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研究成果の概要（和文）：　糖尿病網膜症の有病率は糖尿病の罹病期間に関連するため、網膜症患者は増加の傾向にあ
る。さまざまな基礎および臨床研究が行われてきたが、糖尿病網膜症のメカニズムにはいまだ不明な点が多い。しかし
、近年N型糖鎖とよばれる蛋白上の構造変化が多くの疾患病態に関与することが明らかとなってきており、糖尿病網膜
症眼内でのN型糖鎖変化も興味深い点である。
　本検討では、1）糖尿病網膜症患者硝子体中においてN型糖鎖が増加していること、2）シアル酸付加型N型糖鎖が特に
増加しており、全体のプロファイルも変化していること、3）そのシアル酸付加型N型糖鎖には複数のシアル酸転移酵素
が関与することなどを明らかとした。
　

研究成果の概要（英文）：Since the prevalence of diabetic retinopathy, severe ocular complication of 
diabetes, is closely related to the duration of diabetes, with the growing diabetes epidemic the world 
would experience an explosion in the number of patients with DR. However, despite extensive basic 
research and clinical studies, biochemical mechanisms responsible for the pathogenesis of DR remains 
elusive. Lines of evidence have indicated that structural alterations of N-glycans are related to the 
pathogenesis of diseases, and thus the profile changes of N-glycans in ocular diseases such as DR are of 
great interest.
In the present study, we demonstrated that i) the vitreous N-glycan concentration was significantly 
higher in patients with DR than those without diabetes, ii) sialylated N-glycans were increased in the 
vitreous fluid of patients with DR, and iii) high glucose stimulation augmented the sialyltransferases 
ST3GAL1 and ST3GAL4, but not ST6GAL1.

研究分野： 血管細胞生物学
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１．研究開始当初の背景 
	 糖尿病網膜症は壮年期における主要な中
途失明原因であり、本症の視力予後改善は眼
科学分野の責務である。そのため、光凝固術
や硝子体手術、そして抗血管新生療法などの
既存治療法の改良に加えて、本症の予防的介
入につながる新規分子標的の探索は重要で
ある。 
	 近年、核酸、蛋白質に続く第三の鎖状生命
分子として、糖鎖分子が注目されている。ヒ
トゲノム計画によって遺伝子配列が決定さ
れた結果、蛋白質の半数以上が糖鎖修飾を受
けることが明らかとなり、糖鎖修飾は蛋白質
の機能調節に重要な役割を持つ「翻訳後修飾」
の中でも重要な現象として広く認識される
ようになった。蛋白質に結合する糖鎖はセリ
ン/スレオニンの酸素原子を介する O 型糖鎖
とアスパラギン残基の窒素原子を介する N
型糖鎖の 2 種類があるが、特に N型糖鎖は悪
性腫瘍や炎症性疾患などの各種全身疾患に
おいてそのプロファイルの変化が報告され、
その病態への関与が注目されている。また、
erythropoietin や intercellular adhesion 
molecule (ICAM)-1 などの分子は糖鎖構造の
変化によってその機能が亢進すると報告さ
れている。これらの分子は糖尿病網膜症の病
態に関与することがすでに明らかとされて
おり、本疾患においてもこのような病態関連
分子に糖鎖変化が生じているかは大変興味
深い点である。 
	 しかしながら、眼内組織あるいは眼内液な
どの生体試料における糖鎖解析には従来問
題点があった。その問題点とは、1) 糖鎖は
DNA や蛋白質と異なり、polymerase chain 
reaction (PCR)法などで増幅をおこなうこと
ができないため、従来その構造解析には 1 検
体あたり 3〜4 日と長期の解析時間を要して
いたこと、2) 硝子体などの検体量が少ない生
体試料では構造解析や定量化に必要な量を
確保できないこと、などであり、同分野はそ
の煩雑さからあまり検討の進んでいない領
域であった。 
	 この点に関して、研究分担者である西村紳
一郎（北海道大学）らが開発した「定量的糖
鎖解析を 96 検体同時に施行でき、かつ血漿
サンプル１検体を 8 分程度で完了する画期的
な方法、グライコブロッティング法」を応用
することで硝子体サンプル内の糖鎖解析が
可能であることを我々のグループは報告し
た[Inafuku	 S,	 Ishida	 S,	 Graefes	 Arch	 Clin	 
Exp	 Ophthalmol.	 2014]。 
 
