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GnT-lll Counteracts the Effect of GnT-V
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FIGURE 6. Increased product of GnT-lil but decreased product of GnT-V on integrin a3 subunit after transfection of GnT-lll into GnT-V transfectant.
A, whole cell lysates were immunoprecipitated (/P) with anti-a3 antibody, and the resulting immunocomplexes were subjected to 7.5% SDS-PAGE under
reducing conditions. The blots were probed by E,-PHA (top), L,-PHA (middle) and anti-o:3 antibody (bottom), respectively. B, lectin blotting was performed with
E,-PHA and L,-PHA using cell lysates from different transfectants. C, base peak chromatograms and observed m/z values (charge number) obtained by a full
MS1 scan (m/z450-2000) of N-linked oligosaccharides extracted from the gel-separated a3 subunit expressed in transfectants: GnT-lll transfectant (top), GnT-V
transfectant (middle), and GnT=lll plus GnT-V transfectant (bottom). D, deduced structures of peaks 1-11. A, fucose; @, galactose; O, mannose; M, N-acetylglu-

cosamine. WB, Western blot.

the functions of GnT-V by competing for the modification of
the same protein in living cells, resulting in the positive or
negative regulation of its biological functions.

DISCUSSION

It has long been thought that the product of GnT-V, p1,6-
GlcNAc branching of N-glycans, contributes directly to cancer
progression and metastasis (6). Animal studies have shown that
GnT-V-deficient transgenic mice experience attenuated tumor
growth and metastasis (3). In human, the activity and/or
expression of GnT-V is elevated in multiple types of tumors (41,
42), and high levels of these enzymes or their cognate sugars are
correlated with metastasis and a poor patient prognosis (41,
43). In addition, GnT-V-modified cell surface receptors pro-
longed the turnover by inhibiting endocytosis (10) or resistance
to degradation by protease (26). These results suggest that
GnT-V may contribute to cancer metastasis through stabilizing
target proteins. On the other hand, the introduction of GnT-1II
leads to a reduced metastatic potential. Moreover, those trans-
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fectants displayed decreased cell motility and attachment to
laminin and collagen (14). Thus, it appears that GnT-V and
GnT-III regulate cell migration and invasion as well as metas-
tasis in opposite manners. In fact, GnT-III could be considered
to be an antagonist of GnT-V, because bisecting GlcNAc ren-
ders the biantennary substrate inaccessible to GnT-V in vitro
(13).

The 331 integrin is one of the most important proteins that
mediate cell motility and invasion and appears to be one of the
plausible target proteins of GnT-V in promoting cancer metas-
tasis. In fact, Pochec et al. (25) reported that 81,6-branched
structures were highly expressed in high metastatic melanoma,
compared with low metastatic melanoma. In the present study,
we found for the first time that GnT-III and GnT-V competi-
tively modify the same target, integrin o3 subunit, thereby reg-
ulating its functions. We demonstrated that GnT-III transfec-
tion to the GnT-V transfectant resulted in the inhibition of
@31 integrin-mediated cell migration, due to an increase of
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FIGURE 7. Increased cell migration and increased GnT-V product on a3 subunit in GnT-lll knockdown
cells. A, activities of GnT-lll in GnT-lIl knockdown CHP134 cells. B, mRNA expression of GnT-lll in knockdown
cells. Quantitative analysis was performed by real time PCR. C, cell migration on LN5 (5 nm). Representative
fields were photographed using a phase-contrast microscope. Arrowheads, migrated cells. D, quantification of
migration of mock and GnT-lll knockdown cells. The number of migrated cells were quantified and expressed
as the means = S.D. from three independent experiments. E, whole cell lysates were immunoprecipitated (/P)
with anti-a3 antibody, and the resulting immunocomplexes were subjected to 7.5% SDS-PAGE under reducing
condition. The blots were probed by E,-PHA (top), L,-PHA (middle), and anti-a3 antibody (bottom), respectively.
KD, GnT-Hl knockdown cells.
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FIGURE 8. Hypothetical model for the competition of GnT-lll and GnT-V for integrin o3 subunit modifi-
cation. The product of GnT-V contributes to the promotion of cell migration. The reaction represented by a
dashed line may not be predominant in vivo, whereas it could occur in vitro. On the other hand, the product of
GnT-lll suppresses cell migration. More importantly, this product cannot be utilized as a substrate by GnT-V,
which is represented with a cross. Therefore, @381-mediated cell migration induced by GnT-V can be blocked
due to competition with GnT-lll. O, mannose; M, N-acetylglucosamine.

adhesion (39). Our present study
suggested one more; GnT-III com-
peted with GnT-V for the modifica-
tion of «3 subunit, causing a
decrease in the product of GnT-V
on a3 subunit. Luo et al. (40) had
suggested that the changes in the
glycan structure of integrin can
affect its conformation and activity.
They reported that in CHO-K1
cells, the addition of a glycan at the
B1 I-like domain caused an increase
in the distance between the 31 head
and stalk domains, therefore induc-
ing the integrin dimer to be a more
extended (activated) integrin con-
formation (40). We suggested that
the competition of GnT-III and
GnT-V for the modification of a3
may cause changes in the glycan
within key regions of this integrin,
therefore causing the decreased cell
migration. Details of the effect of
glycans on this integrin are a subject
of further investigation in our future
study.

