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The biologic mechanisms involved in the intratumoral heteroge-
neous distribution of 18F-FDG have not been fully investigated.
To clarify factors inducing heterogeneous 18F-FDG distribution,
we determined the intratumoral distribution of 18F-FDG by au-
toradiography (ARG) and compared it with the regional expres-
sion levels of glucose transporters Glut-1 and Glut-3 and hex-
okinase-II (HK-II) in a rat model of malignant tumor. Methods:
Rats were inoculated with allogenic hepatoma cells (KDH-8) into
the left calf muscle (n � 7). Tumor tissues were excised 1 h after
the intravenous injection of 18F-FDG and sectioned to obtain 2
adjacent slices for ARG and histochemical studies. The regions
of interest (ROIs) were placed on ARG images to cover mainly
the central (CT) and peripheral (PT) regions of viable tumor
tissues and necrotic/apoptotic (NA) regions. The radioactivity in
each ROI was analyzed quantitatively using a computerized
imaging analysis system. The expression levels of Glut-1,
Glut-3, and HK-II were determined by immunostaining and
semiquantitative evaluation. The hypoxia-inducible factor 1�
(HIF-1�) was also immunostained. Results: ARG images
showed that intratumoral 18F-FDG distribution was heteroge-
neous. The accumulation of 18F-FDG in the CT region was the
highest, which was 1.6 and 2.3 times higher than those in the PT
and NA regions, respectively (P � 0.001). The expression levels
of Glut-1, Glut-3, and HK-II were markedly higher in the CT
region (P � 0.001) compared with those in the PT region. The
intratumoral distribution of 18F-FDG significantly correlated with
the expression levels of Glut-1, Glut-3, and HK-II (r � 0.923, P �
0.001 for Glut-1; r � 0.829, P � 0.001 for Glut-3; and r � 0.764,
P � 0.01 for HK-II). The positive staining of HIF-1� was ob-
served in the CT region. Conclusion: These results demon-
strate that intratumoral 18F-FDG distribution corresponds well to
the expression levels of Glut-1, Glut-3, and HK-II. The elevated
expression levels of Glut-1, Glut-3, and HK-II, induced by hyp-

oxia (HIF-1�), may be contributing factors to the higher 18F-FDG
accumulation in the CT region.

Key Words: 18F-FDG; glucose transporters; hexokinase; heter-
ogeneity; tumor

J Nucl Med 2005; 46:675–682

PET using 18F-FDG has been widely used not only for
detecting and staging malignant tumors but also for moni-
toring therapy response and for differentiating malignant
lesions from benign lesions (1–4). These applications are
based on the increased 18F-FDG uptake due to enhanced
glucose utilization in most tumors. The increased 18F-FDG
accumulation in malignant tumors is associated with the rate
of transport across the cell membrane, the activity of hex-
okinase, and the rate of dephosphorylation in the tissue
(5,6). The transport of 18F-FDG across cell membranes is
mediated by �5 structurally related proteins (constituting a
family of glucose transporters, Glut-1 to Glut-5) (7,8). Sig-
nificantly elevated expression levels of Glut-1 and Glut-3
are considered to be a factor contributing to the accumula-
tion of 18F-FDG in malignant tumors (9–13). It has also
been suggested that the activity level of hexokinase-II (HK-
II) contributes to 18F-FDG accumulation in various malig-
nant tumors (14). These studies, however, used PET or
tissue-counting techniques and correlated average 18F-FDG
accumulation in the tumor with protein expression.

It is well known that various components, including non-
malignant components, are involved in most solid tumors
(15–17). Tumor tissues also show intratumoral heterogene-
ity in their various properties, which may originate from the
diverse phenotypic properties of tumor cells or may be
induced by their metabolic microenvironment (18–20). In
this regard, intratumoral heterogeneity in 18F-FDG distribu-
tion has been well demonstrated by autoradiography (ARG)
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(15). However, there have been few reports regarding the
biologic mechanisms involved in the intratumoral heteroge-
neous distribution of 18F-FDG. The relationships between
the intratumoral distribution of 18F-FDG and the regional
expression of glucose transporters or hexokinases remain to
be investigated. Such data should be helpful in understand-
ing the mechanism of 18F-FDG uptake in malignant tumors
and should provide the biologic basis for diagnosing, stag-
ing, and prognosticating malignant tumors and monitoring
therapy response by 18F-FDG PET.

