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Primary bovine mammary epithelial cells (BMEC) were cultured in media containing varying concentrations of glucose, to
determine the effects of glucose availability on glucose transport and its mechanism in bovine mammary gland. The BMEC
incubated with 10 and 20 mM glucose had twofold greater glucose uptake than that with 2.5 mM glucose ( P , 0.05). Increased
glucose availability enhanced the cell proliferation ( P , 0.05). As the glucose uptake is mediated by facilitative glucose
transporters (GLUTs), the expression of GLUT mRNA was investigated. Compared with the control (2.5 mM), 5 and 10 mM glucose
did not influence the abundance of GLUT1 mRNA ( P , 0.05), whereas 20 mM glucose decreased the GLUT1 mRNA expression in
the BMEC ( P , 0.05). The expression of GLUT8 mRNA was not affected by any concentration of glucose ( P . 0.05). As GLUTs are
coupled with hexokinases (HKs) in regulating glucose uptake, the expression of HKs and their activities were also studied. The HK
activity was greater in 5, 10 and 20 mM glucose than that in 2.5 mM glucose ( P , 0.05). The expression of HK2 mRNA rather than
HK1 mRNA was detected in the BMEC; however, the abundance of HK2 mRNA was not elevated by any concentrations of glucose
compared with control ( P . 0.05). Furthermore, addition of 3-bromopyruvate (30, 50 or 70 mM), an inhibitor of HK2, resulted in
the decrease of glucose uptake and cell proliferation at both 2.5 and 10 mM glucose ( P , 0.05). Therefore, the glucose
concentrations may affect glucose uptake partly by altering the activity of HKs, and HK2 may play an important role in the
regulation of glucose uptake in the BMEC.
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Implications
Glucose is the primary precursor for lactose synthesis, and
the supply of glucose to the mammary gland plays an
important role in milk production. In this study, we show that
high concentrations of glucose stimulate the glucose uptake
by bovine mammary epithelial cells. The activity of hexokinases (HKs), especially HK2, rather than gene expression
of glucose transporters may play a more important regulatory role in this process. This suggests that stimulation of
HK activity in the mammary gland may be a useful way to
enhance the efficiency of glucose transport and utilization in
dairy cows.

Introduction
Large amounts of glucose are required to sustain lactation,
and glucose requirements increase approximately twofold in
late pregnant ewes and fourfold in lactating dairy cows
-
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compared with their non-lactating counterparts (Bell and
Bauman, 1997). Up to 85% of the circulating glucose is
consumed by the lactating mammary gland (Biskerst et al.,
1974). Thus, providing sufficient glucose to the mammary
gland is a metabolic priority in lactating animals. In some
studies, glucose has been infused into the duodenum of
dairy cattle to determine the possible role of increased glucose availability in milk synthesis (Hurtaud et al., 2000;
Rigout et al., 2002), and found that increased glucose
concentrations did affect the milk compositions. However, it
is not clear whether increased glucose availability affects
glucose uptake in the mammary epithelial cells.
Glucose is transported into the mammary epithelial cells
via facilitative glucose transporters (GLUTs), with GLUT1
being the major transporter and GLUT8 being another
important type of transporter in the bovine mammary gland
(Zhao et al., 1996 and 2004). The absorbed glucose is then
phosphorylated by hexokinases (HKs) in the cytoplasm to
form glucose-6-phosphate for metabolic utilization, the first
step of glucose metabolism. HKs may play greater roles in
glucose metabolism than in glucose transport in the mammary
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gland of goats (Nielsen et al., 2001) and bovine (Xiao and Cant,
2005). The HKs have four isozymes, HK1 to HK4. Each of the
HKs has tissue-specific patterns of expression and differs in
catalytic and regulatory properties (Wilson, 2003). Both HK1
and HK2 are reported to be expressed in lactating rat mammary
gland (Kaselonis et al., 1999); however, the expression profile
of HKs in lactating bovine mammary gland is still unclear.
Although it is known that GLUTs and HKs are involved in
the control of glucose transport rate, there are open questions with respect to the relationship between GLUTs and
HKs in the regulation of glucose transport and utilization
by glucose availability in the bovine mammary gland. The
aims of this study were to investigate the effects of glucose
availability on glucose transport in the primary bovine
mammary epithelial cells (BMEC), and to determine the roles
of GLUTs and HKs in these effects.