It is noteworthy that GnT-III and
GnT-V do not always oppositely
regulate all glycoproteins. In this
study, we found that GnT-III trans-
fection causes a similar decrease,
but to a lesser extent, in cell migra-
tion on COL compared with the
result on LN5. However, on COL,
GnT-V transfection did notresult in
an increase in cell migration, com-
pared with mock. This suggested
that 81,6-GIlcNAc modification has
little effect or only mild effects on
a1B1 and @21 integrin, which are
receptors for COL. In fact, we
reported that the introduction of
the bisecting GIcNAc to the a5 sub-
unit resulted in a reduced affinity in

bisecting GIcNAc, but a decreased (31,6-GlcNAc, on the a3
subunit. However, the transfection of the GnT-III inactive
mutant failed to induce such changes. Conversely, the compe-
tition was further confirmed by an RNA interference strategy to
silence GnT-1II in CHP134 cells, which express endogenous
GnT-V and GnT-III. We found .that GnT-III knockdown
resulted in increased GnT-V product on the @3 subunit. Taken
together, to the best of our knowledge, we presented a previ-
ously uncharacterized demonstration of the existence of com-
petition for the same substrate between GnT-III and GnT-V in
living cells (Fig. 8).

Two mechanisms have been proposed for the inhibition of
cell motility by the overexpression of GnT-III: an enhancement
in cell-cell adhesion and the down-regulation of cell-ECM

ry
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the binding of @51 integrin to FN, resulting in a decreased cell
migration (38). We thus assumed that the GnT-III affects the
al, o2, and a3 subunits similarly, which caused the decreased
cell migration on LN5 and COL. However, the modification of
B1,6-GlcNAc to a1 and o2 subunits may not affect their bind-
ing to COL. Considering that w381 integrin is a strong adhesive
receptor that promotes cell migration (37), the selective com-
petition between GnT-III and GnT-V for @3 might play an
important role in cancer metastasis.

Concerning metastasis, other important glycosyltransferases
cannot be overlooked (e.g. sialyltransferases). The modification of
the B1 subunit by sialyltransferase makes this integrin capped
with the negatively charged sugar, sialic acid. The abundance of
sialic acids, especially elevated :2,6-sialylation (44), contributes
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to cell motility and invasion (25, 45—47). Thus, it is possible that
GnT-V mediates at least some of its effects on cell behavior via
increased sialylation (41). The effect of GnT-III on sialylation is
a topic that also merits further exploration.

In conclusion, this study reports for the first time that GnT-
I1I competes with GnT-V for the modification of integrin o3
subunit in living cells (Fig. 8). This competition results in the
inhibition of «3B1 integrin-mediated cell migration induced by
GnT-V. The finding suggests that the competition between
both enzymes occurs not only i vitro but also i# vivo and might
provide a new insight into unraveling the molecular mechanism
of tumor metastasis.
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Table 1 £ FENT7IRI>DL)T¥

Retention time Peptide .
Caleulated |Sequence amino acid Theoretical No. of missed
(min) Peak No.| m#  Charge. MW ] residue MW cleavage

5 1 590.8 +2 1179.7 | TYHSHIDAPK 159-168 1179.6 0
5 1 7984  +2 1594.8 | VDKDNEDFQESNR 227-239 1594.7 1
5 1 5326 3 1594.8

11 2 509.2 +2 1016.5 |QYTDSTER 767-774 1016.5 0

18 3 7839 +2 1565.8 | VNKDDEEFIESNK 926-938 1565.7 1

18 522.9 3 1565.8

20 4 602.3 +2 1209.6 |EYTDASFTNR 408-417 1202.5 0

22 5 4507 42 899.5 {GEFYIGSK 752-759 899.4 0

22 5 626.8 9 19516 [MFTTAPDOVDK 580-590 1251.6 0

23 6 952.4 +2 1902.9 {NNEGTYYSPNYNPOSR 466-481 1902.8 0

24 7 5298 43 1586.8 |ROSEDSTFYLGER 701-713 1586.7 1

24 7 719.1  +3 2154.2 NLASRPYTFHSHGITYYK 92-109 2154.1 0

24 7 7660 +3 " 9999.1 | FNKNNEGTYYSPNYNPQSR 463-481 2292.0 1

27 8 7163  +2 1430.7 |OSEDSTFYLGER 702-713 1430.6 0

27 8 868.0 +2 1733.9 |LVYREYTDASETNR 404-417 1733.8 1

27 9 7364  +2 1470.8 |EVGPTNADPVCLAK 505-518 1470.7 0

27 9 7528 +3 9955.3 | KAEEEHLGILGPQLHADVGDK 780-800 22565.2 1

27 564.8 +4 2255.3 )