２．研究の目的 
	 本研究の目的は、上記グライコブロッティ
ング法変法を用いて糖尿病網膜症(PDR)患者
の硝子体中における糖鎖プロファイルを検
討することである。 
 

３．研究の方法 
（１）糖尿病網膜症患者の血漿および硝子体
における糖鎖構造の定量的解析	 
	 対象は、北海道大学病院で硝子体手術を施
行した PDR 群 17 例(男性 9 例、女性 8 例、平
均年齢63.9±4.4歳)およびnon-DM(黄斑上膜
および黄斑円孔)群	 17 例(男性 7 例、女性 10
例、平均年齢 60.1±6.7 歳)。血液検体は入
院中ルーチンで行なう血液検査の際に、硝子
体液は前述の手術中に採取されるために、対
象患者には本検体採取による追加の侵襲的
検査は生じない。	 
	 採取した血漿中（10ul）における糖鎖をグ
ライコブロッティング法により網羅的な糖
鎖解析をおこなう。この方法は、アミノオキ
シ基やヒドラジド基などのアルデヒド基に
速やかに求核付加する官能基を高密度で表
面に持つビーズを、酵素処理によって予め根
元の蛋白質から切断した糖鎖を含む試料溶
液と反応させ糖鎖のみを担体に共有結合さ
せる。これにより夾雑物を完全に洗浄し糖鎖
のみを精製する[Nishimura	 S	 et	 al.	 Angew.	 
Chem.	 Int.	 Ed.	 2004]。そして得られた糖鎖
をビーズから切り離した後、質量分析に供す
ることで、網羅的な糖鎖解析をおこなう。	 
	 硝子体液および血漿中の N型糖鎖をグライ
コブロッティング法変法によって定量した。	 
	 
（２）糖尿病網膜症患者の血漿および硝子体
における糖鎖構造の網羅的解析	 
	 次に、糖尿病網膜症患者の血漿および硝子
体に含まれる N型糖鎖の構造を網羅的に解析
した。	 
	 
（３）培養網膜血管内皮細胞を用いた糖尿病
網膜症病態におけるシアル酸転移酵素変化
の解析	 
	 糖尿病網膜症患者の血漿および硝子体に
含まれる N型糖鎖の構造を網羅的に解析した
結果、non-DM 群に比較して PDR 群ではシアル
酸付加糖鎖が硝子体中で局所的に増加する
ことが明らかとなったため、そのメカニズム
を in	 vitro 系で検討することとした。ヒト
生体内では糖鎖にシアル酸を付加する酵素
としてα2,3-シアル酸転移酵素(ST3GAL1,	 
ST3GAL4)およびα2,6-シアル酸転移酵素
(ST6GAL1)などが知られているため、これら
について検討した。具体的には、ヒト網膜血
管内皮細胞(HRMEC)を低グルコース（5.0mM）
あるいは高グルコース（25mM）条件下で培養
し、ST3GAL1、ST3GAL4 および ST6GAL1 の mRNA
発現および蛋白量の変化を、それぞれ qPCR
法と ELISA 法を用いて検討した。	 
	 
４．研究成果	 
（１）糖尿病網膜症患者の血漿および硝子体
における糖鎖構造の定量的解析	 



 

 

	 硝子体中で検出された糖鎖はPDR群では30
種類、non-PDR群では13種類であった。また、
硝子体中の蛋白当たりの糖鎖量は PDR 群
(496±37pmol/100µg) で は non-DM 群
(142±31pmol/100µg)と比較して有意に多か
った(図１、P<0.001)。一方、血漿中では両
群に差は認めなかった。また、PDR 群の硝子
体中では蛋白当たりの糖鎖量が 10 種類の糖
鎖で増加していたが、これらの糖鎖は血漿中
では増加していなかった。本検討結果は、糖
尿病網膜症の硝子体中では血漿中とは異な
る糖鎖環境の変化が生じていることを示唆

していた。	 
	 
（２）糖尿病網膜症患者の血漿および硝子体
における糖鎖構造の網羅的解析	 
	 次に、糖尿病網膜症患者の血漿および硝子
体に含まれる N型糖鎖プロファイルを検討し
た。PDR 群の硝子体中におけるシアル酸付加
糖鎖(328.4±25.8pmol/100μg)は、non-DM 群
(92.1±21.2pmol/100μg)と比較して有意に
増加していた(図２、P	 <0.0001)。一方、別
の糖鎖構造、ハイマンノース型糖鎖では差が
なかった(12.4±1.2pmol/100μg	 vs.	 10.9±
2.0pmol/100μg,	 P	 =0.54)	 