To clarify factors inducing heterogeneous 18F-FDG dis-
tribution, we determined in this study the intratumoral dis-
tribution of 18F-FDG by ARG and compared it with the
regional expression levels of Glut-1, Glut-3, and HK-II in a
rat model of malignant tumor.

MATERIALS AND METHODS

Animal Studies
The experimental protocol was completely approved by the

Laboratory Animal Care and Use Committee of Hokkaido Uni-
versity. Male Wistar King Aptekman/hok (WKAH) rats, weighing
203–268 g, were inoculated with a suspension of allogenic hepa-
toma cells (KDH-8, 1 � 106 cells per rat) into the left calf muscle.
Two weeks after the tumor inoculation, when the tumors were 2–3
cm in diameter, the rats were fasted overnight (n � 7) (21). Each
rat was anesthetized with pentobarbital (50 mg/kg body weight,
intraperitoneally) and was injected in the tail vein with 37 MBq of
18F-FDG synthesized as previously described (22). Sixty minutes
after the 18F-FDG injection, the animals were sacrificed and the
tumors were quickly excised. Each tumor tissue was then sectioned
at 2- to 3-mm thickness to obtain 2 adjacent slices. One of the 2
slices was embedded in Tissue-Tek medium (Sakura Finetechnical
Co., Ltd.) and frozen in isopentane/dry ice for ARG studies.
Formalin-fixed, paraffin-embedded specimens were prepared using
the other slice for subsequent histochemical studies (23).

ARG Studies
The frozen samples were cut into 20-�m sections with a

CM3050-Cryostat (Leica) at �20°C. The tumor sections were
placed in a phosphor image plate cassette, together with a set of
calibrated standards (17), and an overnight ARG exposure was
used to detect the distribution of 18F-FDG. The tumor sections (10
�m) adjacent to those used for the ARG studies were stained with
hematoxylin and eosin (HE) for use as the reference to determine
the regions of interest (ROIs) on the autoradiograms.

The ARG images were analyzed using a computerized imaging
analysis system (BAS 5000 Bio-Imaging Analyzer; Fuji Photo
Film Co., Ltd.). The resolution of ARG of the BAS 5000 is 100
�m. To quantitatively evaluate the distribution of 18F-FDG radio-
activity, 32 ROIs (0.36 mm2) were determined on each ARG
image. ROIs were placed to cover mainly the central (CT; n � 8)
and peripheral (PT; n � 8) regions of the viable tumor tissues,
necrotic/apoptotic (NA; n � 8) regions, and the surrounding mus-
cle (SM; n � 8), by referring to the sections stained with HE (Fig.
1); each ROI was selected microscopically by a pathologist and
identified by its predominant histologic characteristic as a region
of the viable tumor cells and necrotic/apoptotic cells in the CT and
PT regions on the HE section. Large necrotic regions occasionally

observed in the center of the tumors were excluded from the
evaluation. To avoid any bias, these ROIs were determined in a
blind manner for ARG images and immunologic staining (Gluts
and HK-II). The ROIs placed on HE images were transferred to
ARG images by using computer software (MCID-M2 Image An-
alyzer; Imaging Research Inc.). Briefly, coordinates were set on
both HE and ARG images, the coordinates of each ROI on the HE
images was determined, and then each ROI was transferred to the
same coordinates of the corresponding ARG images. The radio-
activity in each ROI was shown by photostimulated luminescence
per unit area, PSL/mm2 (PSL � a.D.t: a � constant; D � radio-
activity exposed on imaging plate; t � exposed time); then each
count of PSL/mm2 from a tumor section was recorded and used to
calculate the mean counts per mm2 and converted to the percentage
injected dose per gram (%ID/g) of tissue by using activity of the
standards, with the assumption that tissue density is 1 g/cm3

(17,24). The mean radioactivities of the 8 ROIs determined for the
CT, PT, NA regions, and SM, respectively, were used to evaluate
the 18F-FDG accumulation in the tissues.