Material and methods

Cell culture and treatment
The primary BMEC within passage 8 were cultured as
described previously (Zhao et al., 2010), and seeded at
density of 5 3 104 cells/ml in a six-well culture plate. When
the cells were cultured to about 80% confluence, the culture
media were changed to Dulbecco’s modified Eagle’s medium
without glucose (Gibco, Grand Island, NY, USA), with supplement of D-glucose (Sigma, St Louis, MO, USA) to the
concentrations of 2.5, 5, 10 and 20 mM. After incubation for
12 h, cells were harvested to isolate RNA and the RNA was
stored at 2808C until subsequent analysis, whereas the
glucose content in the culture media and HKs activity of the
cells were analyzed immediately. Using the same procedures, different concentrations of 3-bromopyruvate (3-BrPA;
30, 50 or 70 mM), a specific inhibitor of HK2, were added to
the media containing 2.5 or 10 mM glucose, respectively.
The experiment was performed three times on different
days, and at least four wells per treatment. In each experiment, the cells were taken from three cows and pooled.
Glucose uptake and cell proliferation
Glucose levels in the culture media were determined using
an enzymatic coloring glucose oxidase/peroxidase assay kit
(Jiancheng, Nanjing, China). The amount of absorbed glucose, determined on the basis of the difference before and
after incubation (Accorsi et al., 2005), was expressed as mg
of glucose per mg of protein. The total protein of the cells
was determined using the Bradford method (Bradford,
1976), and the cell proliferation was determined using an
MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide, Sigma, St Louis, MD, USA) assay as described
previously (Zhao et al., 2010).
mRNA abundance
Total RNA was isolated using the Trizol Reagent (Invitrogen,
Carlsbad, CA, USA), and the first strand of cDNA was transcribed using a reverse transcription kit (Takara, Tokyo, Japan).

Table 1 Primers for real-time PCR
Item

Gene Bank ID

GLUT1

NM-174602

GLUT8

NM-201528

HK2

XM-002691189

b-actin

NM-173979

Primers
F: 50 -GTGCTCCTGGTTCTGTTCTTCA-30
R: 50 -GCCAGAAGCAATCTCATCGAA-3’
F: 50 -AGTGACTGCCCGTCCTTGCT-30
R: 50 -TGCTGTCCTGGCTCCTGACT-30
F: 50 -AAGATGCTGCCCACCTACG-30
R: 50 -TCGCTTCCCATTCCTCACA-30
F:50 -GCCATGAAGCTGAAGATGAC-30
R:50 -CCTTCTGCAGCTCAGATATG-30

GLUT 5 glucose transporter; HK 5 hexokinase.

The mRNA abundance was determined by real-time quantitative PCR using the SYBR Green method (7500, Applied
Biosystems, Singapore), and the primers used are listed in
Table 1. The PCR was started with a 10 s pre-denaturalization at 948C, followed by 40 cycles of 5 s denaturation at
958C and 34 s annealing and extension at 608C. Gene
expression values were normalized to reference gene of bactin in the same sample. The relative changes in each gene
expression were calculated using the 22DDCT (cycle threshold, CT) method (Livak and Schmittgen, 2001), with 2.5 mM
glucose as the control group.