	 また、血漿中ではシアル酸付加糖鎖は両群
で差がなかった(625.5±25.9pmol/100μg	 vs.	 
580.3±36.2pmol/100μg,	 P	 =0.32)。	 
	 本検討結果から、PDR 眼ではシアル酸付加糖
鎖が局所的に増加しており、その病態メカニ
ズムへの関与が示唆された。	 
	 
（３）培養網膜血管内皮細胞を用いた糖尿病
網膜症病態におけるシアル酸転移酵素変化
の解析	 
	 	 上記（２）の検討において、PDR 眼ではシ
アル酸付加糖鎖が増加することが明らかと
なったため、そのメカニズムを in	 vitro 実
験系で検討した。結果として、糖負荷刺激群
（25mM）では対照群（5mM）と比較して、刺
激 6、24、72 時間後に ST3GAL1 と ST3GAL4 の
mRNA発現がHRMECにおいて有意に増加してい
た（図３、P	 <0.05）。一方、ST6GAL1	 mRNA の
発現は変化しなかった。	 

	 さらに、刺激 72 時間後における対照群の
ST3GAL1（64.4±5.8pg/mg）および ST3GAL4
（3.8±0.3pg/mg）のタンパク量と比べて、
糖 負 荷 刺 激 群 で は ST3GAL1 （ 117.4 ±
14.9pg/mg,	 P	 <0.01 ）、 ST3GAL4 （ 6.1 ±
0.9pg/mg,	 P	 <0.05）のそれらは有意に増加
していた（図４）。	 

RESULTS

Increase of Total N-glycans in Vitreous Fluid of
Patients With PDR

To determine whether the concentrations of N-glycans are
altered in plasma and vitreous of patients with PDR compared
to patients without diabetes, we analyzed the spectra of N-
glycans in 34 plasma and vitreous fluid samples. In plasma, N-
glycan concentration was not statistically different between
the non-DM group (817.7 6 43.0 pmol/100 lg protein, n¼17)
and the PDR group (878.2 6 36.4 pmol/100 lg protein, n ¼
17, P ¼ 0.29). By contrast, the concentration of N-glycans in
vitreous fluid of PDR patients (495.5 6 37.4 pmol/100 lg
protein, n ¼ 17) was significantly higher than in non-DM
patients (142.7 6 30.8 pmol/100 lg protein, n ¼ 17, P <
0.005, Fig. 1). However, when the patients with PDR were
divided into two groups based on the levels of glycated
hemoglobin (HbA1c), according to the general treatment target
7.0%, there was no statistically significant difference in N-
glycan concentration in plasma (882.9 6 46.6 vs. 874.0 6 57.6
pmol/100 lg protein, P ¼ 0.91) and vitreous fluid (526.5 6
62.6 vs. 468.0 6 45.1 pmol/100 lg protein, P¼ 0.46) between
the groups. Furthermore, no significant difference was found
in N-glycan concentration in plasma (857.5 6 43.8 vs. 892.6 6
55.3 pmol/100 lg protein, P¼ 0.65) and vitreous fluid (490.0
6 53.7 vs. 499.4 6 53.6 pmol/100 lg protein, P ¼ 0.91)
between males and females.

Alteration of N-glycan Profiles in Vitreous Fluid of
Patients With PDR

Next, to investigate the alteration of N-glycan profiles under
diabetic conditions, structures of N-glycans were analyzed in
plasma (Table 2) and vitreous fluid (Table 3) obtained from
patients with PDR and those without diabetes. Thirteen
sialylated N-glycans were identified in the vitreous fluid from
both groups, and the total concentration of sialylated N-glycans
in the vitreous fluid of the PDR group (328.4 6 25.8 pmol/100
lg protein, n¼17) was significantly higher compared with that
of the non-DM group (92.1 6 21.2 pmol/100 lg protein, n ¼
17, P < 0.0005, Fig. 2). There was no significant difference in
plasma concentration of sialylated N-glycans between the non-
DM group (580.3 6 36.2 pmol/100 lg protein, n¼ 17) and the
PDR group (625.5 6 25.9 pmol/100 lg protein, n ¼ 17, P ¼
0.32). Similar to the total N-glycan concentration, when the
patients with PDR were divided into two groups based on the
levels of HbA1c (7.0%), there was no statistically significant
difference in sialylated N-glycan concentration in plasma
(632.0 6 48.0 vs. 619.8 6 27.2 pmol/100 lg protein, P ¼

0.83) and vitreous fluid (331.8 6 49.3 vs. 325.4 6 25.0 pmol/
100 lg protein, P ¼ 0.91) between the groups.