Histochemical Studies
The expression of Glut-1, Glut-3, and HK-II was studied in the

sections of a formalin-fixed, paraffin-embedded tumor according
to a standard immunostaining procedure (10,25). Briefly, after
deparaffization and rehydration, endogenous peroxidase activity
was blocked for 10 min in methanol containing 3% hydrogen
peroxide. Thereafter, endogenous nonspecific antigens were
blocked in 10% normal goat albumin (HISTOFINE SAB-PO kit;
Nichirei) for 10 min at 37°C and then incubated with an anti-
Glut-1, anti-Glut-3, or antihexokinase II antibody (Chemicon In-
ternational Inc.) for 30 min at 37°C. The bound antibody was
visualized using the avidin/biotin conjugate immunoperoxidase
procedure (ABC) with the HISTOFINE SAB-PO kit and 3,3�-
diaminobenzidine tetrahydrochloride. Tumor sections adjacent to
those used for these histochemical studies were also stained with
anti-HIF-1� (mouse antihypoxia-inducible factor 1� monoclonal
IgG 2b, clone H1�67; Novus Biologicals) using the method of
Zhong et al. (26) with slight modification. Briefly, after deparaf-
finization and rehydration, the slides were initially immersed in a
target retrieval solution (10 mmol/L ethylenediaminetetraacetic
acid, pH 8.0) and heated in a microwave oven (500 W) for 20 min.

FIGURE 1. ROIs were placed on ARG image, to cover mainly
central (CT) and peripheral (PT) regions of viable tumor tissues
and necrotic/apoptotic (NA) regions, with reference to corre-
sponding sections stained with HE. SM � surrounding muscle.
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After the antigen retrieval, endogenous peroxidase activity was
blocked for 5 min in methanol containing 3% hydrogen peroxide.
Thereafter, endogenous nonspecific antigens were blocked in 10%
hog albumin (Cosmo Bio., Ltd.) for 10 min and then incubated
overnight with the primary antibody at 4°C. Finally, the bound
antibody was visualized using the ABC procedure with the HIST-
OFINE MAX-PO (M) kit (Nichirei) and 3,3�-diaminobenzidine
tetrahydrochloride. Tumor sections adjacent to those used for the
immunostaining were stained with HE.

For immunohistochemical grading, ROIs placed on the HE-
stained sections were transferred to immunologically stained sec-
tions as described. The intensity of staining and the percentage of
positively stained cells in the CT (n � 8) and PT (n � 8) regions
of the viable tumor tissues were evaluated microscopically. The
intensity of staining (intensity) was graded from 0 to 3 (0 � not
stained, 1 � equivocal, 2 � intense, and 3 � very intense)
according to the criteria of Higashi et al. (27). Moreover, the
percentage of positively stained cells (% positive) was classified
from 1 to 5 (1 � 0%–20%, 2 � 20%–40%, 3 � 40%–60%, 4 �
60%–80%, and 5 � 80%–100%). The expression levels of Gluts
and HK-II were assessed semiquantitatively using the product of
these scores (intensity � % positive) (28). In HIF-1� staining,
cells with completely and darkly stained nuclei were regarded as
positively stained cells (29).

Statistical Analysis
All values are expressed as mean � SD. One-way ANOVA and

the Bonferroni post hoc test were used to assess the significance of
differences due to the intratumoral distribution of 18F-FDG. To
evaluate the significance of differences in the expression levels of
Glut-1, Glut-3, and HK-II (intensity � % positive) between the CT
and PT regions, an unpaired Student t test was performed. Simple
regression analysis was used to compare the intratumoral 18F-FDG
distribution and the expression levels of Glut-1, Glut-3, and HK-II.
A 2-tailed P value � 0.05 was considered significant.

RESULTS

Intratumoral Distribution of 18F-FDG
Figure 2A shows the representative autoradiogram of

18F-FDG distribution in the tumor. The ARG images
showed heterogeneous 18F-FDG distribution with a rela-
tively higher 18F-FDG accumulation level in the CT regions
of viable tumor tissues.

Results from the quantitative evaluation of 18F-FDG
distribution are summarized in Figure 2B. The accumu-
lation of 18F-FDG in the CT region was the highest
(4.43 � 0.50 %ID/g), which was 1.6 and 2.3 times higher
than those in the PT region (2.85 � 0.22 %ID/g) and the
NA region (1.94 � 0.10 %ID/g), respectively (P �
0.001). The accumulation of 18F-FDG in the PT region
was 1.5 times and was significantly higher than that in the
NA region (P � 0.001). The distribution of 18F-FDG in
the SM (0.18 � 0.01 %ID/g) was lower than those in any
other ROIs determined in the tumor tissues (CT, PT, and
NA).

Immunohistochemical Staining
The typical immunostaining of Glut-1, Glut-3, and HK-II

in the CT and PT region is shown in Figure 3. The intensity
and extent of staining of Glut-1, Glut-3, and HK-II were
markedly higher in the CT region than those in the PT
region.