HK activity
The HK activity was measured using a total HK assay kit
(Genmed, Arlington, MA, USA). Briefly, the cells were lysed
and cleared by centrifugation (1600 3 g, 5 min), and 20 ml
of the lysate was loaded into 180 ml of the reaction buffer on
ice, then the absorbance was immediately detected using a
spectrophotometer (Spectramax M5, Molecular Devices,
Sunnyvale, CA, USA) at 340 nm. The optical density value at
5 min minus that at 0 min was used to calculate the total
activity of HKs, and the activity was presented as nmol
NADPH produced per mg protein per min.
Statistical analysis
Data were analyzed by ANOVA, and Duncan’s multiple range
tests were used for multiple comparisons using the SPSS
16.0 software. P , 0.05 was considered as a significant
difference, and each experiment was performed three times.
Results
A dose-dependent profile of glucose uptake by the BMEC under
different glucose availability is shown in Figure 1a. Glucose
uptake was approximately twofold greater in the BMEC incubated with 10 and 20 mM glucose than with 2.5 mM
(P , 0.05), with no difference between 10 and 20 mM glucose
(P . 0.05). The viability of BMEC increased first and then
decreased with the increasing glucose availability (Figure 1b),
with the highest value at 10 mM (P , 0.05), followed by at
20 mM and then at 5 mM (P , 0.05).
The GLUTs and HKs were investigated to determine the
possible mechanisms involved in the regulation of glucose
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Figure 1 Glucose uptake (a) and cell proliferation (b) by bovine mammary
epithelial cells under different glucose concentrations. The cell proliferation
in 2.5 mM glucose is assigned a value of 100%, and the other values are
expressed in relative units. Values with different superscripts (a, b, c and d)
are significantly different (P , 0.05), and bars indicate the standard error
(a, n 5 6; b, n 5 10).

uptake by glucose availability in the BMEC. Compared with
the control (2.5 mM), 5 and 10 mM glucose did not affect the
GLUT1 gene expression (P . 0.05, Figure 2a); however,
20 mM glucose decreased the mRNA abundance of GLUT1
(P , 0.05, Figure 2a). The abundance of GLUT8 mRNA was
not affected by any concentrations of glucose (P . 0.05,
Figure 2b). The HK activity increased initially and then
decreased with increasing concentrations of glucose, with
the highest activity at 10 mM glucose (P , 0.05, Figure 3a).
The mRNA of HK1 could not be detected, whereas that of
HK2 was expressed at a relatively high level in the BMEC
(data not shown). Compared with the control, the increasing glucose availability (5, 10 and 20 mM) did not elevate
mRNA abundance of HK2 (P . 0.05); however, the HK2
mRNA abundance was lower in 10 or 20 mM than that in the
control and 5 mM (P , 0.05; Figure 3b).
Figure 4 shows the results of glucose uptake and cell
proliferation when the HK2 activity was inhibited. The glucose uptake at 2.5 and 10 mM glucose was decreased with
increasing concentrations of 3-BrPA (0, 30, 50 or 70 mM;
P , 0.05; Figure 4a). The glucose uptake was higher at
10 mM glucose than that at 2.5 mM glucose with either 0, 30
or 50 mM 3-BrPA (P , 0.05; Figure 4a), whereas there was
no difference between 2.5 and 10 mM glucose with 70 mM
3-BrPA (P . 0.05; Figure 4a). The cell proliferation at 2.5 and
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Figure 2 The abundance of glucose transporter-1 (GLUT1; a) and GLUT8
(b) mRNA in the bovine mammary epithelial cells under different glucose
concentrations. The abundance of GLUT1 and GLUT8 mRNA in 2.5 mM
glucose is assigned a value of 1.0, and the other values are expressed in
relative units. Values with different superscripts (a, b) are significantly
different (P , 0.05), and bars indicate the standard error (n 5 4).

10 mM glucose showed the same pattern with glucose
uptake when treated with different concentrations of 3-BrPA
(0, 30, 50 or 70 mM). The cell proliferation was higher at
10 mM glucose than that at 2.5 mM glucose with either 0, 30
or 70 mM 3-BrPA (P , 0.05; Figure 4b), whereas there was
no difference between 2.5 and 10 mM glucose with 50 mM
3-BrPA (P . 0.05; Figure 4b).
Discussion
Glucose is of central metabolic importance in virtually all
organisms, and is pivotal in lactating animals because glucose is the primary precursor of lactose synthesis, and lactose controls the milk volume by maintaining osmolarity of
milk (Cant et al., 2002). The metabolite of glucose can also
be used as a substrate for the synthesis of nucleotides, milk
proteins and lipids. In this study, increased glucose availability stimulated glucose uptake by the mammary epithelial
cells. In the same pattern, high concentrations of glucose
enhanced BMEC proliferation. The intermediary metabolites
of glucose, such as glucose-6-phosphate and NADPH can act
as survival factors (Plas et al., 2002; Nutt et al., 2005), and
cell growth is dependent on energy supply (Buchakjian and
Kornbluth, 2010; Mulukutla et al., 2010). It is indicated, from
our results, that glucose availability did affect the glucose
transport and utilization by the BMEC, which is not consistent
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Figure 3 Hexokinases (HKs) activity (a) and HK2 mRNA abundance (b) in
bovine mammary epithelial cells under different glucose concentrations.
The abundance of HK2 mRNA in 2.5 mM glucose is assigned a value of 1.0,
and the other values are expressed in relative units (a). Values with
different superscripts (a, b, c) are significantly different (P , 0.05), and
bars indicate the standard error (n 5 4).

