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Expression of Globo-series Gangliosides in Human Renal Cell Carcinoma
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Gangliosides have been shown to be involved in development, differentiation, oncogenesis, and cancer
progression. We investigated immunchistochemical expression of globo-series gangliosides in human
renal cell carcinoma (RCC) and whether their expression is related to the clinical course. The
expression of globo-series gangliosides was evaluated in fresh-frozen sections of 55 primary renal
tumors and 8 metastatic deposits using monoclonal antibodies RM1 and RM?2, which define mono-
sialosyl and disialosyl galactosylgloboside, respectively. The immunoreactivity of primary tumors to
RM1 and/or RM2 was correlated with the clinicopathological data, Cumulative incidence of metas-
tasis detected at initial diagnosis and during the follow-up period was significantly higher in the cases
whose primary tumors were RM1/RM2-positive (RM1 and/or RM2-positive) than in the RM1/
RM2-negative (neither RM1 nor RM2-positive) cases (P<0.05). During the follow-up period, metas-
tasis developed in none of the RM1/RM2-nepgative eases which had not shown metastasis at initial
diagnosis. High nuclear grade was observed only in the RM1/RM2-positive cases. The RM1/RM2-
positive rate of the metastatic deposits was higher than that of the primary tumors. Furthermore, a
metastatic deposit obtained from one of the cases whose primary tumors were equivocal for RM1/
RM2 was extensively stained by RM1 and RM2. These results indicate that globo-series gangliosides

may be one of the biochemical indicators related to the metastatic potential of human RCC,
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Human renal cell carcinoma (RCC) is highly meta-
static. About 309% of patients already have metastasis at
the time of initial diagnosis, and metastasis develops in
30-50% of patients who undergo radical operation.'* In
other words, detectable or undetectable metastases have
already developed in 60-809% of patients at the time of
initial diagnosis of RCC. However, there has been no
reliable indicator of biological malignancy in regard to
metastatic potential, and no effective therapy for metas-
tasis, except surgery and immunotherapy.

Ganglicsides are membrane-bound glycolipids con-
taining sialic acids, and glycolipids are classified into
globo-, lacto-, and ganglio-series based on the core struc-
ture of the sugar chain. The carbohydrate moieties of
gangliosides undergo profound changes during develop-
ment, differentiation, and oncogenesis,” and altered gly-
cosylation of glycolipids and glycoproteins is observed in
cancer progression, although the mechanism remains un-
known.” In colorectal cancer, sialosyl-Tn expression has
prognostic implications,” and sialosyl-Le* expression is
correlated with metastatic potential” and poor survival.®
In lung cancer, expression of H/Le'/Le" antigens is
inversely correlated with survival.”

In our previous studies on glycolipids of human RCC,
we found that slower-migrating gangliosides increase in
metastatic deposits,'? globo-series gangliosides are the
major components of the slower-migrating gangliosides
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(Fig. 1),'V and disialosyl galactosyl globoside (DSGG) is
an adhesion molecule."® To investigate further whether
expression of globo-series gangliosides is associated with
biological malignancy of human RCC, we performed
immunohistochemical staining of fresh-frozen human
RCC sections using monoclonal antibodies (mAbs) RM1
and RM2,'"” which define monosialosyl galactosyl glo-
boside (MSGG) and DSGG, respectively. To our knowl-
edge, this is the first demonstration of globo-series gan-
gliosides on human RCC by immunohistochemistry.

MATERIALS AND METHODS

Tissues Primary tumor tissues of human RCC were
obtained from 55 patients who had undergone nephrec-
tomy in Tohoku University Hospital, Japan, and its
associated hospitals from September 1990 to February
1996. Fifty-one patients had transperitoneal radical ne-
phrectomy, and 4 had lumbar nephrectomy. Metastatic
deposits were available from 8§ patients, who had back
subcutaneous, lymphnode (3 cases), lung, adrenal, pan-
creas, and bone metastasis, respectively. Immediately
after resection, tissues were embedded in OCT com-
pound, frozen in liquid nitrogen and stored at — &0°C
until use. Histological stage was determined according to
the TNM classification of malignant tumors (UICC,
1992). Nuclear grading was judged on formalin-fixed
paraffin-embedded sections stained with hematoxylin and
eosin, based on the degree of nuclear atypia according to



the General Rule for Clinical and Pathological Studies on
Renal Cell Carcinoma (Japanese Urological Association,
1992). Metastasis was evaluated by chest roentgenogra-
phy, computed tomography, and bone scintigraphy.
Antibodies mAbs RM1 and RM2, directed to MSGG
and DSGG, respectively, were established using RCC
cell line TOS1, derived from a metastatic deposit, as
described previously.'"

