO PET quantitative parameter
in predicting liver metastatic potential of CRC patients.

In conclusion, '8F-FMISO parameter of SUVmax ratio may
provide useful tumor biological information in mice with CRLM
thus allowing for better prediction of CRLM and yielding useful
radioactive markers for predicting liver metastatic potential in CRC.
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