
Experimental Animals

Original

Moderate hyperglycemia suppresses melanoma 
metastasis to liver

Celine Swee May Khoo1), Tomohiro haTaKenaKa1), nahoko MaTSuKi1), Seiya Minagawa2), 
Kyoka aSaMi2), Takuya henMi1), akane MoriMoTo1) and Mikako SaiTo1,3)

1Department of Biotechnology and Life Science, Tokyo University of Agriculture and Technology, 2-24-16 Naka-cho, Koganei, 
Tokyo 184-8588, Japan

2Department of Industrial Technology and Innovation, Tokyo University of Agriculture and Technology, 2-24-16 Naka-cho, 
Koganei, Tokyo 184-8588, Japan

3Bioresource Laboratories, Tokyo University of Agriculture and Technology, 2-24-16 Naka-cho, Koganei, Tokyo 184-8588, 
Japan

Abstract: The metastasis of various cancers is promoted by hyperglycemia. In contrast, melanoma and colorectal 
cancer seemed to be exceptional. We confirmed that the metastasis of melanoma B16-F10 could be suppressed 
by hyperglycemia. It was attractive from the prognostic point of view of the prevention of metastasis, though the 
problem of the risk of diabetes remained. Then, the effect of moderate hyperglycemic condition was investigated 
using a pre-diabetic model mouse (GKKO mouse). The metastasis of B16-F10 cells to liver was focused and the 
number and volume of metastatic colonies in liver were analyzed. The medians of the number of metastatic colonies 
in GKKO mice were 0.57-fold (P=0.06) compared to control mice. Analysis of macrophage markers revealed 
upregulation of CD86, a tumor-suppressive M1-type marker, and downregulation of CD206, a tumor-promotive 
M2-type marker. A tendency of upregulation of Cxcl10, a pro-inflammatory cytokine was also observed. Regarding 
cellular activities of B16-F10, migration activity and invasion activity were reduced by moderate hyperglycemia. In 
conclusion, metastasis of B16-F10 cells to liver could be suppressed by moderate hyperglycemia without the risk 
of diabetes. This information should contribute to dietary planning during prognosis.
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Introduction

Cancer is one of the global leading causes of death, 
and even with advanced treatment such as surgery and 
chemotherapy, metastasis still holds a threat to the prog-
nosis of cancer patients. Melanoma is known to be prone 
to metastasis even in the early stages and to often recur 
and have a severe prognosis [1]. in addition, the inci-
dence in Japan is increasing rapidly at the age of 60 and 
over. Therefore, reducing the risk of melanoma metas-
tasis is an important issue in an aging society. Serious 
adverse effects might be caused by underlying diseases 
such as lifestyle-related diseases. here, we focused on 

diabetes as a lifestyle-related disease [2].
according to the Japan Diabetes Society (JDS) and 

the Japanese Cancer association (JCa) [3], diabetes was 
reported to increase the risk of various cancers by about 
0.84~2.5 fold. hyperglycemia, the main symptom of 
diabetes is associated with the increase of reactive oxy-
gen species and inflammatory markers [4], oxidative 
stress [5], and the increase of vascular permeability [6], 
which in all are reported to promote metastasis of pan-
creatic cancer [7, 8], lung adenocarcinoma [9], colorec-
tal cancer [10], breast cancer [11], and colon cancer [12].

on the other hand, in the cases of melanoma and 
colorectal cancer, the suppression of growth or metasta-
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sis was formerly reported [13, 14]. The growth of mela-
noma B16 in mice was retarded by hyperglycemia that 
was made by the administration of high concentrations 
of glucose or glucagon [13]. Similarly, the metastasis of 
colorectal cancer (CT 38, CT 26) in mice was suppressed 
by high-fat diet-induced hyperglycemia [14]. in contrast, 
the metastasis of colorectal cancer (CT 26) was pro-
moted by streptozotocin (STZ)-induced hyperglycemia 
[10]. The different outcomes observed in colorectal can-
cer might be due to the difference in the ways of making 
hyperglycemic conditions.