27 10 12378  +2 9473.1 IMFTTAPDQVDKEDEDFQE SNK 580-600 2473.1 1

27 8254  +3 2473.1

28 10 11501 +2 9998.9 | KLISVDTEHSNI YLONGPDR 24-43 2298.2 1

28 5756 44 2298.2

29 11 10646 42 2127.1 AREEHLGILGPQLHADVGDK 781-800 2127.1 0

29 7100 3 2127.1

29 532.8 +4 2127.1

29 11 1086.1 +2 9170.1 |LISVDTEHSNIYLONGPDR 25-43 2170.1 0

29 7244 43 2170.1

31 12 550.0  +3 1646.9 |[KALYLQYTDETFR 50-62 1646.8 1

32 13 11030 +2 2204.0 MHSMNGFMYGNQPGLTMCK 601-619 2203.9 a

32 7357  +8 2204.0

34 14 7604 2 1518.8 |[ALYLQTDETER 51-62 1518.7 0

35 15 686.4  +2 1370.8 |GAYPLSIEPIGVR 450-462 1370.8 0

35 15 12662  +2 9530.3 | SVPPSASHVAPTETFTYEWTVPK 482-504 2530.2 0

35 15 12917 43 3872.0 NMATRPYSIHAHGVQTESSTVTPTLPGETLTW 807-841 3871.9 0

35 969.0 +4 3872.1

37 16 8498 +3 9595.3 |HYYIGITETTWDYASDHGEKK 4-24 2525.2 1

39 17 11996 42 2397.2 HYYIGIIETTWDYASDHGEK 4-23 2397.1 0

39 800.1 +3 2397.2

39 6003  +4 2397.2

39 18 836.1  +3 9505.2 | SGAGTEDSACT PWAYYSTVDQOVK 846-868 2506.1 o]

All masses are monoisotopic. The peptides including the potential N -glycosylation site are in bold type. Cystein

Yo, NTFFICHRTLDAAYRFy AL
CHELTWBIESHELIC ks, TDZ LW
L, BENTFFTHoTH, N7F FOEHIZ#ER
TELZENWHLPIIE ST,

E#lc LT, Fig. 4B 0#E~<7FF (£—7 B)
i, =7 F F2fEA4 A (m/z 1011.7) #» &,
Asp735-Lys751 L #EE & N, % DEIIEKDD X
Uy%ﬁVﬁﬁ&éhfwé:k%%%Lt.ﬂg
ACIKFFERTFF (£—7C) o MS/MS A~
7 i, T FA A RUT S PSS
AL AT IR E NG o T2h, yA T Y

) — 2 6, Asp379-Arg396 rEES iz, T,
Fig. 4D O¥E~=7'9 ¥ (£—7 D) i3, *7FFA
F> (m/z1640.8) B 1* GlcNAc #s#E& L 727
F ¥4 4> (m/21843.9) 25, Ala327-Lys340 &
FEI N7, HEEHBARMLTH 5 227, 588,
BU920 & B Asn # S THENT7F PRl En
Bt Z Eirh, HEHEAREEL CuinI L7
gE3Inze,

3.3 FESHERAR

EEE NREE X, BWERTF F O MS/MS 27
ML ESEER S DS TEY bHEEL 2. Fig dA IS
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443

