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Abstract: The α-(1,2) fucosyltransferases (Fut1 and Fut2) and α-(1,3) fucosyltransferases
(Fut4, Fut9) are responsible for the synthesis of Lewis X (LeX) and Lewis Y (LeY)
conjugated to glycoproteins. We recently reported that these fucosyltransferases were
differentially expressed in the reproductive tract of male mouse. Here, we studied the effect
of androgen on fucosyltransferase expression through the use of mouse castration models.
We found that Fut1 mRNA and Fut4 mRNA were upregulated, while Fut2 mRNA and
Fut9 mRNA were downregulated by androgen in the caput epididymis. However, in the
vas deferens and prostate, only Fut4 mRNA and Fut2 mRNA were respectively
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upregulated following exposure to androgen. In the seminal vesicle, all fucosyltransferases,
with the exception of Fut9, were upregulated. We identified the androgen receptor binding
sites (ARBSs) of Fut2, Fut4 and Fut9 in the caput epididymis. Luciferase assay for these
ARBSs is able to provide an indication as to why Fut4 and Fut9 are differently expressed
and regulated by androgen, although they catalyze the same α-(1,3) fucose linkage. Our
study showed that androgen could differentially regulate the expression of these
fucosyltransferases and provided an insight into the characteristic distribution of each
fucosyltransferase responsible for LeX/LeY biosynthesis in the male reproductive tract.
Keywords: fucosyltransferase; androgen; male reproductive tract

1. Introduction
Fucosylation is a common type of glycosylation of proteins. In mammals, fucose-containing
glycans, such as Lewis antigens, have important roles in blood transfusion reactions, selectin mediated
leukocyte-endothelial adhesion, host-microbe interactions, fertility and numerous ontogenic
events [1]. Fucosyltransferases are the enzymes responsible for the catalysis of fucose transfer from
donor guanosine-diphosphate (GDP) fucose to various acceptor molecules, including oligosaccharides,
glycoproteins and glycolipids [2]. In the mouse, the functional α-(1,2) fucosyltransferases for LeY
synthesis include Fut1 and Fut2 [3]. The functional α-(1,3) fucosyltransferases for LeX synthesis
include Fut4 [4] and Fut9 [5]. Fut7 can only synthesize sialylated LeX [6], while the catalytic activity
of Fut11, a novel α-(1,3) fucosyltransferase, is only verified in human, so far [7].
The changing microenvironment of the epididymis, including glycoproteins secreted from the
epithelium, is important for the maturation and fertilizing capacity of mammalian spermatozoa. Our
previous study showed that α-(1,3) fucosyltransferases (Fut4, Fut9 and Fut11) and α-(1,2)
fucosyltransferases (Fut1 and Fut2) were differently expressed and controlled the biosynthesis of LeX
and LeY glycoproteins in the male mouse reproductive tract. Only Fut1 and Fut4 were highly
expressed in zone 2 of caput epididymis and were found to be mainly responsible for the control of the
LeY and/or LeX synthesis [8].
The gene expression and function in epididymis is greatly influenced by the luminal
microenvironment [9]. Many genes in the efferent duct, initial segment and caput epididymis are
regulated by testicular factors [10] and androgen [11]. However, it is not clear whether these
fucosyltransferases were androgen-dependent. Previously, we have globally mapped the androgen
receptor binding sites (ARBSs) by chromatin immunoprecipitation sequencing (ChIP-seq) in the
mouse caput epididymis [12] in which the AR is highly expressed [13]. Through the ARBS library, we
predicted the ARBSs that were located near the Fut2, Fut4 and Fut9 genes in the genome.
In the present investigation, we aimed to determine whether androgen regulates the expression and
specific distribution of each fucosyltransferase in the mouse male reproductive tract and how these
fucosyltransferases are regulated by androgen. The results of this study will help to understand the
influence of androgen on the protein fucosylation and related pathology process in the male
reproductive tract.
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2. Results and Discussion
2.1. Fut1 and Fut4 mRNAs Are Upregulated, while Fut2 and Fut9 mRNAs Are Downregulated by
Androgen in the Mouse Caput Epididymis
The epididymis is an androgen-responsive organ. Moreover, the greatest number of
androgen-regulated genes were observed in the caput region when compared with regulation in either
the corpus or cauda regions [14]. In addition, a gradual increase in serum androgen concentrations was
observed from birth to sexual maturity in the mouse [15]. Here, the developmental changes on the
expression of Fut mRNAs in the mouse caput epididymis throughout the life-span were surveyed by
qPCR. The results indicated that the expression of Fut1, Fut2 and Fut4 rapidly increased after birth
and continued until sexual maturation at eight weeks of age (Figure 1A). However, Fut9 dramatically
decreased after birth, and there was no significant change in Fut11 expression during development
(Figure 1B). The profile of serum androgen level during development [15] is the same as the change of
Fut1, Fut2 and Fut4 and opposite to Fut9. Therefore, we hypothesized that these fucosyltransferases
might be closely related to androgen regulation.
To investigate how these fucosyltransferases were regulated by androgen, we performed a
time-curve castration model. In castrated animals, serum testosterone declined rapidly within one day
and remained at low levels thereafter. On day 7 following castration, the administration of testosterone
propionate resulted in a rapid increase in the serum testosterone concentration within 24 h.
Testosterone concentration decreased to baseline levels on the third day after testosterone replacement
and continued to decrease in the following days (Figure 1C). We found that Fut2 and Fut9 mRNA
levels were increased after castration and were subsequently reduced following testosterone
replacement, reaching the baseline level on the third day after injection. Then, a gradual increase in
mRNA level was observed at the 7 + 5 days and 7 + 7 days following treatment (Figure 1D). This
pattern was opposite to the observed change in serum testosterone concentration (Figure 1C).
Conversely, Fut1 and Fut4 mRNA rapidly decreased after castration (Figure 1E), which mirrored the
significant decrease of testosterone (Figure 1C). Fut11 expression decreased rapidly, but rose without
the androgen supplement on day 5, and went up and down again after androgen replacement. Its
fluctuation was not in agreement with the change of testosterone level.
Taken together, in the mouse caput epididymis, androgen can positively regulate the expression of
Fut1 and Fut4, but negatively regulate the expression of Fut2 and Fut9.
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Figure 1. The mRNA expression of (A) Fut1, Fut2 and Fut4 and (B) Fut9 and Fut11
during mouse development. X-axis: age, weeks after birth. Y-axis: mRNA expression
quantified by real time PCR, normalized to the eight weeks; (C) The change of serum
testosterone concentrations following castration and androgen replacement. The expression
of (D) Fut2 and Fut9 mRNA and (E) Fut1, Fut4 and Fut11 mRNA, following castration
and androgen replacement. Three to five mice were used for each time point, and 3–5 pairs
of epididymis were pooled together for RNA extract and RT-qPCR. qPCR for each sample
were repeated at least three times. ‘//’ in the Y axis of (B) and (C) indicate a break to shrink
the range of the column.