The results of immunohistochemical grading are summa-
rized in Figure 4. The histochemical grading scores for
Glut-1 and Glut-3 were significantly higher in the CT region
(11.34 � 1.78 for Glut-1 and 6.02 � 1.83 for Glut-3) than
those in the PT region (4.23 � 0.85 for Glut-1 and 2.29 �
0.62 for Glut-3; P � 0.001 for both). The histochemical
grading score for HK-II was also significantly higher in the

FIGURE 2. (A) Representative autoradiograph of 18F-FDG distribution. ARG image shows intratumoral heterogeneous 18F-FDG
distribution. (B) Quantitative evaluation of intratumoral 18F-FDG distribution. 18F-FDG accumulation level in CT region was highest,
which was 1.6 and 2.3 times higher than those in PT and NA regions, respectively (P � 0.001).
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CT region (4.25 � 0.98) compared with that in the PT
region (2.00 � 0.28; P � 0.001). The positive staining of
HIF-1� was clearly observed in the CT region (Fig. 5) but
not in the PT region.

Relationships Between 18F-FDG Accumulation and
Expression Levels of Gluts and HK-II

The accumulation of 18F-FDG and the expression levels
of Glut-1, Glut-3, and HK-II were significantly higher in the
CT region than those in the PT region (Figs. 2 and 4). Figure
6 shows scattergrams of histochemical grading scores and
18F-FDG accumulation. Intratumoral 18F-FDG accumulation
significantly correlated with the expression levels of Glut-1,
Glut-3, and HK-II: r � 0.923, P � 0.001 for Glut-1; r �

0.829, P � 0.001 for Glut-3; and r � 0.764, P � 0.01 for
HK-II.

DISCUSSION

In this study, a relatively higher 18F-FDG accumulation
was observed in the CT regions, with elevated expression
levels of Glut-1, Glut-3, and HK-II. Positive staining of
HIF-1� was observed in these regions. Intratumoral 18F-
FDG distribution significantly correlated with the expres-
sion levels of Glut-1, Glut-3, and HK-II. Consequently, the
regional expression levels of Glut-1, Glut-3, and HK-II may
increase in a hypoxic environment within tumor tissues and
may contribute to heterogeneous 18F-FDG distribution in
the tumor tissues.

FIGURE 3. Staining with anti-Glut-1 (A and D), anti-Glut-3 (B and E), and anti-HK-II (C and F) antibodies in CT region (top) was
more prominent than those in PT region (bottom) in KDH-8 tumor tissues, respectively (�400).

FIGURE 4. Expression levels of Glut-1, Glut-3, and HK-II were
assessed by semiquantitative immunohistochemical grading
performed by calculating the product of these scores (inten-
sity � % positive). Histochemical scores of Glut-1, Glut-3, and
HK-II were significantly higher in CT region than those in PT
region (P � 0.001).

FIGURE 5. Positive staining of HIF-1� was clearly observed in
CT region (�400).
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Although intratumoral heterogeneity in 18F-FDG distri-
bution has been demonstrated (15), there have been few
reports with regard to the biologic mechanisms involved in
the intratumoral heterogeneous distribution of 18F-FDG.
The present results showed a significant correlation between
the intratumoral distribution of 18F-FDG and the regional
expression level of Glut-1, which is consistent with the
results of syngeneic rat mammary cancer reported by Brown
et al. (30). In addition, our results demonstrated—to our
knowledge, for the first time—that intratumoral 18F-FDG
distribution significantly correlates with the regional expres-
sion levels of Glut-3 and HK-II. The heterogeneity in 18F-
FDG distribution may be ascribed to the altered expression
levels of Glut-1, Glut-3, and HK-II and may reflect a met-
abolic microenvironment of tumors.

Aggressive tumors often have insufficient blood sup-
ply. Hypoxia occurs in tissue that is 	100 –200 �m away

from a functional blood supply. When the tumors are
exposed to a hypoxic environment, HIF-1� is activated to
promote the transcription of several genes, including
glucose transporters and glycolytic enzymes (31). The
increased uptake of 3H-FDG in vitro by hypoxic tumor
cells has been well demonstrated (32). Recently, Dearling
et al. (33) have extended the previous in vitro work and
confirmed the selectivity of 18F-FDG for hypoxic regions
over normoxic regions in vivo. In the present study, a
relatively higher 18F-FDG accumulation was observed in
the CT region, with elevated expression levels of Glut-1,
Glut-3, and HK-II. The positive staining of HIF-1� was
observed in these regions. Taken altogether, the regional
expression levels of Glut-1, Glut-3, and HK-II may be
increased by HIF-1� in a hypoxic environment within the
tumor tissue and may contribute to the elevated 18F-FDG
accumulation.