As for high-mannose N-glycans, five N-glycans with high-
mannose structure were detected in the vitreous fluid obtained
from both non-DM and PDR patients, and there was no
significant difference in the total concentration of high-
mannose N-glycans between non-DM (10.9 6 2.0 pmol/100
lg protein, n¼ 17) and PDR (12.4 6 1.2 pmol/100 lg protein,
n¼ 17, P ¼ 0.54).

Impact of High-Glucose Stimulation on
Sialyltransferases in HRMECs

The current data showed that sialylated N-glycans were
exclusively increased in the vitreous fluid of PDR, indicating
the possibility that sialylation is induced in eyes with DR;
therefore, to investigate the mechanism underlying sialylated
N-glycan elevation in the vitreous of PDR, mRNA expression
levels of sialyltransferases including ST3GAL1, ST3GAL4, and
ST6GAL1 under high-glucose conditions were analyzed using
real-time PCR. The expression level of ST3GAL1 mRNA in
HRMECs was significantly increased at 6, 24, and 72 hours after
maintenance of cultivation with culture media containing 25
mM glucose in comparison with HRMECs cultivated with
culture media containing 5 mM glucose (Fig. 3A). Similarly,
mRNA expression of ST3GAL4 was significantly increased in 6,
24, and 72 hours in HRMECs under high-glucose conditions
(Fig. 3B). By contrast, ST6GAL1 expression showed no
upregulation when stimulated with culture media containing
25 mM glucose (Fig. 3C).

Concurrent with the real-time PCR data, the protein level of
ST3GAL1 (117.4 6 14.9 pg/mg total protein, n ¼ 5) was
increased in the cell lysates of HRMECs cultured under high-
glucose conditions (25 mM glucose) compared with those
cultured under normal glucose conditions (64.4 6 5.8 pg/mg
total protein, n¼ 4, P < 0.01, Fig. 4A). Likewise, protein level
of ST3GAL4 was significantly increased in the cell lysates of
HRMECs when stimulated with 25 mM glucose (6.1 6 0.9 pg/
mg total protein, n¼ 5) compared with 5 mM glucose (3.8 6
0.3 pg/mg total protein, n ¼ 4, P < 0.05, Fig. 4B).

DISCUSSION

In the present study, we demonstrated that the vitreous N-
glycan concentration was significantly higher in patients with
DR than in those without diabetes; that sialylated N-glycans
were increased in the vitreous fluid of patients with DR; and
that high-glucose stimulation augmented the sialyltransferases
ST3GAL1 and ST3GAL4, but not ST6GAL1.

Previously, we reported that there was no significant
difference of concentration and profile of N-glycans in the
vitreous between MH and ERM, or between males and
females.7 The previous data demonstrated that vitreous fluid
samples obtained from patients with MH and ERM may be used
as a control group in N-glycan analysis of vitreous samples from
eyes with DR, similarly to protein analysis. In this study,
compared with the control group, vitreous N-glycan concen-
tration per protein unit was increased in the PDR group. It has
been demonstrated that the N-glycan profile is changed in
patients with diabetes. For instance, N-glycan structures on
proteins such as a1-acid glycoprotein were changed in patients
with diabetes.10 In addition, N-glycan concentration is elevated
in tear fluid obtained from diabetic patients.11 Previous data
and the current data indicate that N-glycan synthesis undergoes
profound changes in the body, including the eyes, with the
development of diabetes.