A possibility of metastasis suppression effect observed 
in melanoma and colorectal cancer was thought to be 
attractive from the prognostic point of view of prevention 
of cancer metastasis. Then, we applied a high-fat diet to 
make mice diabetic and confirmed that a remarkable 
effect of metastasis suppression was available with 
melanoma B16-F10 (unpublished data). however, a se-
rious problem remained that a high-fat diet increased the 
risk of diabetes. we, therefore, introduced a moderate 
hyperglycemic condition to prevent diabetes. This study 
aimed to examine whether melanoma metastasis could 
be suppressed even under such a condition.

To proceed with this study, a pre-diabetes model was 
essential. Pre-diabetes model mice are gene-modified 
mice developed by heterozygous knockout of glucoki-
nase (Gk) gene (GKKO mice) and show a deficiency in 
glucose-stimulated insulin secretion (gSiS) [15, 16]. 
gKKo mice stably exhibit moderate blood glucose lev-
els under normal diet conditions and appear to be dia-
betic once fed with a high-fat diet, though by adjusting 
the feeding period or reversing the feed type, blood 
glucose levels are reversible.

a melanoma cell line B16-F10 was applied to gKKo 
and control (wild) mice to analyze the occurrence of 
metastasis in the liver, a predominant target organ. The 
metastatic potential of melanoma cells was quantita-
tively analyzed according to the method described in 
previous studies [17, 18]. a possible role of macrophages 
in suppressing metastasis was investigated by analyzing 
the expression of macrophage markers such as F4/80, 
CD68 (pan-macrophage marker), CD86 (tumor-suppres-
sive M1-type macrophage marker), and CD206 (tumor-
promotive M2-type macrophage marker). The expression 
of TNFα and Cxcl10 was analyzed as well to find out 
any involvement of cytokines and chemokines.

Materials and Methods

Animals
gKKo mice were previously developed by systemic 

heterozygous knockout of glucokinase (Gk) and regis-

tered as B6; 129-Gcktm1Tms [15]. normal littermates of 
gKKo mice were used as the control wild-type mice 
(Wild mice). All mice were bred in a specific pathogen-
free room under conditions of 12 h illumination and 12 
h darkness each day. Mice were fed a solid diet (MF, 
oriental Yeast Co., Ltd., Tokyo, Japan) for 6–8 weeks 
from birth and used for cancer metastasis experiments. 
all animal experimental procedures were conducted ac-
cording to the guidelines of the ‘‘guide for the Care and 
use of the Laboratory animals’’ of Tokyo university of 
agriculture and Technology, Japan, and approved by the 
institutional animal Care and use Committee of Tokyo 
university of agriculture and Technology (iaCuC no. 
30-40, no. 30-128, and no. r03-54).

Cell culture
wild-type mouse melanoma cell line, B16-F10 cells 

were cultured in r10 medium (rPMi-1640 containing 
10% fetal bovine serum (Thermo Fisher Scientific, 
waltham, Ma, uSa) and 1% penicillin-streptomycin 
(Thermo Fisher Scientific)) maintained at 37°C under 
5% Co2.

Metastasis experiment
in this study, the target organ of metastasis was made 

only liver because of the following reasons. The liver 
had the highest number of metastatic colonies. The ex-
pected effect would be modest because the experimental 
condition was moderate hyperglycemia and not hyper-
glycemia. Whether the effect was suppressive or promo-
tive depends largely on the immune response activities 
of target organs. Therefore, it was better to focus on a 
specific organ to detect a modest effect clearly. Further-
more, it was presumed that glucose metabolism was 
greatly involved and therefore organs with active glucose 
metabolism would be better.