2.2. The Expression of Fut1, Fut2, Fut4 and Fut9 Are Regulated Differently by Androgen in Other
Organs of the Male Mouse Reproductive Tract
How is the expression of Fut1, Fut2, Fut4 and Fut9 regulated by androgen in the tissues other than
the epididymis? Here, we profiled the expression of these fucosyltransferases in these tissues in the
“7 days castration + 2 days androgen replacement” castration model.
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Figure 2. The expression of Fut1, Fut2, Fut4 and Fut9 in (A) epididymis; (B) vas
deferens; (C) seminal vesicle; (D) prostate and (E) brain from animals in the
“7 days castration + 2 days androgen replacement” castration model. Nor: normal
non-surgery control; oil: oil vector control; TP: testosterone propionate replacement.
Y-axis: mRNA expression of indicated genes using glyceraldehyde phosphate dehydrogenase
(GAPDH) as the internal control. Data are expressed as the means ± SEM (n = 3). * p < 0.05;
** p < 0.01; *** p < 0.001, as compared with the corresponding oil-treated castrated control.
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In the epididymis, compared to the un-castrated normal mice group, Fut1 mRNA and Fut4 mRNA
significantly decreased, while Fut2 mRNA and Fut9 mRNA significantly increased after castration in
the oil control group. Compared to the oil control group, Fut4 mRNA significantly increased, while
Fut2 mRNA and Fut9 mRNA significantly decreased after testosterone propionate (TP) replacement,
but the increase of Fut1 mRNA after TP replacement was not significant (Figure 2A). This result is
consistent to the time-curve model, which double confirmed both of the two models.
The expression of both Fut4 in the vas deferens (Figure 2B) and Fut2 in the prostate (Figure 2D)
significantly decreased after castration in the oil control group and significantly increased after TP
replacement, while the other three Futs were androgen-independent, respectively, in these two organs.
In the seminal vesicle, except Fut9, all of the Futs showed a significant decrease after castration in the
oil control group and a significant increase after TP replacement (Figure 2C); in brain, a non-typical
androgen-dependent organ, there were no significant changes in Fut expression (Figure 2E).
Thus, Fut1, Fut2, Fut4 and Fut9 were differently expressed in the male reproductive tract, and they
are also differentially regulated by androgen in each tissue of the male reproductive tract.
2.3. The AR-ARBS Binding Was Not the Only Reason for the Difference of Androgen Regulation
between Epididymis and Prostate
Following androgen administration, the expression of Fut2 was downregulated in the epididymis
and upregulated in the prostate when compared to the castrated oil-treated group. In addition,
upregulation of Fut4 expression and downregulation of Fut9 expression in epididymis was observed in
the TP group, while there was no impact in the prostate (Figure 2). To determine if fucosyltransferases
were directly regulated by androgen and if fucosyltransferases differentially alter AR regulation in
different reproductive tissues, the ARBSs of fucosyltransferase genes were examined. In a previous
investigation, we mapped the ARBSs in mouse epididymis in vivo through the use of chromatin
immunoprecipitation sequencing (ChIP-seq) [12]. Using this library, we were able to locate potential
ARBSs of Fut2, Fut4 and Fut9 (Figure 3A). Although results from developmental and castration
experiments suggest that Fut1 is upregulated by androgen, no ARBSs were found to be located around
the Fut1 gene in the genome. In order to rule out a possible false-negative finding, we investigated the
region around the Fut1 gene, from 5 kb upstream to 5 kb downstream using Genomatix Region Miner
release 3.2 [16]. The results from this search predicted three potential ARBSs (Figure 3A), which are
conserved in humans, rats and mice. We performed a ChIP-PCR with primers for about 150 bp around
the ARBS to confirm the AR-binding characteristics of these ARBSs in the epididymis. The three
predicted ARBSs in Fut1 were shown to be negative, while the other ARBSs in Fut2, Fut4 and
Fut9 from the library were immunoprecipitated by the AR, but not the immunoglobulin G (IgG)
control (Figure 3B).
To examine if the binding of AR to the ARBS DNA sequences was triggered by androgen, we
further performed ChIP-PCRs with or without testosterone stimulation. As expected, all the AR-ARBS
binding in Fut2, Fut4 and Fut9 disappeared after castration and appeared again after the replacement
of testosterone propionate (Figure 3D). Therefore the AR-ARBS binding in the epididymis was
dependent on the stimulation of testosterone. Therefore, androgen can directly regulate Fut2, Fut4
and Fut9.
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However, the ChIP-PCR assay in prostate showed that the ARBSs identified in the caput
epididymis could also bind to ARs in prostate (Figure 3C). Therefore, the AR-ARBS bindings were
not the only reason responsible for the difference of AR regulation of Fut2, Fut4 and Fut9 between
prostate and the caput epididymis.
Figure 3. (A) The localization of the predicted androgen receptor binding sites (ARBSs) of
Fut1 and the ARBSs of Fut2, Fut4 and Fut9 retrieved from a previously developed
chromatin immunoprecipitation sequencing (ChIP-seq) data library; The binding of AR to
the ARBSs from the Futs were compared between (B) the caput epididymis and (C) the
prostate by ChIP-PCR with AR antibody; (D) The binding of ARBSs to AR in control
(normal), castrated and following testosterone propionate (TP) replacement treatment in
the caput epididymis. 1, 2, 3 in (B), (C), (D) refer to the binding sites indicated in (A). AR:
ChIP-PCR with AR antibody; IgG: ChIP-PCR with normal immunoglobulin G (IgG) as
negative control.
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2.4. Luciferase Assay Showed that Fut4 Was Upregulated by Androgen
In addition to binding to ARBS, AR interacts with other cofactors to regulate the target genes [17].
To explore how Fut4 and Fut9 are differentially regulated by AR and cofactors in the epididymis and
how they become androgen-independent in prostate, we would ideally compare the androgen-dependent
characteristic of the ARBSs, especially the cofactors of the androgen receptor between Fut4 and Fut9,
and between the epididymis and prostate. Due to a lack of cell lines originating from epididymis and
prostate, we used a Chinese hamster ovary (CHO) cell line to perform the luciferase assays. Two
ARBSs in the Fut4 AR-binding region and three ARBSs in the Fut9 AR-binding region were retrieved
from the library. We mutated the key G/Cs in the ARBS sequences into A/Ts to block the binding of
the ARBS to AR (Figure 4A).
Figure 4. (A) The sequences and mutations of ARBSs of Fut4 and Fut9. The key G/Cs in
light gray were mutated to A/Ts. Capitalized letters indicate conserved core binding
elements. In Fut4, the repeat sequences shared by the tandem ARBSs were labeled with
boxes. Luciferase assay of (B) Fut4 ARBSs and (C) Fut9 ARBSs in response to the
androgen stimulation. Data are expressed as the mean ± SEM (n = 3), * p < 0.05, as
compared with the corresponding control.