FIGURE 6. Relationships between expression levels of Glut-1, Glut-3, and HK-II and intratumoral 18F-FDG accumulation in KDH-8
tumor tissues. Intratumoral 18F-FDG accumulation significantly correlated with expression levels of Glut-1, Glut-3, and HK-II
(intensity � % positive). (A) Relationship between 18F-FDG accumulation and histochemical grading score for Glut-1. (B) Relation-
ship between 18F-FDG accumulation and histochemical grading score for Glut-3. (C) Relationship between 18F-FDG accumulation
and histochemical grading score for HK-II. ▫, CT region; ‚, PT region.
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Several studies have focused on the expression of Gluts
and hexokinase activity to define the role of these proteins
in the regulation of 18F-FDG accumulation (34,35). Ele-
vated expression levels of Glut-1 and Glut-3 are considered
to be factors that contribute to the accumulation of 18F-FDG
in malignant tumors (9–13,23,28). It has also been sug-
gested that the activity level of HK-II contributes to 18F-
FDG accumulation in various malignant tumors (14). Chro-
matographic, polyclonal antibody, and amino acid analyses
indicated that rat hepatoma hexokinase is most closely
related to HK-II and suggests that mitochondrial hexokinase
activity determines the rate of accumulation of 18F-FDG in
tumors (36). These studies, however, used PET or tissue-
counting techniques and correlated average 18F-FDG accu-
mulation in the tumor with protein expression. The biologic
mechanisms involved in intratumoral heterogeneity in 18F-
FDG distribution have not been fully investigated. The
present results demonstrate that the expression levels of
Glut-1, Glut-3, and HK-II also contribute to intratumoral
heterogeneity in 18F-FDG distribution in our model rats, as
determined using an ARG technique. It is crucial to consider
the relative contributions of Glut-1, Glut-3, and HK-II to
intratumoral 18F-FDG accumulation. Unfortunately, we
could not determine the relative contributions of these pro-
teins, mainly due to the limited number of samples used in
this study. Further studies are required to clarify the respec-
tive contributions of glucose transporters and hexokinase to
intratumoral heterogeneity in 18F-FDG accumulation.

Intratumoral 18F-FDG distribution has been described at
the cellular level by several investigators (15–20). Kubota et
al. showed that 18F-FDG preferentially accumulates in mac-
rophages and young granulation tissues surrounding ne-
crotic foci rather than in tumor cells using a malignant
tumor mouse model (15). In contrast, Brown et al. (17)
observed relatively less 3H-FDG accumulation in necrotic/
inflammatory infiltration compared with that in the tumor
cells. Our results in rats confirmed intratumoral heteroge-
neity in 18F-FDG distribution. The 18F-FDG accumulation in
the CT regions was 1.6 and 2.3 times higher than those in
the PT and NA regions, respectively. Our results are con-
sistent with the results reported by Brown et al.

In this study, the regions of viable tumor tissues and NA
regions in ARG were identified using the HE-stained sec-
tions as reference. Apoptosis was most reliably assayed by
morphologic counts using HE staining. Since there are some
apoptotic cancer cells interwoven in necrotic regions and it
was difficult to clearly distinguish apoptotic cells from
necrotic cells in the present study, the term NA regions is
used. Viable tumor cells and necrotic/apoptotic cells were
also interwoven; thus, we used relatively small ROIs to
clearly divide the regions between the viable tumor cells
and necrotic/apoptotic cells. The larger ROIs appeared to
cover both of the viable tumor cells and necrotic/apoptotic
cells. Brown et al. (17) also used such ROI analysis to
evaluate intratumoral distribution of 18F-FDG. On the other