wild mice and gKKo mice were monitored for 4 w 
(Day −28~Day 0) and each mouse was challenged with 
PBS (250 µl) containing 2.5 × 105 cells of B16-F10 
through the tail vein at Day 0, and bred successively for 
2 w (Fig. 1aa). on Day 14, mice were euthanized, and 
livers were resected for metastatic analysis. Liver was 
cut into smaller lobes and photographed under a micro-
scope. The number of metastatic colonies was counted, 
and the volume of each colony was determined. a met-
astatic colony was approximated as a spheroid and its 
volume was estimated according to the following for-
mula [17, 18]: V=πab2/6, where a and b were the longest 
and shortest diameters, respectively measured using 
imageJ software. Colonies greater than 0.0004 mm3 were 
counted as metastatic colonies.
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Glucose tolerance test
Following an overnight fast, mice were orally admin-

istered with 2 g/kg body weight of glucose solution. 
Blood samples were drawn from the tail vein at 0, 15, 
30, 60, 90, 120, and 180 min, respectively. glucose con-
centration was measured with a g-sensor (arKraY 
inc., Kyoto, Japan). Tests were carried out at the start of 
the metastasis experiment (Day −28), after 4 weeks of 
CD feeding and just before melanoma introduction (Day 
0), and at the end of the experiment (Day 14), respec-
tively.

RNA isolation and quantitative RT-PCR
Livers for qrT-PCr analysis were resected from mice 

at Day 0 to investigate the effect of moderate hypergly-
cemia (Fig. 1ab). Total rna was isolated from liver 
tissue using iSogen ii (nippongene, Tokyo, Japan) 
according to the manufacturer’s instructions. The gene 
expression of TNFα, Cxcl10, F4/80, CD86, and CD206 
was quantified and normalized to that of GAPDH using 
SteponePlusTM real-Time PCr System (applied Bio-
systems, waltham, Ma, uSa). Primer sequences used 
are listed in Supplementary Table 1.

Western analysis
Protein samples were extracted from liver resected 

from mice at Day 0 (Fig. 1ab). Livers were washed with 
PBS and snap-frozen with liquid nitrogen immediately 
upon resection. Frozen samples were grinded and ho-
mogenized using RIPA buffer (25 mM Tris-HCl, 150 mM 
naCl, 1% nP-40, 1% sodium deoxycholate, 0.1% SDS, 
pH 7.6; Thermo Fisher Scientific). Samples were placed 
on ice for 30 min and sonicated (ur-20P; ToMY Sei-
Ko, Tokyo, Japan) for a few minutes. Samples were then 
centrifuged at 10,000×g at 4°C for 20 min and superna-
tants were collected as protein samples of liver tissues. 
The protein concentration was determined using a Ta-
Kara BCa Protein assay kit (Takara Bio inc., Kusatsu, 
Japan) according to manufacturer’s instructions.

a 100 µg protein solution was mixed with a 1/5 vol-
ume of 0.375 M Tris-HCl (pH 6.8) buffer solution con-
taining 93 µg/ml DTT, 0.12 g/ml SDS, 0.6 ml/ml glyc-
erol, and 0.6 ml/ml bromophenol blue. Then the solution 
was heated at 95°C for 5 min and applied to SDS-PAGE 
at 150 V. Protein was blotted onto a PVDF membrane at 
100 V for 3 h at 4°C. The PVDF membrane was then 
blocked in TBS-T (Tris-buffered saline (25 mM Tris, pH 
7.4, 150 mM naCl) containing 1 (v/v)% Tween 20) solu-
tion containing 5 (w/v)% skim milk at 25°C for 30 min. 
Then the PVDF membrane was probed with primary 
antibodies against mouse B7-2 (CD86) (1:500, sc-28347; 
Santa Cruz Biotechnology, Dallas, TX, uSa), and 

gaPDh (1:1,000, sc-32233; Santa Cruz Biotechnology) 
in a 5% skim milk TBS-T solution at 25°C for 3 h. The 
membrane was further incubated with secondary anti-
body (anti-mouse immunoglobulin conjugated to alka-
line phosphatase, Promega, Madison, wi, uSa) in TBS-
T at 25°C for 1 h. Finally, membranes were incubated 
with western Blue Stabilized Substrate (Promega) for 
alkaline phosphatase at 25°C for 10 min. Targeted pro-
tein bands were quantified in relative to GAPDH bands 
using imageJ software (https://imagej.nih.gov/ij).