In Fut4, the response to androgen stimulation of the wild-type ARBSs was six times higher than
that of the negative control vector. This promoter activity was not significantly blocked by the point
mutation of either NO1 ARBS or NO2 ARBS individually. However, when both ARBS were mutated,
the reaction was almost as weak as the negative control vector (Figure 4B). Therefore, the two ARBSs
may work in reciprocal synergism. In Fut9, the response to androgen can be inhibited by the peak
sequence containing the three ARBSs. However, none of the point mutations of the three ARBSs
rescued this silencing activity (Figure 4C). This to some extent explained why in the male reproductive
tract Fut4 was upregulated in most of the organs, but Fut9 was androgen-independent, except in the
epididymis, although they catalyze the same α-(1,3) fucose linkage. The luciferase assays supported
our opinion that testosterone was one important factor responsible for the dramatic difference of Fut4
and Fut9 expression in caput epididymis.
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2.5. Discussion
The present study demonstrates for the first time that fucosyltransferases in the reproductive system
are androgen-dependent and differentially regulated by androgen in the caput epididymis, vas deferens,
seminal vesicle and prostate. However, androgen regulation cannot answer all the questions about the
specific distribution of these fucosyltransferases. There may be other factors accounting for the
regulation of these fucosyltransferases in the male reproductive tract.
The castration model showed that Fut2 was downregulated by androgen in epididymis (Figure 2A), but
it was consistent to the level of testosterone during development before eight weeks of age
(Figure 1A). Before sexual maturation, other overwhelming factors may be responsible for this pattern
of Fut2 expression. In addition, Fut2 was upregulated by androgen administration in the seminal
vesicle and the prostate, an opposite response to that of the epididymis. Therefore, the regulation of
Fut2 expression appears to be time- and tissue-dependent.
The exact ARBSs of Fut1 responsive to the androgen stimulation were not found in the current
investigation. The slow recovery rate of Fut1 in epididymis (Figure 1D) resulted in the non-significant
increasing trend of Fut1 mRNA after TP replacement in the “7 days + 2 days” castration model
(Figure 2A). However, the change of Fut1 expression was consistent with the level of androgen in both
the developmental model and time-curve castration model of the epididymis (Figure 1A,C). The
“7 days + 2 days” castration model also showed that Fut1 was upregulated in the seminal vesicle
(Figure 2C). It is possible that the ARBSs responsible for Fut1 are too far away to be detected or,
alternatively, that Fut1 expression may be indirectly regulated by androgen in the caput epididymis.
Two castration models were used in the current study: a time-curve model and the “7 days + 2 days”
castration model. Results from the time-curve model showed a change in gene expression levels
throughout; however, a major drawback of this model is the lack of a true negative control, which is
found in the “7 days + 2 days” castration model. Other factors that may have affected the results of
these models must also be considered. Fut4 mRNA was upregulated in castrated males following
androgen administration in the epididymis (Figure 2A), vas deferens (Figure 2B) and seminal vesicle
(Figure 2C). However, there was an unexpected increase in gene expression from day 5 to day 7 of
androgen replacement after castration (Figure 1E). It has been documented that the epithelial cell of
caput epididymis was significantly influenced and was going through inflammation and apoptosis at
12 days after removing the testis [18]. Fut4 mRNA was reported to be increased in inflammation [19]
and cell death [20,21]. Therefore it is possible that from the fifth day of androgen replacement, which
is the 12th day after castration, the upregulation of Fut4 mRNA by inflammation and apoptosis
overwhelmed the downregulation of Fut4 mRNA in response to the drop of androgen.
The diversity of androgen-dependent regulation of these fucosyltransferases may partially explain