FIGURE 1. Comparison of N-glycan concentrations between non-DM
group and PDR group. Total N-glycan concentration in the vitreous
fluid obtained from non-DM and PDR patients. n¼17 each; *P < 0.005.
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図１：硝子体中 N型糖鎖量	 

	 non-DM 群と比較して、PDR 群の硝子体中で

は N型糖鎖が増加していた。	 

図２：硝子体中シアル酸付加 N型糖鎖	 

	 non-DM 群と比較して、PDR 群の硝子体中で

はシアル酸付加 N型糖鎖が増加していた。	 

a2,3-sialylation contributes to the increase of sialylated N-
glycans and plays a role in eyes with PDR.

Little information is available regarding the relevance of
sialylation in DR. However, it was previously reported that
inflammation upregulated the expression level of ST3GAL1 in
mice.15 In addition, increased a2,3-sialic acid residues on N-
glycans are a common feature during neural cell apoptosis.16

More interestingly, a recent study showed that vascular
endothelial growth factor (VEGF) enhances ST3GAL1 expres-
sion.17 The emerging evidence suggests a role of a2,3-
sialylation in the pathogenesis of DR. Further studies are
expected to elucidate the pathophysiological implications of
a2,3-sialylation in DR.

Recently, it was reported that glucose depletion reduced
glycan precursors and decreased sialylation on monoclonal
antibody secreted by CHO cells.18 In addition, the current data
showed an increase of sialyltransferases caused by glucose
stimulation; it is possible that glucose level is associated with
alteration of N-glycan profiles in patients with diabetes.
However, due to the glycemic control before surgery, in the
present study HbA1c levels in patients with PDR were in a
narrow range, and correlation between N-glycan concentration
and HbA1c levels could not be analyzed. The relationship
between glucose and N-glycan profile remains to be elucidated.

The present study showed an increase of N-glycans, in
particular sialylated N-glycans, in the vitreous of patients with
DR compared to patients without diabetes; however, it is likely

that complex and diverse causes affect the N-glycan profiles in
eyes with DR. For instance, retinal parenchyma and vascular
endothelial cells are exposed to an excessive amount of
glucose due to elevated glucose levels in the vitreous19 and
hyperglycemia in patients with DR. Therefore, the upregu-
lation of sialyltransferases in cultured retinal vascular endothe-
lial cells under high-glucose conditions, demonstrated in this
study, might be related to the increase of sialylated N-glycans in
the vitreous fluid of eyes with PDR. However, along with the
exacerbation of ischemia caused by retinal capillary non-

TABLE 3. N-Glycan Profile in Vitreous Fluid of Non-DM and PDR

m/z

Non-DM, PDR,

P Value

Fold

pmol/100 lg pmol/100 lg Difference

High-mannose N-glycans

1502 (Hex)1 þ (Man)3 (GlcNac)2 0.2 6 0.1 0.1 6 0.0 0.21 0.5
1664 (Hex)2 þ (Man)3 (GlcNac)2 8.4 6 1.5 9.6 6 1.0 0.53 1.1
1826 (Hex)3 þ (Man)3 (GlcNac)2 1.7 6 0.3 2.3 6 0.3 0.15 1.3
1988 (Hex)4 þ (Man)3 (GlcNac)2 0.4 6 0.1 0.2 6 0.0 <0.05 1.9
2312 (Hex)6 þ (Man)3 (GlcNac)2 0.2 6 0.1 0.2 6 0.0 0.73 0.9