Measurement of cell proliferation
B16-F10 cells were cultured in dishes (6 cmϕ) with 

r10 medium, initially containing 11 mM glucose con-
centration. Further, 2 M glucose solution was added to 
prepare r10 media containing glucose concentrations of 
33 mM and 55 mM, respectively. The initial cell den-
sity was 1.0 × 105 cells/dish and cultured at 37°C under 
5% Co2. Medium change was carried out at 48 h, and 
the culture was continued for another 48 h. Cells were 
collected at 48 h and 96 h by trypsin/eDTa treatment, 
and cells were counted.

Wound healing assay
Migration activity was investigated by wound healing 

assay. B16-F10 cells were cultured in r10 media con-
taining glucose concentrations of 11 mM, 33 mM, and 
55 mM, respectively, on a 12-well plate at 37°C under 
5% Co2. The initial cell density was 2.0 × 105 cells/well. 
Cells were cultured for 48 h to obtain 100% confluency. 
a uniform scratch was made down the center of each 
well using a sterile micropipette tip, and scraped cells 
were removed by washing with a phosphate-buffered 
solution (PBS). after adding r10 medium, the culture 
was continued for 24 h. The wound area of each well 
was measured at 0, 4, 6, 12, and 24 h, respectively, using 
imageJ software.

Transwell invasion assay
Transwell invasion assay was performed using 6.5 mm 

transwell inserts (Corning®, glendale, aZ, uSa) with 
8.0 µm pore polycarbonate membrane. inserts were 
treated beforehand with MatrigelTM Matrix Basement 
Membrane (BD Biosciences, Franklin Lakes, nJ, uSa) 
in coating buffer (250 µg/ml) and incubated for 2 h. B16-
F10 cells were cultured in serum-free media for 48 h and 
were collected by trypsin/eDTa treatment. Cells col-
lected were suspended in serum-free media containing 
glucose concentrations of 11 mM, 33 mM, and 55 mM. 
5.0 × 104 cells were seeded in the upper chamber of the 
insert and complete r10 media were added in the lower 
chamber. after 22 h of incubation, the leftover cells in 



C.S.M. KHOO, ET AL.

186 | doi: 10.1538/expanim.22-0078

the upper chamber were discarded using a cotton bud, 
and cells on the lower surface were fixed with 100% 
methanol and stained with hematoxylin and eosin solu-
tions. Ten random fields of each membrane were ob-
served and photographed under a microscope with 4× 
magnification. Cells were then analyzed and counted.

Statistical analysis
all data were given as mean ± SD or mean ± SeM as 

stated in each result figure. Outliers were determined by 
a Smirnov-grubbs test to be greater than 0.05 one-tailed 
probability. The statistical significance between two 
specific data groups was analyzed by paired two-tailed 
Student’s t test. results of in vivo metastasis experiments 
were expressed by boxplots and the statistical signifi-
cance between medians was analyzed by wilcox test 
using R (ver.4.1.1). The statistical significance level was 
denoted by a p-value or the following marks: ***: 
P<0.001, **: P<0.01, *: P<0.05, †: P<0.1, #: P<0.2. 
also, in the case of P>0.2, numerical values of P were 
shown up to about 0.3.

Results

In vivo test results of the effects of moderate 
hyperglycemia on the metastasis of B16-F10 cells 
to liver

The effects of hyperglycemia on the metastasis of 
melanoma were estimated by three in vivo tests for body 
weight, glucose tolerance, and metastatic colony forma-
tion. At first, the body weight change was measured to 
estimate the effect on the basic growth process. There 
was no abnormality in the weight gain process (Fig. 1B). 
The body weight gain speed of gKKo mice became 
slightly higher than that of wild mice, which was ob-
served after Day −7. This seemed to reflect a higher 
activity of glucose metabolism in gKKo mice than in 
wild mice. at Day 0, melanoma cells were introduced 
in mice but its effect on the weight gain speed was not 
observed.

next, the glucose tolerance test was conducted to 
confirm that hyperglycemic condition could be main-
tained stably in gKKo mice. The glucose tolerance was 
quantified from the area under the curve (AUC) of the 
glucose concentration profile (Fig. 1C). The AUC values 
of gKKo mice were greater than those of wild mice 
(Fig. 1D). auC values of both mice groups were stable 
throughout the test of metastasis from Day −28 to Day 
14.