Immunohistochemical staining of tissue sections by RM1
and RM2 Avidin-biotin immunoperoxidase staining was
performed using a Vector staining kit (Burlingame, CA).
Frozen tissues were cut (5 #m thickness), air-dried, and
fixed in acetone for 2 min. Endogenous peroxidase was
blocked with 0.03% H,0, in phosphate-buffered saline.
Sections were blocked with normal goat serum for 30
min. After blocking of endogenous biotin using a kit
from Vector, sections were incubated with primary anti-
body for 30 min, incubated with biotinylated secondary
antibody for 30 min, incubated with Vector avidin-biotin
solution for 30 min, and stained with 3’,3’-diaminobenzi-
dine substrate solution containing 0.03% H,0,. Mouse
IgM was used as a negative control.

Evaluation of immunohistochemistry and statistical anal-
ysis Immunoreactivity was graded as follows: -1,
more than 50% of tumor cells were positive; ++, 10—
50% were positive; 1, less than 109 were positive; —,
no positive tumor cells were found. Sections showing —
were considered negative, and sections showing ++ and
4+ were considered positive. Sections showing + were
considered equivocal. The association between the varia-
bles was statistically assessed excluding the equivocal
cases.

RESULTS

In normal kidney, distal tubules and the loop of Henle
were positively stained, but proximal tubules and glomer-

MSGG Gal 31 +3GaINAc 2 1>3Gal ¢ | +4Gal 21 *4Gle 2 1=1Cer
3
5

NeuAc o 2

DSGG Gal 4 1-=3GalNAc 3 | 3Gal & 1+4Gal 3 1-+4Gle 2 1 =1Cer

3 6
1 1
NeuAc a2 NeuAc w2

Fig. 1. Structures of globo-series gangliosides. Monoclonal
antibody (mAb) specific to MSGG is RM1, and mAb specific
to DSGG is RM2. MSGG, monosialosyl galactosyl globoside;
DSGG, disialosyl galactosyl globoside; Cer, ceramide.
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Fig. 2. Normal kidney section stained by RM2. Distal
tubules are positively stained, but proximal tubules and glo-
meruli are not stained ( % 100).

Fig. 3.
14). A, staining by RM1 (> 100); B, staining by RM2 (x
100).

Immunostaining of primary tumor sections (case
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Table I. Clinicopathological Data of Renal Cell Carcinoma