with the report that glucose uptake is unaffected by glucose
infusion in ruminants. These controversial results may be
attributed to a reduction or a marked inhibition of gluconeogenesis during glucose infusion on sheep (Judson and Leng,
1973), or may be different with diets providing post-ruminal
supply of starch on dairy cattle (Hurtaud et al., 2000; Rigout
et al., 2002). In addition, the blood glucose concentration is
tightly regulated, and duodenal glucose infusion results only in
minor changes in glucose concentration compared with the
range of concentration in the media.
Both GLUT1 and GLUT8 are important GLUTs in the
bovine mammary gland (Zhao et al., 1996 and 2004). As the
downregulation of GLUT1 may lead to the reduction of glucose availability for lactose synthesis (Ben Chedly et al.,
2011), and as the expression of GLUT1 mRNA was elevated
in response to high glucose availability in chicken and rat
thymocytes (Aulwurm and Brand, 2000; Humphrey and
Rudrappa, 2008), it was assumed that high concentration of
glucose may stimulate glucose uptake accompanied with the
increase of GLUT1 and/or GLUT8 mRNA level in the BMEC.
However, in this study, compared with the control (2.5 mM),
5 or 10 mM glucose did not affect the expression of GLUT1
mRNA, and abundance of GLUT8 mRNA was not affected by
various concentrations of glucose. This may be attributed to
the special features of glucose supply and metabolism by
ruminants (Reynolds, 1992), and the specific mechanisms

are yet to be studied. The GLUT1 mRNA was lower in 20 mM
glucose compared with 2.5 and 5 mM glucose, which was
consistent with the report that GLUT expression was inhibited by high glucose concentrations in other cells (Ohta et al.,
1990; El-Kebbi et al., 1994). However, glucose uptake was
higher in 20 mM of glucose compared with 2.5 and 5 mM
glucose. As the mRNA levels do not always correlate with
protein expression, glucose availability may partly regulate
GLUT expression at the post-transcriptional level. The
expression profile of GLUT1 and GLUT8 protein under different glucose availability needs further research. Except for
GLUT amounts, the increased glucose concentration gradient
across the cell membrane may partly account for the elevated glucose uptake in 10 and 20 mM glucose, as glucose
transport across the plasma membrane of the lactating
BMEC has a Km value of 8.29 mM for 3-O-methyl-D-glucose
(Xiao and Cant, 2003), and the purified GLUT1 exhibits a Km
of 5 to 7 mM for glucose (Mueckler et al., 1997).
The HKs, the key enzymes for glucose metabolism, may
play an important role in glucose transport under different
glucose availability. To determine the hypothesis, the HK
activity was investigated. It was observed that BMEC grown
in higher glucose concentrations (5, 10 and 20 mM) had
higher HK activities, which confirmed the previous assumption and agreed with Yamada et al. (2005), who reported
that HK activities showed positive relationship with glucose
uptake. As both HK1 and HK2 were expressed in lactating rat
mammary gland (Kaselonis et al., 1999), and it is interesting to define the specific role each HK played in the
BMEC, the expression of HK1 mRNA could not be detected,
whereas the HK2 was expressed at a relatively high level in
the BMEC. As HK2 is involved in the process of anabolism
(Sebastian et al., 2000; Southworth et al., 2007), the above
results suggest that HK2 may play an important role in milk
synthesis in the lactating bovine mammary gland. The
expression of HK2 is closely associated with glucose transport (Ong et al., 2008; Chehtane and Khaled, 2010), and
over-expression of HK2 usually induced increase of glucose
uptake (Fueger et al., 2004). Therefore, it is possible that
HK2 plays an important role in the regulation of glucose
uptake by the BMEC.
Increasing glucose availability did not elevate the
expression of HK2 mRNA, suggesting that glucose availability may not regulate HK2 at the transcriptional level in
the lactating BMEC. The 3-BrPA is an inhibitor to HK2 (Kim
et al., 2006). Addition of 3-BrPA resulted in a preferential
covalent modification of HK2 protein in a concentration- and
time-dependent manner (Chen et al., 2006). In 2.5 or 10 mM
glucose, addition of 3-BrPA decreased the glucose uptake in
a dose-dependent manner, whereas the increased glucose
uptake at 10 mM glucose was nearly abolished by adding
30 mM of 3-BrPA. In addition, when 125 mM 3-BrPA was
added, the glucose uptake by the BMEC was totally blocked
at 2.5 or 10 mM glucose (data not shown). The results support the previous assumption that HK2 may play an important role in glucose uptake in the BMEC. The relationship
between the inhibition of HK2 and depression of glucose
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Figure 4 Effects of 3-bromopyruvate (3-BrPA) on glucose uptake (a) and cell proliferation (b) by the bovine mammary epithelial cells. Different concentration
of 3-BrPA was added into 2.5 or 10 mM glucose, respectively. The cell proliferation at 2.5 mM glucose is assigned a value of 100%, and the other values are
expressed in relative units. Values with different superscripts (a, b, c, d, e, f, g) are significantly different (P , 0.05), and bars indicate the standard error
(a, n 5 6; b, n 5 10).