the characteristic distribution of each fucosyltransferase response for LeX/LeY biosynthesis in the
male reproductive tract. In mouse caput epididymis, Fut1 mRNA and Fut4 mRNA are upregulated
(Figure 1E), while Fut2 mRNA and Fut9 mRNA are downregulated (Figure 1D) by androgen. This
different response to androgen may partially explain why Fut1 and Fut4 are highly expressed and
control the expression of LeY and LeX in the caput epididymis, while Fut2 and Fut9 are not [8],
although Fut1 and Fut2 play the same role in α(1,2) fucosylation, as well as Fut4 and Fut9 playing the
same role in α(1,3) fucosylation. Fut4 mRNA was upregulated by androgen in vas deferens and
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seminal vesicle (Figure 2B,C), which corresponds to the dominant expression of Fut4 and LeX/LeY
biosynthesis controlled by Fut4 in these two organs [8]. Fut2 mRNA was upregulated by androgen in
seminal vesicle and prostate (Figure 2C,D); this is also in agreement with the dominant expression of
Fut2 and LeX/LeY biosynthesis controlled by Fut2 in seminal vesicle and the coagulating gland (the
anterior lobe of the prostate) [8].
In order to relate our findings to human investigations, it is necessary to consider that humans also
express other fucosyltransferases (Fut3, 5 and 6) compared to mice. These fucosyltransferases may
also contribute to fucosylation in the male reproductive tract and may confound the contribution of
either Fut4 or Fut9. Further investigations are required to determine if Fut3, Fut5 and Fut6 expressions
in the human reproductive tract are also androgen-dependent and differentially regulated.
3. Experimental Section
3.1. Animals
Male C57BL/6 mice were used in this study. The mice were housed in the Experimental Animal
Center of the Chinese Academy of Science (Shanghai, China).
3.2. Mouse Development and Castration Model
In all animals, the epididymides were removed at 1, 2, 3, 4, 8, 15 and 26 weeks after birth.
The time-curve castration model for the epididymis and the “7 days + 2 days” castration models
were conducted following a previously described protocol [14,22]. Briefly, 10-week-old adult male
mice were castrated bilaterally under sodium pentobarbital anesthesia. For the time curve model of the
epididymis, the mice were dividedly sacrificed either on days 0, 1, 3 and 5 after castration or 1, 3, 5
and 7 days after a single injection of testosterone propionate (5 μg/g body weight) applied to the 7th
day castrated mice. For the “7 days + 2 days” castration model of the male reproductive tract,
un-castrated mice were used as normal control, and bilaterally castrated mice were sacrificed on day 2
after a single injection of oil or testosterone propionate applied to the 7th day castrated mice, as the oil
control group or TP treated group, respectively. Epididymis, vas deferens, seminal vesicle and all
leaves of prostate (including the coagulating gland) were collected for RNA extraction.
For ChIP-PCR, castrated mice were killed at different times after castration (0 day and 3 days) or
2 days after two injections of testosterone propionate (2.5 mg/day) applied to the 3rd day castrated
mice (3 days + 2 days), and caput epididymis of each group was pooled.
Testosterone content of pooled serum samples was measured by radioimmunoassay (RIA), and the
epididymis samples for each group were pooled for RNA extraction.
3.3. RNA Preparation and Real-Time PCR
Total RNAs were extracted with Trizol (Invitrogen, Carlsbad, CA, USA), following the manufacturer’s
recommendations. The reverse transcription reaction to synthesize cDNA was performed with a
ReverTra Ace-α-TM kit (Toyobo Co., Osaka, Japan), according to the manufacturer’s instructions. The
mRNA level of each Fut in different tissues was determined using real-time PCR with the Quantitect
Synergy Brands (SYBR) Green PCR master mix (Qiagen, Valencia, CA, USA). The primers for
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α (1,2) Fut (Fut1 and Fut2), α (1,3) Fut (Fut4, Fut9 and Fut11) and GAPDH as an internal control are
listed in Table 1.
Table 1. Primers for real time PCR of fucosyltransferases.
Fut1
Fut2
Fut4
Fut9
Fut11
Gapdh