Finally, the analysis of metastatic colonies was con-
ducted with resected livers (Fig. 1e). The number of 
metastatic colonies in wild mice group ranged from 128 

to 697 and its median was 419 (Fig. 1F). in contrast in 
gKKo mice group, the median of the number of colonies 
was 240. Similarly, the volume of metastatic colonies in 
GKKO mice group also decreased (Fig. 1G). The effect 
of moderate hyperglycemia on the number of metastatic 
colonies estimated from the relative values of the me-
dian was 0.61-fold suppression in statistical significance 
at P=0.06. Such a suppression effect of moderate hyper-
glycemia on the metastasis of melanoma was a new find-
ing.

Involvement of TNFα, Cxcl10, and macrophage 
markers

under hyperglycemic conditions, active glucose me-
tabolism is accompanied by an inflammatory response, 
which is presumed to affect metastasis. It is believed that 
the organ most affected by such effects is the liver. There-
fore, inflammation-dependent factors were analyzed with 
resected liver. The expression of TNFα and Cxcl10 in 
gKKo mice seemed to be slightly higher than that in 
Wild mice, but no statistical significance was obtained 
(Figs. 2a and B). This indicates that no severe inflam-
mation was formed in the liver under a moderate hyper-
glycemic condition. on the other hand, an outstanding 
result was obtained with macrophage markers. Pan-
macrophage markers such as F4/80 and CD68 showed 
an increasing tendency under a moderate hyperglycemic 
condition (Figs. 2C and D), suggesting immune cell ac-
tivation. Moreover, the expression of CD86 (a tumor-
suppressive M1-type macrophage marker) was upregu-
lated (Fig. 2e) but contrarily the expression of CD206 
(a tumor-promotive M2-type macrophage marker) was 
downregulated under a moderate hyperglycemic condi-
tion (Fig. 2F). These strongly suggest a functional role 
of macrophages in suppressing the metastasis of mela-
noma. The highest significance (P<0.01) was observed 
in the expression of the upregulation of CD86. Then the 
expression of CD86 protein was analyzed by western 
analysis and its increase under a moderate hyperglycemic 
condition was confirmed (Fig. 2G). This finding suggests 
that anti-tumor immunization was activated in gKKo 
mice.

In vitro test results of the effects of glucose 
conditions on the metastasis-associated properties 
of B16-F10 cells

Metastatic potential of B16-F10 cells was profoundly 
suppressed in gKKo mice liver and the suppression 
seems highly related to the increase in anti-tumor phe-
notype macrophages. however, the direct impact of the 
moderate hyperglycemic condition on melanoma itself 
has yet to be known. Therefore, the proliferation, migra-



HYPERGLYCEMIA SUPPRESSES METASTASIS

187|Exp. Anim. 2023; 72(2): 183–192

Fig. 1. Metastatic potential of B16-F10 cells in wild and gKKo mice. (a) Schedule of glucose tolerance tests (a) and 
liver resection for qrT-PCr (b). (red arrow), the tail intravenous injection of B16-F10 cells (syringe), and the 
resection of liver (blue arrow). (B) Body weight of mice. Body weight of mice were measured once per week 
throughout the metastasis experiment. (C) glucose concentration changes during glucose tolerance test con-
ducted at Day 0. red line: wild, green line: gKKo. Dotted area indicates the area under the curve (auC) for 
wild mice. (D) auC values obtained in (C) at Day-28, 0, and 14, respectively. Bars & lines: mean ± SeM for 
n=9 (wild), 6 (gKKo). (e) images of the liver with metastatic colonies of B16-F10. Scale bar: 5 mm. (F) The 
number of metastatic colonies per mouse. (g) The total volume of metastatic colonies per mouse. number of 
mice tested: n=9 (wild), 6 (gKKo).
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tion, and invasion activities of B16-F10 cells were in-
vestigated at glucose concentrations of 11 mM (a normal 
condition), 33 mM (a moderate hyperglycemic condi-
tion), and 55 mM (a hyperglycemic condition), respec-
tively.