uptake is complex. In this study, the cell proliferation induced
by high glucose availability was decreased with increasing
concentrations of 3-BrPA. Besides, inhibition of HK2 may
activate mitochondrial apoptotic signal cascades and induce
apoptotic cell death (Pastorino et al., 2002; Pastorino and
Hoek, 2003). The depressed growth of cells may partly
account for the depression of glucose uptake, because glucose is required for cell growth (Greiner et al., 1994; Mulukutla et al., 2010). However, the specific glucose-sensing
mechanism and pathways in the BMEC are yet to be elucidated in detail. It is reported that eukaryotic cells take
signals from the glycolytic and the pentose phosphate
pathway metabolites to sense glucose availability through
the action of protein kinase and transcription factors, such as
stimulatory protein-1 (Vaulont et al., 2000; Towle, 2005).
In summary, increased glucose availability stimulated
glucose transport by the BMEC, and this effect may act
through a mechanism other than regulating GLUT and HK2
mRNA levels. Inhibition of HK2 depressed the glucose uptake
and cell proliferation stimulated by high glucose availability,
suggesting that HK2 may play an important role in the regulation of glucose uptake by glucose availability in the BMEC.
The regulation of gene expression and post-transcriptional
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modification of HKs may be required to enhance glucose
transport and utilization by the bovine mammary gland.
Acknowledgments
This study was supported by a grant from the National Natural
Science Foundation of China (No. 30901034), the earmarked
fund for Modern Agro-industry Technology Research System
(CARS-37) and by the International Foundation for Science
(IFS, B/4444-1). The authors gratefully acknowledge Dr Fengqi
Zhao, University of Vermont, USA, for his help with the English
language.

References
Accorsi PA, Gamberoni M, Isani G, Govoni N, Viggiani R, Monari M, De Ambrogi
M, Munno A, Tamanini C and Seren E 2005. Leptin does not seem to influence
glucose uptake by bovine mammary explants. Journal of Physiology and
Pharmacology 56, 689–698.
Aulwurm UR and Brand KA 2000. Increased formation of reactive oxygen
species due to glucose depletion in primary cultures of rat thymocytes inhibits
proliferation. European Journal of Biochemistry 267, 5693–5698.
Bell AW and Bauman DE 1997. Adaptations of glucose metabolism during
pregnancy and lactation. Journal of Mammary Gland Biology and Neoplasia 2,
265–278.

Glucose transport in bovine MEC
Ben Chedly H, Lacasse P, Marnet PG, Komara M, Marion S and Boutinaud M
2011. Use of milk epithelial cells to study regulation of cell activity and
apoptosis during once-daily milking in goats. Animal 5, 572–579.