Sialylated N-glycans

1848 (HexNAc)1 (NeuAc)1 þ (Man)3 (GlcNac)2 0.2 6 0.1 0.4 6 0.0 <0.05 2.4
2010 (Hex)1 (HexNAc)1 (NeuAc)1 þ (Man)3 (GlcNac)2 0.4 6 0.1 0.7 6 0.1 <0.05 2.1
2172 (Hex)2 (HexNAc)1 (NeuAc)1 þ (Man)3 (GlcNac)2 0.4 6 0.1 0.4 6 0.1 0.81 1.0
2375 (Hex)2 (HexNAc)2 (NeuAc)1 þ (Man)3 (GlcNac)2 3.8 6 1.0 17.2 6 1.9 <0.0001 4.5
2521 (Hex)2 (HexNAc)2 (Deoxyhexose)1 (NeuAc)1 þ (Man)3 (GlcNac)2 4.0 6 1.0 10.7 6 1.2 <0.001 2.7
2562 (Hex)1 (HexNAc)3 (Deoxyhexose)1 (NeuAc)1 þ (Man)3 (GlcNac)2 0.9 6 0.3 0.8 6 0.1 0.7 1.0
2578 (Hex)2 (HexNAc)3 (NeuAc)1 þ (Man)3 (GlcNac)2 0.1 6 0.1 0.5 6 0.2 <0.05 4.8
2681 (Hex)2 (HexNAc)2 (NeuAc)2 þ (Man)3 (GlcNac)2 59.5 6 14.9 247.2 6 19.5 <0.0001 4.2
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1746 (HexNAc)2 þ (Man)3 (GlcNac)2 0.4 6 0.1 0.8 6 0.3 0.19 1.9
1892 (HexNAc)2 (Deoxyhexose)1 þ (Man)3 (GlcNac)2 11.7 6 2.9 59.9 6 9.2 <0.001 4.9
1908 (Hex)1 (HexNAc)2 þ (Man)3 (GlcNac)2 0.5 6 0.2 1.4 6 0.2 <0.01 2.5
1949 (HexNAc)3 þ (Man)3 (GlcNac)2 0.4 6 0.1 0.5 6 0.1 0.56 1.2
2054 (Hex)1 (HexNAc)2 (Deoxyhexose)1 þ (Man)3 (GlcNac)2 11.7 6 2.6 49.2 6 5.4 <0.001 4.2
2070 (Hex)2 (HexNAc)2 þ (Man)3 (GlcNac)2 0.7 6 0.2 1.3 6 0.1 <0.01 1.8
2095 (HexNAc)3 (Deoxyhexose)1 þ (Man)3 (GlcNac)2 4.9 6 1.1 10.0 6 1.1 <0.01 2.0
2111 (Hex)1 (HexNAc)3 þ (Man)3 (GlcNac)2 0.3 6 0.1 0.6 6 0.1 0.1 1.8
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2257 (Hex)1 (HexNAc)3 (Deoxyhexose)1 þ (Man)3 (GlcNac)2 3.8 6 0.9 11.9 6 1.5 <0.001 3.1
2419 (Hex)2 (HexNAc)3 (Deoxyhexose)1 þ (Man)3 (GlcNac)2 0.9 6 0.3 2.2 6 0.3 <0.01 2.3

FIGURE 2. Alteration of N-glycan profiles in the vitreous fluid of PDR.
Concentration of sialylated N-glycans in the vitreous fluid of non-DM
and PDR patients. n ¼ 17 each; *P < 0.0005.
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decreased, which presumably causes suppression of sialyl-
transferase expression in retinal vascular endothelial cells.
Therefore, it is conceivable that, apart from the increase in
sialylation, other mechanisms elevate the levels of sialylated N-
glycans in eyes with PDR, for instance, a decrease in the rate of
metabolic breakdown or turnover of the sialylated N-glycans,
as well as differences in active transport of these different N-
glycans. Moreover, since vascular permeability is increased in
eyes with DR, involvement of serum protein infiltration in eyes
with DR cannot be completely discounted. Further studies are
required to address these unresolved issues.

In summary, the current study for the first time demon-
strates an alteration of glycosylation, in particular sialylation,
on the peptide chain in the vitreous of patients with DR.
Whereas further studies are still necessary to elucidate the

mechanism(s) by which sialylated N-glycans are increased in
ocular tissues under diabetic conditions, the current study
suggests the importance of qualitative as well as quantitative
analysis of proteins in ocular tissue samples.
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mRNA 発現誘導。	 

perfusion in eyes with DR, glucose supply is supposed to be
decreased, which presumably causes suppression of sialyl-
transferase expression in retinal vascular endothelial cells.
Therefore, it is conceivable that, apart from the increase in
sialylation, other mechanisms elevate the levels of sialylated N-
glycans in eyes with PDR, for instance, a decrease in the rate of
metabolic breakdown or turnover of the sialylated N-glycans,
as well as differences in active transport of these different N-
glycans. Moreover, since vascular permeability is increased in
eyes with DR, involvement of serum protein infiltration in eyes
with DR cannot be completely discounted. Further studies are
required to address these unresolved issues.

In summary, the current study for the first time demon-
strates an alteration of glycosylation, in particular sialylation,
on the peptide chain in the vitreous of patients with DR.
Whereas further studies are still necessary to elucidate the

mechanism(s) by which sialylated N-glycans are increased in
ocular tissues under diabetic conditions, the current study
suggests the importance of qualitative as well as quantitative
analysis of proteins in ocular tissue samples.