Case Apge Sex Stage Grade Cell type Tumor size (cm) RMI1 RM?2
i 58 M pT2pNIMO 2 clear - 9 ++ ==+
2 59 M pT2pNOMO 2 clear 9.5 +++ +
3 69 M pT2pNOMO 2 clear 7.5 +++ -
4 56 M pI2pN2MO 2 granular 4.5 +—+ ++
5 69 M pT2pNOM1 2 clear 7 ++ ++
6 62 M pT3apNOMI 2 clear 5 -+ ++
7 66 M pT2pNOMO 2 clear 5 ++ ++
8 61 M pT2pNOMO 2 clear 4 =+ ++
9 71 M pT2pNOMO 3 clear 4.5 ++ ++
10 59 F pT2NOMO 2 clear 3 +H+ ++
11 33 M pT2pNOMO 2 clear 6.5 - ++
12 35 M pT3pNOM1 2 clear 6 - ++
13 66 M pT2pN2MO 2 mixed 5.5 4+ +
14 62 M pT2pNOMO 1 clear 4 +H—+ +
15 61 M pT3pNOM1 2 clear 6 - —
16 71 M pT3bpNOMI 2 clear 6.5 -t —
17 41 M pT3bpNOM1 3 clear 9 ++ —
18 72 M pT2pNOMO 1 clear 3 ++ -
19 70 M pT1pNOMO 2 clear 2 -+ —
20 72 M pT2pNOMO 2 clear 8 A+ —
21 46 M pT2pNOMO 2 mixed 3.5 -+ —
22 61 M pT1pNOMO i clear 25 -+ —
23 62 M pT2pNOMI1 2 clear 5 ++ ++
24 54 M pT2pNOM1 3 mixed 5 + ++
25 66 M pT2pNOMI1 1 clear 5.5 -+ -+
26 75 M pT3apNOMO 2 granular 2.5 ++ -
27 63 F pT3pNOMO 2 clear 5 ++ +
28 39 M pT3bpN1MO 2 mixed 9 ++ —
29 74 M pT3apNOM! 2 clear 9.5 ++ -
30 70 F pT3pNOMO 3 clear 13.5 ++ —
31 76 M pT2pNOMO 2 clear 6 ++ -
32 71 M pT3bpNOMO 1 clear 5.5 + —
33 63 F pT3bpNOMO 2 clear 10 - -
34 70 M pT2pNOM1 3 mixed 10 — +-
35 51 M pT2pNOM1 2 clear 4 + —
36 60 F pT3pNOM1 2 clear 14 + —
37 62 M pT3pNOMO 2 clear 4 + -
38 71 M pT2pNOMO 2 clear 3 + —
39 59 M pT2ZNOMO 1 clear 3 + —
40 21 F pT2pN2MO 2 clear 6 + -
41 55 F pT2pNOMO 2 clear 6 — -
42 39 M pT2pNOMO 1 clear 10 - —
43 74 M pT3pNOMO 2 granular 5 — -
44 44 F pT2pNOMO 2 clear 5 - —
45 70 F pT2pNOMO 2 clear 9 - -
46 52 F pT2pNOMO 2 granular 10 -
47 59 F pPT2pNOMO 1 clear 3 - —
48 71 M PT2pNOMO 1 clear 12 — -
49 75 M pT3bpNOMO 2 clear 9.5 - —
50 51 M pT2ZpNOMO 1 clear 4 - —
51 39 M pT2ZNOMO 2 clear 5 — -
52 76 F pT3apNOMO 1 clear 4.5 - —
53 49 F pT3pNOMI1 2 granular 9.5 - -
54 66 E pT4pNOM1 2 clear 9 — —
55 22 M pT2pNOM1 2 granular 5.5 - —

AVQ, doxorubicin+ vincristine+carboquone; IFN, interferon; LN, lymphnode; meta, metastasis; mos, months; NED, no
evidence of disease; TAE, transarterial embolization.
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Metastasis at diagnosis

Metastasis during follow-up (mos)

Adjuvant therapy (mos)

Outcome (mos)

para-aortic LN

para-aortic LN
lung

adrenal gland, bone

lung
para-aortic LN

lung
lung
lung

back, brain
bone
bone

para-aortic LN
brain

lung
bone
lung, brain

para-aortic LN

lung
pancreas, lung
bone

lung (30), bone (34)
It. neck LN (3)

brain (3), lung & liver (6)

lung & gallbladder (36)

bone (11)

brain (5)

lung (21)

lung (1)

lung (15), liver (39)

bone (3)

It. neck LN (37)

liver (1)

IFNz (1)->none
none
none—IFNa
IFNe¢

IFNex

IFNu, chemoradiation to bone meta.

none
noene—IFNa, tegafur, uracil p.o.
none
AVQ 1 course, IFNa (2)—none
none
IFNa

IFNea, chemoradiation to bone meta.

none

IFNg, tegafur, uracil p.o.
IFNw, 7-knife for brain meta.
IFNa, TAE for lung meta.
none

carboquone p.o. (24)—none
none

none

none

extirpation of back and brain meta.
IFNa

IFNa, extirpation of bone meta.
none

none

none—IFNa for lung meta.
v-knife for brain meta.
none—IFN«, TAE for liver meta,
none

IFNx

IFNe (24)—tegafur, uracil p.o.
IFNo

IFNo

IFNw, r-knife for brain meta.
none—resection of LN meta., IFN«
tegafur, uracil p.o. (12)—>none
tegafur, uracil p.o. (2)—none
IFNe

none

none

none

none

tegafur, uracil p.o.

none

none

none

IFNe (1)—none

none

AVQ 1 course, IFNy (1)—none
none

IFNwo

tegafur, uracit p.o.