Nutt LK, Margolis SS, Jensen M, Herman CE, Dunphy WG, Rathmell JC and
Kornbluth S 2005. Metabolic regulation of oocyte cell death through the
CaMKII-mediated phosphorylation of caspase-2. Cell 123, 89–103.

Biskerst R, Annison EF and Linzell JL 1974. Metabolism of glucose, acetate, lipids
and aminal acids in lactating dairy cows. Journal of Agricultural Science 82, 71–85.

Ohta T, Isselbacher KJ and Rhoads DB 1990. Regulation of glucose transporters
in LLC-PK1 cells: effects of D-glucose and monosaccharides. Molecular and
Cellular Biology 10, 6491–6499.

Bradford MM 1976. Rapid and sensitive method for quantitation of microgram
quantities of protein utilizing principle of protein–dye binding. Analytical
Biochemistry 72, 248–254.
Buchakjian MR and Kornbluth S 2010. The engine driving the ship: metabolic
steering of cell proliferation and death. Nature Reviews Molecular Cell Biology
11, 715–727.
Cant JP, Trout DR, Qiao F and Purdie NG 2002. Milk synthetic response of the
bovine mammary gland to an increase in the local concentration of arterial
glucose. Journal of Dairy Science 85, 494–503.
Chehtane M and Khaled AR 2010. Interleukin-7 mediates glucose utilization in
lymphocytes through transcriptional regulation of the hexokinase II gene.
American Journal of Physiology – Cell Physiology 298, C1560–C1571.
Chen Z, Xu RH, Achanta G, Zhang H and Huang P 2006. Critical role of
hexokinase II in 3-bromopyruvate-induced cell death: a potential target for
cancer therapeutics. In AACR Meeting Abstracts 47, p. 1103. Annual Meeting of
the American Association for Cancer Research, Philadelphia, PA, USA.
El-Kebbi IM, Roser S, Pollet RJ, Cushman SW and Wilson CM 1994. Regulation of
the GLUT1 glucose transporter in cultured myocytes: total number and
subcellular distribution as determined by photoaffinity labelling. Biochemical
Journal 30, 35–40.
Fueger PT, Bracy DP, Malabanan CM, Pencek RR, Granner DK and Wasserman
DH 2004. Hexokinase II overexpression improves exercise-stimulated but not
insulin stimulated muscle glucose uptake in high-fat-fed C57BL/6J mice.
Diabetes 53, 306–314.
Greiner EF, Guppy M and Brand K 1994. Glucose is essential for proliferation
and the glycolytic enzyme induction that provokes a transition to glycolytic
energy-production. Journal of Biological Chemistry 269, 31484–31490.
Humphrey BD and Rudrappa SG 2008. Increased glucose availability activates
chicken thymocyte metabolism and survival. Journal of Nutrition 138, 1153–1157.
Hurtaud C, Lemosquet S and Rulquin H 2000. Effect of graded duodenal
infusions of glucose on yield and composition of milk from dairy cows. 2. Diets
based on grass silage. Journal of Dairy Science 83, 2952–2962.
Judson GJ and Leng RA 1973. Studies on the control of gluconeogenesis in
sheep: effect of glucose infusion. British Journal of Nutrition 29, 175–195.
Kaselonis GL, McCabe ERB and Gray SM 1999. Expression of hexokinase 1 and
hexokinase 2 in mammary tissue of nonlactating and lactating rats: evaluation
by RT-PCR. Molecular Genetics and Metabolism 68, 371–374.
Kim JS, Ahn KJ, Kim JA, Kim HM, Lee JD, Lee JM, Kim SJ and Park JH 2008. Role
of reactive oxygen species-mediated mitochondrial dysregulation in 3bromopyruvate induced cell death in hepatoma cells. Journal of Bioenergetics
and Biomembranes 40, 607–618.
Livak KJ and Schmittgen TD 2001. Analysis of relative gene expression data
using real-time quantitative PCR and the 2(T)(-Delta Delta C) method. Methods
25, 402–408.
Mueckler M, Hresko RC and Sato M 1997. Structure, function and biosynthesis
of GLUT1. Biochemical Society Transactions 22, 951–954.
Mulukutla BC, Khan S, Lange A and Hu WS 2010. Glucose metabolism in
mammalian cell culture: new insights for tweaking vintage pathways. Trends in
Biotechnology 28, 476–484.
Nielsen MO, Madsen TG and Hedeboe AM 2001. Regulation of mammary
glucose uptake in goats: role of mammary gland supply, insulin, IGF-1 and
synthetic capacity. Journal of Dairy Research 68, 337–349.