sense: 5' GCATCCGCCCTCATACCT 3'
anti-sense: 5' GCCAGCGAAGACCACATCA 3'
sense: 5' CCCACTTCCTCATCTTTGTCTTT 3'
anti-sense: 5' TTTGAACCGCCTGTAATTCCTT 3'
sense: 5' CAGCCTGCGCTTCAACATC 3'
anti-sense: 5' CGCCTTATCCGTGCGTTCT 3'
sense: 5' ATCCAAGTGCCTTATGGCTTCT 3'
anti-sense: 5' TGCTCAGGGTTCCAGTTACTCA 3'
sense: 5' TAACTTGGAAGACTGCGTTACTG 3'
antisense: 5' GGCTGAGATACTAGCTCCATACC 3'
sense: 5' GGTGAAGCAGGCATCTGAGGG 3'
anti-sense: 5' GGTGGGTGGTCCAGGGTTT 3'

3.4. AR-Binding Site Searching and ChIP-PCR
The AR-binding regions of fucosyltransferases were taken from the ChIP-seq data library [12].
Genomatix Region Miner release 3.2 [16] was used to map potential AR-binding sites (ARBSs) and,
subsequently, the AR-binding regions around the fucosyltransferase.
ChIP assays were performed on the mouse caput epididymis and prostate as described [12]. Adult
male mice were sacrificed, and the caput epididymis was excised and finely minced in phosphate
buffer saline (PBS). After washing twice with PBS to remove epididymal lumen fluid and sperm,
tissue was cross-linked in 1% formaldehyde at room temperature for 10 min. Tissue was pelleted,
washed and re-suspended in PBS containing protease inhibitors and disaggregated on ice using
50 strokes of a glass homogenizer. Nuclei were collected and sonicated to yield 100–300 bp DNA
fragments. Lysates were pre-cleared with Protein A beads (sc-2001, Santa Cruz Biotechnology, Santa
Cruz, CA, USA) at 4 °C for 2 h before an overnight incubation with anti-AR (H-280, sc-13062,
Santa Cruz Biotechnology, Santa Cruz, CA, USA) or normal rabbit IgG. After a short incubation with
Protein A beads, chromatin-antibody-bead complexes were washed twice with low salt buffer
containing 0.1% sodium dodecyl sulfate, 1% Triton X-100, 2 mM ethylene diamine tetraacetic
acid (EDTA), 20 mM Tris-HCl (pH 8.1) and 0.15 M NaCl, twice with the same buffer, except
containing 0.5 M NaCl, twice with lithium chloride buffer containing 0.25 M LiCl, 1% Nonidet P-40,
1% deoxycholate, 1mM EDTA and 10 mM Tris-HCl (pH 8.1) and three times with 1 mM EDTA and
10 mM Tris-HCl (pH 8.1). Chromatin was eluted with elution buffer containing 1% sodium dodecyl
sulfate and 0.1 M NaHCO3 before reversal of the cross-links with Proteinase K (Invitrogen, Carlsbad,
CA, USA) at 65 °C for 4 h. DNA was purified using two rounds of phenol-chloroform extraction and
ethanol precipitation and resolved in optimal volume of double-distilled H2O. Anti-AR (H-280,
sc-13062, Santa Cruz Biotechnology, Santa Cruz, CA, USA) and normal rabbit IgG (sc-2027)
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) were used for ChIP. DNA samples from ChIP
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preparations were analyzed by PCR (ChIP-PCR). Primers listed in Table 2 were used to amplify a
90- to 150-bp region around the ARBS.
Table 2. Primers for ChIP-PCR.