IFNg, chemoradiation to bone meta.

NED (51)
NED {26)
alive (35)
died (12)
died (5)
died (9)
NED {18}
alive (36)
NED {26)
NED {39)
NED {21)
died (12)
alive (43)
NED (38)
alive (41)
died (10}
died (31)
died (28)
NED (67)
NED (19)
NED (18)
NED (14)
died (2)
died (5)
died (12)
NED (16)
NED (15)
alive (29)
NED (25)
died (54)
NED (39)
NED (28)
NED (52)
died (12)
died (30)
died (19)
alive (41)
NED (38)
NED (24)
NED (18)
NED (54)
NED (69)
NED (54)
NED (51}
NED (53)
NED (34)
NED (31)
NED (33)
NED (40)
NED (20)
NED (40)
NED (24)
died (4)
alive (13)
alive (15)
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uli were not stained by RM2 (Fig. 2). RMI1 gave the
same staining pattern as RM2, but the staining area by
RM1 was smaller than that by RM2,

Thirty-two (58%) primary tumors were positively
stained by RM1, and 18 (33%) were positively stained
by RM2. Thirty-four out of the 55 primary tumors were
positively stained by RM1 and/or RM2 (Fig. 3, and
Table T), and 15 of these 34 RM1/RM2-positive cases
showed metastasis at the time of initial diagnosis. Fifteen
primary tumors were stained by neither RM1 nor RM2.
Three of these 15 RM1/RM2-negative cases showed
metastasis at the time of initial diagnosis. After opera-
tion, 7 patients without metastasis at initial diagnosis
received adjuvant therapy, and these cases were excluded
from the follow-up study. Among the cases which did not
show metastasis at the time of initial diagnosis, four of
the remaining 15 RM1/RM2-positive cases showed me-
tastasis (mean follow-up until development of metastasis;

23.5 months), whereas none of the remaining 9 RM1/
RM2-negative cases showed metastasis (mean follow-up;
41.2 months) during the follow-up period (P<C0.1).
Thus, excluding 6 RM1/RM2-equivocal cases, the cumu-
lative incidence of metastasis was 19 of 30 RM1/RM2-
positive cases versus 3 of 12 RMI1/RM2-negative cases

Table I1. Correlation of Expression of Globo-series Ganglio-
sides in Primary Renal Tumor and Incidence of Metastasis

Incidence of metastasis Cumulative
incidence of
at diagnosis  during follow-up metastasis
RMI/RM2- )
positive 15/34 4/15 19/30 WP<005
RMI1/RM2- :
negative 3/15 0/9 3/12—

Fig. 4.

Immunostaining of metastatic deposit sections. A, back subcutancous metastasis (case 23) stained by RM2. Tumor

cells stained by RM2 are surrounded by subcutaneous adipose tissue (% 100). B, adrenal gland metastasis (case 6) stained by
RMI1( % 100). C, lymphnode metastasis (case 13) stained by RM1 (% 100). D, lung metastasis stained by RM1 (< 100}.
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Table III. Immunoreactivity of Metastatic Deposits

Site of metastasis Case No. RMI1 RM2 Prior therapy
back subcutaneous 23 0 i T T none
It. neck LN 37 +—++ none
adrenal gland 6 4t none
para-aortic LN 4 —H+ none
para-aortic LN 13 -t = none
lung s ++ = IFNa
pancreas 54 = = none
bone 35 = - none