Ong LC, Jin Y, Song IC, Yu S, Zhang K and Chow PKH 2008. 2-[18F]-2-deoxy-Dglucose (FDG) uptake in human tumor cells is related to the expression of GLUT1 and hexokinase II. Acta Radiologica 49, 1145–1153.
Pastorino JG and Hoek JB 2003. Hexokinase II: the integration of energy
metabolism and control of apoptosis. Current Medicinal Chemistry 10,
1535–1551.
Pastorino JG, Shulga N and Hoek JB 2002. Mitochondrial binding of hexokinase
II inhibits Bax-induced cytochrome c release and apoptosis. Journal of Biological
Chemistry 277, 7610–7618.
Plas DR, Rathmell JC and Thompson CB 2002. Homeostatic control of
lymphocyte survival: potential origins and implications. Nature Immunology 3,
515–521.
Reynolds CK 1992. Metabolism of nitrogenous compounds by ruminant liver.
Journal of Nutrition 122, 850–854.
Rigout S, Lemosquet S, van Eys JE, Blum JW and Rulquin H 2002. Duodenal
glucose increases glucose fluxes and lactose synthesis in grass silage-fed dairy
cows. Journal of Dairy Science 85, 595–606.
Sebastian S, Horton JD and Wilson JE 2000. Anabolic function of the type II
isozyme of hexokinase in hepatic lipid synthesis. Biochemical and Biophysical
Research Communications 270, 886–891.
Southworth R, Davey KAB, Warley A and Garlick PB 2007. A reevaluation of the
roles of hexokinase I and II in the heart. American Journal of Physiology – Heart
and Circulatory Physiology 292, H378–H386.
Towle HC 2005. Glucose as a regulator of eukaryotic gene transcription. Trends
in Endocrinology and Metabolism 16, 489–494.
Vaulont S, Vasseur-Cognet M and Kahn A 2000. Glucose regulation of gene
transcription. Journal of Biological Chemistry 275, 31555–31558.
Wilson JE 2003. Isozymes of mammalian hexokinase: structure, subcellular
localization and metabolic function. Journal of Experimental Biology 206,
2049–2057.
Xiao CT and Cant JP 2003. Glucose transporter in bovine mammary
epithelial cells is an asymmetric carrier that exhibits cooperativity and transstimulation. American Journal of Physiology – Cell Physiology 285,
C1226–C1234.
Xiao CT and Cant JP 2005. Relationship between glucose transport and
metabolism in isolated bovine mammary epithelial cells. Journal of Dairy
Science 88, 2794–2805.
Yamada K, Brink I, Bisse E, Epting T and Engelhardt R 2005. Factors influencing
[F-18] 2-fluoro-2-deoxy-D-glucose (F-18 FDG) uptake in melanoma cells: the role
of proliferation rate, viability, glucose transporter expression and hexokinase
activity. Journal of Dermatology 32, 316–334.
Zhao FQ, Dixon WT and Kennelly JJ 1996. Localization and gene expression of
glucose transporters in bovine mammary gland. Comparative Biochemistry and
Physiology B – Biochemistry & Molecular Biology 115, 127–134.
Zhao K, Liu HY, Zhou MM and Liu JX 2010. Establishment and characterization
of a lactating bovine mammary epithelial cell model for the study of milk
synthesis. Cell Biology International 34, 717–721.
Zhao FQ, Miller PJ, Wall EH, Zheng YC, Dong B, Neville MC and McFadden TB
2004. Bovine glucose transporter GLUT8: cloning, expression, and developmental regulation in mammary gland. Biochimica et Biophysica Acta – Gene
Structure and Expression 1680, 103–113.

493