hand, because necrotic cells revealed cell injuries in mor-
phology—such as the cell membrane appearing ruptured,
the nuclear chromatin being markedly condensed or pyk-
notic, vesicular structures filling the cytoplasm, and fusion
of organelles (37)—the immunohistochemical staining of
Glut-1, Glut-3, and HK-II cannot reflect the antigenicity of
cells. Therefore, the expression levels of Glut-1, Glut-3, and
HK-II were not investigated by immunostaining and semi-
quantitative evaluation in the NA regions. The slices im-
munohistochemically stained for Glut-1, Glut-3, and HK-II
were from the formalin-fixed, paraffin-embedded speci-
mens, but those used in ARG imaging to determine regional
18F-FDG distribution were from the frozen samples. Thus,
selected areas in the immunohistochemical staining for
Glut-1, Glut-3, and HK-II of the CT, PT, and NA regions
were not exactly congruent with those for determining re-
gional 18F-FDG distribution on ARG imaging, although
both formalin-fixed, paraffin-embedded specimens and fro-
zen samples were adjacent. It is important to note that
expression of Glut-1, Glut-3, and hexokinase II (as deter-
mined in this study) does not generally imply increased
functional activity. Several studies have demonstrated that
hexokinase bound to the mitochondrial membrane has a
much higher catalytic activity than cytosolic hexokinase.
Aloj et al. (14) have also indicated that 18F-FDG uptake
correlates better with 18F-FDG phosphorylating activity of
mitochondrial preparations than with the level of expression
of the Glut-1 or hexokinase I or II genes. The excellent
correlation between HK-II expression and 18F-FDG uptake
observed in the present study may not be representative for
other tumor models.

In our study, ARG imaging was performed 1 h after
18F-FDG injection. The 1-h time point is widely used also in
rodent models, and no significant differences in the 18F-
FDG uptake were observed in the mouse tumor tissues
between 1 and 2 h after 18F-FDG injection (33). However,
further studies at more than one time point are needed to
give an indication of the time course of 18F-FDG uptake and
to compare with the present results in rodent-bearing xeno-
grafts.

18F-FDG PET has become increasingly important not
only for detecting and staging malignant tumors but also for
monitoring therapy response and for differentiating malig-
nant lesions from benign lesions (1–4). However, variable
tumor accumulation of 18F-FDG has been indicated to pre-
vent accurate diagnosis by 18F-FDG PET (38,39). Intratu-
moral heterogeneity in 18F-FDG distribution may also affect
such diagnostic accuracy. The present study provides a
biologic basis of intratumoral heterogeneity in 18F-FDG
distribution, which leads to better understanding of the
mechanism of 18F-FDG accumulation in tumors and con-
tributes to the accurate diagnosis of patients with malignant
tumors by 18F-FDG PET. On the other hand, recent ad-
vances in radiation therapy such as intensity-modulated
radiation therapy have exploited new areas for the use of
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18F-FDG PET (40). Regions of high 18F-FDG uptake can be
treated with a higher radiation dose compared with a hypo-
metabolic portion of the same mass. In addition, glucose
transporters (Glut-1 and Glut-3) and glycolytic enzymes
(for example, hexokinase) are promoted by activated
HIF-1� (31). The present study showed an excellent corre-
lation between regional 18F-FDG uptake and the expression
of facilitative glucose transporters (Glut-1 and Glut-3) and
HK-II. Furthermore, this study found that 18F-FDG uptake
was more intense in tumor regions that express HIF-1�.
Recent clinical data indicate that hypoxic tumors are known
to be more malignant, to be more likely to metastasize, and
to have a poor prognosis. HIF-1� is considered to be a key
factor for tumor progression by upregulating genes involved
in angiogenesis, cell survival, cell invasion, and resistance
to drug therapy and radiotherapy. Thus, the findings of this
study suggest that tumor areas with high 18F-FDG uptake
may represent biologically more aggressive cancer cells.
This has important consequences for the use of 18F-FDG
PET for treatment planning—particularly, intensity-modu-
lated radiation therapy. 18F-FDG PET could help to identify
regions for dose-escalation protocols. We believe that our
data also provide useful information in a precision radiation
therapy protocol with modern radiotherapy modalities.

CONCLUSION

The colocalization of a high 18F-FDG level and Glut-1,
Glut-3, and HK-II overexpression in regions that are likely
to be subjected to hypoxia as well as the strong correlation
between the transporters and HK-II expression and 18F-FDG
accumulation suggest that enhanced transmembrane trans-
port and phosphorylation may be part of an adaptive mech-
anism triggered by changes in the metabolic microenviron-
ment of cancer cells. The regional expression levels of
Glut-1, Glut-3, and HK-II may increase in a hypoxic envi-
ronment within tumor tissues and may contribute to intra-
tumoral heterogeneous 18F-FDG distribution. The present
results lead to a better understanding of the mechanism of
18F-FDG accumulation in tumors, which may help in inter-
preting 18F-FDG accumulation in patients with malignant
tumors.
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