Acknowledgments

The authors thank Ikuyo Hirose, Shiho Yoshida, Erdal Tan Ishizuka,
and Kazue Okada for their skillful technical assistance on this
project.

Supported by Japan Society for the Promotion of Science
KAKENHI Grants 24659754 and 26670749 and JSPS Core-to-Core
Program, B. Asia-Africa Science Platforms. The authors alone are
responsible for the content and writing of the paper.

Disclosure: S. Inafuku, None; K. Noda, None; M. Amano, None;
T. Ohashi, None; C. Yoshizawa, None; W. Saito, None; M.
Murata, None; A. Kanda, None; S.-I. Nishimura, None; S.
Ishida, None

References

1. Zimmet P, Alberti KG, Shaw J. Global and societal implications
of the diabetes epidemic. Nature. 2001;414:782–787.

2. Kahn HA, Bradley RF. Prevalence of diabetic retinopathy. Age,
sex, and duration of diabetes. Br J Ophthalmol. 1975;59:345–
349.

3. Varki A. Essentials of Glycobiology. Cold Spring Harbor, NY:
Cold Spring Harbor Laboratory Press (Bethesda National
Center for Biotechnology Information); 1999.

4. Kamiyama T, Yokoo H, Furukawa J, et al. Identification of novel
serum biomarkers of hepatocellular carcinoma using glycomic
analysis. Hepatology. 2013;57:2314–2325.

FIGURE 3. Impact of high-glucose stimulation on sialyltransferase
expression in HRMECs. Bars represent real-time polymerase chain
reaction (PCR) analysis of (A) ST3GAL1, (B) ST3GAL4, and (C)
ST6GAL1 at 6, 24, and 72 hours after maintenance in culture media
containing 25 mM glucose. n ¼ 5 or 6 each; *P < 0.05.

FIGURE 4. Impact of high-glucose stimulation on protein levels of
sialyltransferases in HRMECs. Bars indicate average protein levels of
(A) ST3GAL1 (n¼4 or 5; *P < 0.01) and (B) ST3GAL4 (n¼4 or 5; *P <
0.05) in the cell lysates of HRMECs 72 hours after stimulation with high
glucose (25 mM).

Alteration of N-Glycan Profiles in DR IOVS j August 2015 j Vol. 56 j No. 9 j 5321

Downloaded From: http://iovs.arvojournals.org/pdfaccess.ashx?url=/data/Journals/IOVS/934287/ on 08/16/2015



 

 

	 
	 本検討結果から、PDR 硝子体中でのシアル
酸含有 N 型糖鎖の増加には、ST3GAL1 および
ST3GAL4 が関与している可能性が示された。	 
	 
	 本研究によって、PDR 患者の眼内では糖尿
病を有さない non-DM 患者の眼内に比べて N
型糖鎖が量的に変化していること、そして質
的にもシアル酸付加糖鎖の増加によるプロ
ファイル変化が生じていること、などが明ら
かとなった。さらに、その糖鎖プロファイル
変化には糖負荷条件によって誘導されたシ
アル酸転移酵素が関与している可能性が示
された。これらの検討結果は、N 型糖鎖の変
化が血管新生疾患である糖尿病網膜症の病
態に関与することを強く示唆しており、今後
引き続き検討を続ける予定である。	 
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perfusion in eyes with DR, glucose supply is supposed to be
decreased, which presumably causes suppression of sialyl-
transferase expression in retinal vascular endothelial cells.
Therefore, it is conceivable that, apart from the increase in
sialylation, other mechanisms elevate the levels of sialylated N-
glycans in eyes with PDR, for instance, a decrease in the rate of
metabolic breakdown or turnover of the sialylated N-glycans,
as well as differences in active transport of these different N-
glycans. Moreover, since vascular permeability is increased in
eyes with DR, involvement of serum protein infiltration in eyes
with DR cannot be completely discounted. Further studies are
required to address these unresolved issues.

In summary, the current study for the first time demon-
strates an alteration of glycosylation, in particular sialylation,
on the peptide chain in the vitreous of patients with DR.
Whereas further studies are still necessary to elucidate the

mechanism(s) by which sialylated N-glycans are increased in
ocular tissues under diabetic conditions, the current study
suggests the importance of qualitative as well as quantitative
analysis of proteins in ocular tissue samples.
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