(P<0.05) (Tables I and II). Six of the eight (75%)
metastatic deposits were positively stained by RM1; four
of these (50%) were also stained by RM2 (Fig. 4 and
Table III), and the rate of positive staining by RM1/
RM2 of the metastatic deposits was higher than that of
the primary tumors. Furthermore, the metastatic deposit
detected three years after operation, obtained from one
of the cases whose primary tumors were equivocal for
RMI1/RM2, was extensively stained by RM1 and RM2
(Fig. 5). The nuclear grade (grade 3) of this metastatic
tumor cells was also higher than that (grade 2) of the
primary tumor cells. High nuclear grade (grade 3) was
observed in 5 out of 34 RM1/RM2-positive cases versus
in none out of 15 RM1/RM2-negative cases (Table I).
Interestingly, the RM1/RM2-positive rate of male cases
was significantly higher than that of female cases (P<
0.001). Expression of globo-series gangliosides was not
significantly correlated with local invasion (by x* test) or
tumor size (by ¢ test). Mean tumor size (6.1 cm) of the
RM1/RM2-positive cases was smaller than that (7.1 cm)
of the RM1/RM2-negative cases.

DISCUSSION

This report shows that expression of globo-series
gangliosides in human RCC is significantly correlated
with the development of metastasis. The findings of this
report, along with our previous study'” showing that
globo-series gangliosides were expressed in RCC cell lines
derived from metastatic deposits, indicate that globo-
series gangliosides may reflect the metastatic potential of
human RCC. The case whose metastatic deposit was
extensively stained by RM1/RM2, in striking contrast to
the low-grade staining of the primary tumor, may be a
typical example. This case is also consistent with the
finding that specialized subpopulations of cells overcome
the highly selective host defense mechanism to form
metastasis.'”

During the follow-up period, metastasis developed in
none of the RM1/RM2-negative cases which had not
shown metastasis at initial diagnosis. From the clinical

Globo-series Gangliosides in Human Renal Cell Carcinoma

Fig. 5. Immunostaining of primary and metastatic tumors
from the same case (case 37). A, primary tumor section
stained by RM1 (% 100). Only a few tumor cells are stained
and the immunoreactivity is classified as equivocal. This
tumor section is not stained by RM2. B and C, metastatic
tumor sections stained by RM1 (% 100) and RM2 (% 100),
respectively. Most tumor cells are stained in striking contrast
to the low grade staining of the primary tumor.

657



Jpn. I. Cancer Res. 88, July 1997

point of view, globo-series gangliosides may become
useful as a predictor of metastasis for postoperative
follow-up, and early adjuvant therapy may be applied to
RMI1/RM2-positive cases, although so far only a weak
association (P</0.1) has been established between the
expression of globo-series gangliosides and the incidence
of metastasis during the follow-up period. This may be
because of the limited number of cases analyzed. Bxten-
sive clinical studies and long-term follow-up are required
to obtain further information.

On the other hand, the RM1/RM2-negative cases also
showed metastasis at initial diagnosis. Two of eight met-
astatic deposits were not stained by RM1/RM2. Globo-
series gangliosides may be related to the metastatic po-
tential of a certain type of RCC. Other factors may also
play important roles in the progression of RCC, and if so,
studies on metastasis only from the viewpoint of tumor
cells will not be sufficient. Considering that metastasis
develops during the process of interaction between tumor
cells and the host’s defense mechanism,'> 'Y we have also
to investigate the host factors to clarify the mechanism of
metastasis. More detailed researches on the biological
roles of globo-series gangliosides and the other factors,
including the host ones, are necessary to gain further
insight into the metastatic potential of human RCC.

Expression of SLe* or SLe* in colorectal and pancreatic
cancer has been claimed to be predictive of metastasis.
Tumors in these organs often express SLe* or SLe?, and
these epitopes have been identified as the binding sites for
E- and P-selectins.””'® In kidney tumors, in contrast,
SLe* expression has no correlation with metastatic poten-
tial or tumor progression,” and globo-series ganglioside
may be an important indicator of metastatic potential. It
is possible that globo-series ganglioside in kidney tumors
is an adhesion molecule resulting in tumor cell adhesion
to target cclis in tissues where metastasis occurs pre-
ferentially. Studies along this line have recently shown
that DSGG is a non-selectin-dependent adhesion mole-
cule, which preferentially adheres to Iung.'®

RCC is generally considered to be of proximal tubular
origin, based on ultrastructural®” and immunohistochem-
ical®® evidence. However, other studies indicate that
most RCCs also express the distal tubular antigens,?*"
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