Fut1

Fut2

Fut4

Fut9

1 sense: 5' AAAGAAGAAGAAGAAGAAGAAGAAG 3'
anti-sense: 5' CATTTTGGGCTCTGATAAAGCA 3'
2 sense: 5' AGGATGTTGCATCCTGGTTTGG 3'
anti-sense: 5' CTCTGTCCCACAGCCTCACTTTGA 3'
3 sense: 5' ACTCTAGATCTCATCCATTCCATCA 3'
anti-sense: 5' ACAGCCATTCACTTTGCCTGAG 3'
1 sense: 5' CCCTCTACCAAAGGAGCATTC 3'
anti-sense: 5' AACACCAAGTGGAGACGTTCAG 3'
2 sense: 5' AAACCTGCAATTCCAGCCAC 3'
anti-sense: 5' CGTGAATCTTGTGTGATGACCG 3'
3 sense: 5' TGTTATCCGGCCCATTGTGT 3'
anti-sense: 5' GGGTTACTGGAGCATAGCGC 3'
1 sense: 5' CGTGTGCTGGGATTACAGATACA 3'
anti-sense: 5' CAAGGACTTAACAAGGCAGGGG 3'
2 sense: 5' CTGCTTTGTGCTTTCTCTTTTGCT 3'
anti-sense: 5' ATATTCATTTTCCTGAACACCCAC 3'
1 sense: 5' GACTGCATGGAGCTCTCTGGAAG 3'
anti-sense: 5' AAGATAGCCACATAACCAAACCCA 3'
2 sense: 5' ATGTTGGCTTTGGTTCATGTCT 3'
anti-sense: 5' GCATTCAGTCCTCTGCTATTCAA 3'
3 sense: 5' TGTCTCCCAGGAACAGTTTGTAATA 3'
anti-sense: 5' CTTGCCAGCAGTAGTTTCCTATCA 3'

3.5. Luciferase Reporter Assay
Fut4 and Fut9 AR-binding regions were cloned into plasmid with firefly luciferase (PGL3) basic
and PGL3-promoter luciferase reporter vectors, respectively. Then, the key G/Cs in ARBS sequences
were mutated to A/Ts. The primers for cloning and mutation are listed in Tables 3 and 4. CHO cells
were grown in 96-well plates and co-transfected with 150 ng reporter constructs, 15 ng plasmid with
renilla luciferase and thymidine kinase promoter (pRL-TK) and 15 ng pcDNA3.1-AR expression
vector coding for full-length human AR by using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA).
After overnight transfection, cells were treated with 100 nM dihydrotestosterone (DHT) or ethanol
vehicle for 24 h. Luciferase activities were measured using the dual-luciferase reporter assay
(Promega, Madison, WI, USA) and a Mithras LB940 multimode microplate reader (Berthold,
Bad Wildbad, Germany).
Table 3. Primers for sub-clones of Fut4 and Fut9 AR-binding regions.
Fut4
Fut9

sense: 5' CCAGGTACCTCTATTCTCTATTGCTAC 3'
antisense: 5' CAAGAGCTCAATCTCAGATTCCACT 3'
sense: 5' AGGTACCTCTCTGGAAGAAACAAAGA 3'
antisense: 5' ACCGAGCTCACGCATTTATTTTTAG 3'
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Table 4. Primers for Fut4 and Fut9 mutations.