HIE~7F P> LC/MS/MS iz & 3 F%E

Retention time Peptide
Calculated |Sequence amino acid Theoretical No. of missed
(min) PeakNo) m# Charge MW residue MW cleavage
40 19 12403 +3 3717.9 | TPGIWLLHCHVTDHIHAGMETTYTVLONEDTK 1013-1044 37178 0
40 930.7  +4 37189
40 19 19323 +3 3693.8 | ADDKVYPGEQYTYMLLATEEQSPGEGDGNCVTR 196-158  3693.6 1
41 20 5964 +2 1190.7 [DIFTGLIGEMK 599-539 1190.6 0
41 20 10455 42 2083.0 | TYYIAAVEVEWDYSPOR 714-730 9089.0 0
43 91 1089.2 +3 32645 |VYPGEQYT YMLLATEEQSPGEGDGNCVTR 130-158 3964 4 0
3 22 19986 42 9455.1 |MYSVNGYT FGSLPGLSMCAEDR 240-261 92455.0 0
43 819.4 43 9455,2
4 922 11741 +2 2346.2 [MYYSAVDPTKDI FTGLIGPMK 519-539 9346.2 1
44 7831 43 23463
4 2 149677  +2 2851.4 |WYLFGMGNEVDVHAAFFHGOALTNK 264-288 9851.4 0
44 7139  +4 2851.5
44 923 7359 42 14699 |DIASGLIGPLIICK 169-182 1469.8 0
45 923 11223  +4 4485.2 |RDTANLFPQTSLTLEMWPDTEGTENVECLTTDHYTGGMK  653-691 4485.0 1
45 94 13867 +2 27715 |ERGPEEEHLGILGPVIWAEVGDT IR 419-443 27714 1
45 924.8  +3 27715
45 693.9  +4 27715
46 95 11683  +8 3501.8 |QSEDSTFYLGERTYYIAAVEVEWDYSPOR 709-730 3501.6 1
47 95 7889 42 1575.9 |DLYSGLIGPLIVCR 869-882  1575.8 0
47 526.3  +3 16759
47 95 956.6 42 1911.2 [TTIEKPVWLGFLGPIIK §3-79 1911.1 0
47 6381 +3 19112
48 9% 10833 +4 4399.1 | DTANLFPOT SLTLAMWPDTEGT FNVECLT TDHY TGGMK 654-691 4328.9 0
48 96 12442 42 94853 |GPEEEHLGI LGPVIWAEVGDTIR 491-443 2486.3 0
48 829.8 43 2486 4
48 6226 4 2486.4
49 27 13577  +2 9713.4 [HYYIAAREET IWNYAPSGIDIFTK 354-376 2713.3 0
49 9055 43 2713.5
51 928 11419  +3 3429.8 |GDSVVWYLFSAGNEADVHGI YFSGNTYLWR 590-649 3422.6 0
51 29 1054.9 43 31596 |DVDKEFYLFPTVFDEN  ESLLLEDNIR 554-579 3169.5 1
52 30 13352 42 26684 |GVYSSDVEFDI FPGTYQTLEMFPR 990-1012 2668.3 0
52 8904 43 2668.3
53 3l 1352.2 42 27024 |EFYI.EPTVEDEN ESLLLEDNIR 558-579 2702.3 0
54 32 10779 +3 3230.7 |HIDRE, % DNIK 193-218 3230.5 1
55 33 13557 +2 2709 .4 |FFVVMFSVVDEN- o F 1K 197-218 2709.3 0
58 34 14813 42 2960.5 |KLEFALLFLVEFDEN90 7TESWYLDDNIK 894-917 2980.5 1
58 987.9 43 2960.7
58 35 13560 +3 4085.1 | IDTINLFPATLFDAYMVAONPGEWMLSCONLNHLK 992-326 4065.0 0
58 10178 +4 4065.2
61 14172 +2 2832.5 | LEFALLFLVFDEN  ESWYLDDNIK 895-917 2832.4 0

residue was carboxymethylated.

12 m/z 204 (HexNAc*) K1r 366 (Hex-HexNAc*)

ELTHEY,

FNEFNTIINDLT O 2 ARENES

L EOWEHICHET BT I S A Vi, m/z
22DA X VIBOLNB T L L, IOWETF
FIZIZ o TUVEEEBEEIEAEL T b 2 Lo H#E
Nt Ehiz, WXTF FE&ROHES TR
4096.7 Da #» 57 F F DHEEHS F & 1891.8Da %
Bl T L NI ESEER D DS F R b B & #
EL, WHEEEL, P T o 2 S EEIN
7z, AR LT, =27 ALY 5 m/z 204 p4&
HMENTWE MS/MS 227 b LEBUH L TH#E
MLicelsh, WHOTFEDEL LESTF FIHE

Pharmaceutical Regulatory Science Vol. 37 No. 7 (2006)

RN LT O 3 RGER L YA LT D L
FEA N7z (Table 2).

FILESET, 03 50 E— 7 lc o\ T b gk
SERRAT % 4T 5 7. Fig. 4B OBE~7F | DESEERS
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v T 3ARSEMES L HEE B N7z, $ 72, Fig 4C

D6 Asn743 12132 7 v 2 REHEHEIFEES L Tw»
5 eI N, BEIZ, Fig. 4D 75, Asn339
ICHALTWBEHEICOWTY, 7a—20%4AL
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&) m/z 1366.6 (+3) MW
Glycopeptide :4096.7
331 Peptide : 1891.8
- Glycan :12223.0 .
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