a high value of proliferation means that cancer cells 
grow rapidly at the metastasized spot. at 11 mM, the 
number of cells was initially 1.0 × 105 cells/dish and 
increased to 29.8 × 105 cells/dish at 96 h (Fig. 3a). at 
higher concentrations, the number of cells became 

Fig. 2. Effects of moderate hyperglycemia on the expression of TNFα, Cxcl10, and macrophage markers 
in the liver. (a) TNFα expression. (B) Cxcl10 expression. (C–F) macrophage markers. every gene 
expression intensity was normalized to that of GAPDH. Bars are mean ± SeM, n=3 (TNFα), n=6 
(Cxcl10, F4/80, CD68, CD86, CD206). (g) Protein band of CD86 and gaPDh of wild and gKKo 
mice liver samples (a) and their intensity profiles analyzed using ImageJ (b). Blue dotted line: Wild, 
red dotted line: gKKo.
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greater. Therefore, cell proliferation was promoted by 
high glucose.

high migration activity means that cancer cells are 
active in free space and was investigated by wound heal-
ing assay. The width of the wound was initially about 
800 µm. During culture, the cells migrated from both 
edges of the wound, and the wound width became nar-
rower accordingly (Fig. 3B). The ratio of the wound area 
at each time point to the initial wound area was defined 
as migration activity, indicating that the smaller the ratio, 
the higher the migration activity. The migration rate at 
11 mM was 45%/24 h (wound area=0.55), while it de-
creased to 35%/24 h (wound area=0.65) and 28%/24h 
(wound area=0.72) at 33 mM and 55 mM, respectively 
(Fig. 3C). Therefore, the cell migration was suppressed 
by high glucose.

high invasion activity means that the movement of 
cancer cells to push through intercellular space is active 
and was investigated by Transwell invasion assay. B16-

F10 cells were cultured in a serum-free medium contain-
ing 11 mM, 33 mM, or 55 mM glucose in the upper 
chamber of Transwell insert. The initial number of cells 
cultured was 5.0 × 104 cells/insert. The number of cells 
which passed through the Matrigel-coated membrane at 
11 mM was 1.5 × 103. in contrast, the cell number de-
creased to 0.5 × 103 cells at higher glucose concentra-
tions (Fig. 3D). Therefore, the invasion activity of B16-
F10 cells was markedly suppressed by high glucose.

in summary, the results of migration and invasion 
activities pre-estimated the metastasis suppression by 
moderate hyperglycemia. These properties of B16-F10 
clearly contrasted those of other cancers.

Discussion

in the studies that have been conducted so far to in-
vestigate the relationship between diabetes and cancer 
metastasis, there seems to have been no idea that diabe-

Fig. 3. Effects of glucose concentrations on the metastasis-associated in vitro properties of B16-F10 cells. (a) Cell 
proliferation. Bars are mean ± SD, for n=3. (B) Microscopic images of wound areas in the migration assay. 
Scale bar: 200 µm. (C) Cell migration activity. Bars are mean ± SD, for n=4. (D) Cell invasion activity. 
Bars are mean ± SD, for n=3.
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tes must be suppressed. however, in the prognostic life 
of cancer treatment, even for the prevention of metasta-
sis, the risk of diabetes should not be increased at the 
same time. in this study, we succeeded in discovering 
conditions that can meet this demand for the first time 
by using pre-diabetic model mice.

The effect of suppressing metastasis was obtained 
primarily due to the properties of the cancer cells them-
selves. all the previous studies on cancer metastasis 
under hyperglycemia were conducted under conditions 
of high blood glucose levels of diabetes. among them, 
metastasis inhibitory effect was observed only in one 
case each of melanoma [13] and colon cancer [14]. in 
other words, these two types of cancer cells are consid-
ered to have the property of being more sensitive to 
hyperglycemia and more strongly affected by it than 
other cancer cells. in fact, metastasis-related cellular 
activities of melanoma showed a slight increase in pro-
liferative ability, but a marked decrease in migratory and 
invasive abilities. It should be stressed that a sufficient-
ly large reduction (P<0.01) in invasion ability was ob-
served even at moderate hyperglycemia levels.