1 sense
antisense
Fut4
2 sense
antisense
1 sense
antisense
2 sense
Fut9

antisense
3 sense
antisense

5'TACCTAGGTCCTGTAAGTCAACATAGCAATCAAAATATTGCTTTATTAAATAGCAATA
CATTACCCATTGAGTCATCTGGCC-3'
5'GGCCAGATGACTCAATGGGTAATGTATTGCTATTTAATAAAGCAATATTTTGATTGCTA
TGTTGACTTACAGGACCTAGGTA-3'
5'TTCACTGACCTTAAGTTGGTACAGTCAATATAAGAATGTATTATGACTATATTCTTCCT
TGAGTGAAGAGGTAATG-3'
5'CATTACCTCTTCACTCAAGGAAGAATATAGTCATAATACATTCTTATATTGACTGTACC
AACTTAAGGTCAGTGAA-3'
5'-GAGCTGTGAAAGAAGCTCAGATCAACTATGACATCTGAAAAGCACAGTCTTT-3'
5'-AAAGACTGTGCTTTTCAGATGTCATAGTTGATCTGAGCTTCTTTCACAGCTC-3'
5'-ATGTTGGCTTTGGTTCATGTCTCCCAGTAAAAGTTTATAATACAATATAATTGGCAATTG
AAATG-3'
5'-CATTTCAATTGCCAATTATATTGTATTATAAACTTTTACTGGGAGACATGAACCAAAGCC
AACAT-3'
5'-AATAGAACTAAAGTTGAATAGCAGATGAATGAATACATGGGTCTTGAAGCTATGTG
TCTC-3'
5'-GAGACACATAGCTTCAAGACCCATGTATTCATTCATCTGCTATTCAACTTTAGTTCTATT-3'

4. Conclusions
Our study showed that androgen could differentially regulate the expression of fucosyltransferases
in the caput epididymis, vas deferens, seminal vesicle and prostate. These data may partially explain
the characteristic distribution of each fucosyltransferase responsible for LeX/LeY biosynthesis in the
male reproductive tract.
Acknowledgements
We thank Xuan Zhou and Jian Fang for their contribution in the development and castration
mice models.
This work was supported by grants from the National Key Basic Research Program (973 Program)
(2009CB941701), the National Natural Science Foundation of China (30930053 and 31171115), and
the Chinese Academy of Sciences (CAS) Knowledge Creative Program (Grant No. KSCX2-EW-R-07).
Conflicts of Interest
The authors declare no conflict of interest.
Reference
1.
2.

Becker, D.J.; Lowe, J.B. Fucose: Biosynthesis and biological function in mammals. Glycobiology
2003, 13, 41R–53R.
Ma, B.; Simala-Grant, J.L.; Taylor, D.E. Fucosylation in prokaryotes and eukaryotes.
Glycobiology 2006, 16, 158R–184R.

Int. J. Mol. Sci. 2013, 14
3.

4.

5.

6.

7.

8.

9.

10.
11.

12.

13.
14.
15.

16.

23201

Domino, S.E.; Zhang, L.; Gillespie, P.J.; Saunders, T.L.; Lowe, J.B. Deficiency of reproductive
tract α(1,2)fucosylated glycans and normal fertility in mice with targeted deletions of the Fut1 or
Fut2 α(1,2)fucosyltransferase locus. Mol. Cell. Biol. 2001, 21, 8336–8345.
Homeister, J.W.; Thall, A.D.; Petryniak, B.; Maly, P.; Rogers, C.E.; Smith, P.L.; Kelly, R.J.;
Gersten, K.M.; Askari, S.W.; Cheng, G.; et al. The α(1,3)fucosyltransferases Fuct-iv and
Fuct-vii exert collaborative control over selectin-dependent leukocyte recruitment and lymphocyte
homing. Immunity 2001, 15, 115–126.
Kudo, T.; Kaneko, M.; Iwasaki, H.; Togayachi, A.; Nishihara, S.; Abe, K.; Narimatsu, H.
Normal embryonic and germ cell development in mice lacking α 1,3-fucosyltransferase ix (Fut9)
which show disappearance of stage-specific embryonic antigen 1. Mol. Cell. Biol. 2004,
24, 4221–4228.
Weston, B.W.; Hiller, K.M.; Mayben, J.P.; Manousos, G.; Nelson, C.M.; Klein, M.B.;
Goodman, J.L. A cloned cd15s-negative variant of hl60 cells is deficient in expression of Fut7
and does not adhere to cytokine-stimulated endothelial cells. Eur. J. Haematol. 1999, 63, 42–49.
Mollicone, R.; Moore, S.E.; Bovin, N.; Garcia-Rosasco, M.; Candelier, J.J.; Martinez-Duncker, I.;
Oriol, R. Activity, splice variants, conserved peptide motifs, and phylogeny of two new
α1,3-fucosyltransferase families (Fut10 and Fut11). J. Biol. Chem. 2009, 284, 4723–4738.
Wang, C.; Huang, C.; Gu, Y.; Zhou, Y.; Zhu, Z.; Zhang, Y. Biosynthesis and distribution of
Lewis X- and Lewis Y-containing glycoproteins in the murine male reproductive system.
Glycobiology 2011, 21, 225–234.
Jones, R.; Brown, C.R.; von Glos, K.I.; Parker, M.G. Hormonal regulation of protein synthesis in
the rat epididymis. Characterization of androgen-dependent and testicular fluid-dependent
proteins. Biochem. J. 1980, 188, 667–676.
Hinton, B.T.; Lan, Z.J.; Rudolph, D.B.; Labus, J.C.; Lye, R.J. Testicular regulation of epididymal
gene expression. J. Reprod. Fertil. 1998, 53, 47–57.
Ezer, N.; Robarie, B. Androgenic Regulation of the Structure and Function of the Epididymis. In
The Epididymis: From Molecules to Clinical Practice; Robaire, B., Hinton, B.T., Eds.; Kluwer
Academic/Plenum Publishers: New York, NY, USA, 2002; pp. 297–316.
Hu, S.; Yao, G.; Guan, X.; Ni, Z.; Ma, W.; Wilson, E.M.; French, F.S.; Liu, Q.; Zhang, Y.
Research resource: Genome-wide mapping of in vivo androgen receptor binding sites in mouse
epididymis. Mol. Endocrinol. 2010, 24, 2392–2405.
Pearl, C.A.; Berger, T.; Roser, J.F. Estrogen and androgen receptor expression in relation to
steroid concentrations in the adult boar epididymis. Domest. Anim. Endocrinol. 2007, 33, 451–459.
Chauvin, T.R.; Griswold, M.D. Androgen-regulated genes in the murine epididymis.
Biol. Reprod. 2004, 71, 560–569.
Barkley, M.S.; Goldman, B.D. A quantitative study of serum testosterone, sex accessory
organ growth, and the development of intermale aggression in the mouse. Horm. Behav. 1977, 8,
208–218.
Genomatix.
Genomatix
Region
Miner
Release
3.2.
Available
online:
http://www.genomatix.de/index.html (accessed on 7 November 2013).

Int. J. Mol. Sci. 2013, 14

23202

17. Sipila, P.; Krutskikh, A.; Pujianto, D.A.; Poutanen, M.; Huhtaniemi, I. Regional expression of
androgen receptor coregulators and androgen action in the mouse epididymis. J. Androl. 2011, 32,
711–717.
18. Takagi-Morishita, Y.; Kuhara, A.; Sugihara, A.; Yamada, N.; Yamamoto, R.; Iwasaki, T.;
Tsujimura, T.; Tanji, N.; Terada, N. Castration induces apoptosis in the mouse epididymis during
postnatal development. Endocr. J. 2002, 49, 75–84.
19. Delmotte, P.; Degroote, S.; Lafitte, J.J.; Lamblin, G.; Perini, J.M.; Roussel, P. Tumor necrosis
factor α increases the expression of glycosyltransferases and sulfotransferases responsible for the
biosynthesis of sialylated and/or sulfated Lewis X epitopes in the human bronchial mucosa.
J. Biol. Chem. 2002, 277, 424–431.
20. Azuma, Y.; Ito, M.; Taniguchi, A.; Matsumoto, K. Expression of cell surface Lewis X and Y
antigens and Fut4 mRNA is increased in jurkat cells undergoing apoptosis. Biochim. Biophys.
Acta. 2004, 1672, 157–163.
21. Azuma, Y.; Kurusu, Y.; Sato, H.; Higai, K.; Matsumoto, K. Increased expression of Lewis X and
Y antigens on the cell surface and Fut4 mrna during granzyme b-induced jurkat cell apoptosis.
Biol. Pharm. Bull. 2007, 30, 655–660.
22. Hu, Y.; Zhou, Z.; Xu, C.; Shang, Q.; Zhang, Y.D.; Zhang, Y.L. Androgen downregulated and
region-specific expression of germ cell nuclear factor in mouse epididymis. Endocrinology 2003,
144, 1612–1619.
© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).