A larger factor underpinning the anti-metastasis effect 
is the immune response, in which macrophages play a 
large role [19]. in response to the metastasized cancer 
cells, macrophages favor a pro-inflammatory phenotype 
and express M1 markers to disrupt cancer cells. under 
hyperglycemic conditions, glucose is actively metabo-
lized in normal tissue cells, regardless of whether cancer 
cells are present. as a result, active oxygen is generated 
and causes inflammation. This leads to the suppression 
of metastasis when cancer cells are present. at the same 
time, the counter effects of anti-inflammatory conditions 
are also worth considering. glucocorticoids, for instance, 
are anti-inflammatories used in cancer treatment [20] but 
activate gluconeogenesis causing blood glucose increase. 
The analysis of substantial roles of glucocorticoids will 
provide useful information on this point.

in the gKKo mice, systemic heterozygous knockout 
of the Gk gene leads to poor glucose signaling in pan-
creatic β cells, hence impairing insulin secretion [15, 
21]. as a result, the blood glucose level is maintained at 
a moderate hyperglycemic level throughout the whole 
body. Even at such a moderate level, inflammation will 
occur although its extent might be lower. Consequently, 
macrophages are likely to increase pro-inflammatory 
functions, accompanied by an increase in the expression 
of M1 type markers.

Macrophages in livers are mostly Kupffer cells and 
the rest is bone-marrow-origin monocytic cells. Based 
on liver injury models, it was revealed that both Kupffer 
cells and monocytic cells showed similar profiles of 

surface markers such as CD86, CD163, and CD206 [22]. 
The expression of CD86+macrophage is necessary for 
p r o l i f e r a t i o n  a n d  c y t o k i n e  p r o d u c t i o n . 
CD163+macrophage expression is involved in bacterial 
recognition and local inflammatory reactions. Also, the 
expression of CD206+macrophage is often required for 
phagocytosis, antigen presentation, and clearance of pro-
inflammatory mediators. According to the M1-M2 cri-
teria, CD86+macrophage is a M1 type and 
CD163+macrophage and CD206+macrophage are M2 
types, although the functional properties may not strict-
ly be distinguished between M1 and M2 [23].

in this study, we observed the enhanced expression of 
CD86 (P<0.01) and the suppressed expression of CD206 
(P<0.05) in macrophages in the liver in response to mod-
erate hyperglycemia. Moreover, the expression of pro-
inflammatory TNFα and Cxcl10 tended to increase al-
though statistically not significant. These responses may 
be understood to be the pro-inflammatory and conse-
q u e n t l y  t u m o r- s u p p r e s s i v e  f u n c t i o n s  o f 
CD86+macrophage and CD206+macrophage. Such un-
derstanding is supported by the following reports.

one report concerns the suppression of liver cancer 
that is known to be promoted by intestinal flora-derived 
toxins [24]. This toxin-promoting liver cancer could be 
suppressed by the antibiotic ciprofloxacin via upregulat-
ing CD86 and downregulating CD206 [25]. another 
report demonstrated the suppression of metastasis of 
colorectal cancer [14]. high-fat diet induced the conver-
sion of adipose tissue macrophages from M1 type 
(CD206+macrophage) to anti-tumor M1 type (CD206−

macrophage) through TLr4/Cxcl10 axis. Cxcl10 was 
generated by M1 macrophage-activated T cells, which 
prevented metastasis.

in summary, a postulated mechanism of the metastasis 
suppression effect under moderate hyperglycemia in 
gKKo mice liver is illustrated in Fig. 4.

During the prognostic period, patients are recom-
mended to take a highly nutritious diet to improve their 
health. in that case, however, special care must be taken 
not to increase the risk of diabetes. The present study 
demonstrated a possibility that melanoma B16-F10 did 
not make moderate hyperglycemia in mice worse, sup-
porting no risk of diabetes, and that metastasis of B16-
F10 to liver was suppressed under the moderate hyper-
glycemic condition in mice. These should contribute to 
dietary planning during prognosis.
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