












capture:detection assays could improve discrimination of
cancers from controls. The assay showing the greatest differ-
ence between sLeA-low cancers and controls was anti-sLeA
capture and anti-sLeX detection (Table I and Fig. 4B), which
represents the co-expression of sLeA and sLeX on the same
molecule. Of the cancer cases that were below the cutoff of 100
U/ml in sLeA, 24/69 (35%) were elevated in sLeA:sLeX using a
cutoff in that marker that added only one new false positive
detection. If we classify as a case any sample that was elevated
in either the sLeX sandwich or the hybrid sLeA:sLeX sandwich,
using thresholds chosen to optimize accuracy (Fig. 4C), the
two-marker panel had a sensitivity of 76% (83/109 cases, 95%
CI: 59.6–89.0%), specificity of 78% (71/91 controls, 95% CI:
65.9–97.8%), and accuracy of 77% (154/200 correct, 95% CI:
74.0–84.0%), significantly better (p � .009) than the best ac-
curacy of 68% (136/200 correct) for sLeA.

FIG. 4. sLeX and dual expression of sLeA and sLeX are elevated in some sLeA-low cancers. (A) The graph shows the correlation
between sLeA (using anti-sLeA clone 9L426 as capture and detection, y axis) and sLeX (using anti-sLeX clone CSLEX1 as capture and
detection, x axis). Each point represents a patient sample, and each value is the average of three replicates. The dashed lines represent
thresholds defining elevations for each assay. (B) The y axis indicates the sLeA measurements, and the y axis indicates measurements of dual
expression of sLeA and sLeX, using anti-sLeA capture and anti-sLeX detection. At the thresholds defined by the dashed lines, many cancers
are elevated only in the sLeA sandwich assay or the sLeA:sLeX sandwich assay. (C) The graph depicts measurements from the capture:
detection combinations indicated on the axis labels, and the right graph is a zoomed portion of the left. At the thresholds defined by the dashed
lines, many cancers are elevated only in the sLeX sandwich assay or the sLeA:sLeX sandwich assay.

TABLE I
Statistical comparisons between the patient groups. Each marker is
indicated by the capture:detection antibodies. *The first p value is
based on the Mann-Whitney test for comparing sLeA-low (�37 U/ml)
cancers (n � 51) to all controls (n � 91). ˆThe second p value is for
comparison all cancers (n � 109) to all controls (n � 91). NS, not

significant

Marker p value* p valueˆ

Sialyl Lewis A(9L426):sialyl Lewis X(CSLEX1) 9.20E-06 3.09E-13
Sialyl Lewis X(CSLEX1):sialyl Lewis X(CSLEX1) 2.24E-04 4.06E-08
Lewis A(7LE):sialyl Lewis X(CSLEX1) NS 1.08E-03
Sialyl Lewis A(121SLE):sialyl Lewis X(CSLEX1) NS 1.01E-02
Sialyl Lewis A(M081221):sialyl Lewis X(CSLEX1) NS NS
Sialyl Lewis X(9L648):sialyl Lewis X(CSLEX1) NS NS
DUPAN2:sialyl Lewis X(CSLEX1) NS NS
Lewis X(P12):sialyl Lewis X(CSLEX1) NS NS
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It should be noted that the controls in this experiment do
not include healthy subjects, so the performance of sLeA is
slightly worse than in studies comparing cancer to healthy
people. The controls included 30 patients with benign biliary
obstruction; the standard CA19–9 assay was elevated in
three of those patients at the 37 U/ml cutoff, and sLeX also
was elevated in three (Table S4). Of the 18 acute pancreatitis
patients, one was elevated in sLeX and zero in CA19–9, and
of the 41 chronic pancreatitis patients, four were elevated in
CA19–9 and three were elevated in sLeX, one of which was
not elevated in CA19–9 (Table S4). Therefore, the rate of
additional elevations from benign inflammatory conditions is
not great using sLeX.

About 5% of people harbor homozygous inactivating mu-
tations in the FUT3 gene, resulting in inability to produce the
sLeA glycan (33). Six of the 109 (5.5%) of the cancer pa-
tients in our cohort had such mutations, all of whom were low
in sLeA, as expected. Four of the 6 were elevated in plasma

sLeX (Table S4). This finding further supports the ability of
sLeX to provide added value to sLeA.

Diversity in Glycan Expression and Histomorphologies of
the Tumors—To gain more information on the origin of plasma
sLeX elevations in pancreatic cancers, particularly those with-
out plasma sLeA elevations, we analyzed matched tissue and
plasma samples from 14 subjects with pancreatic tumors,
randomly selected among pancreatic resections at a regional
hospital affiliate in Grand Rapids, MI. The respective rates of
sLeA and sLeX elevations in the serum generally matched
those in the preceding experiments, with patients variously
elevated in one, both, or neither of the markers (Fig. 5). The
localization of sLeX was very similar to that of sLeA, with
staining in the luminal and cytoplasmic areas of the ducts and
very little staining in uninvolved regions of the pancreas ex-
cept for in centroacinar cells and small ducts (not shown).

We observed a general agreement between the plasma
levels and tissue staining in the ductal epithelia, at least

FIG. 5. Relationships between plasma levels and tissue staining. (A) The sLeA and sLeX plasma levels are depicted for 14 pancreatic
cancer patients who had pancreatic resections and for 3 healthy control subjects. Each point is the average of three replicate measurements,
and a patient ID is shown for selected samples. The dashed lines indicate thresholds defining elevation. (B–G) Each panel shows adjacent, or
near adjacent, sections stained with anti-sLeA or anti-sLeX. The inset numbers correspond to the IDs in panel A. Note the well-defined ducts
in cases high in plasma sLeA (B and C) and the various other histomorphologies in cases with low plasma sLeA, including adenosquamous
formations (D); clusters of invasive cells without mucin-producing ducts (E); and intestinal differentiation arising in the ampulla (F). Neuroen-
docrine tumors (G) showed low sLeA and high sLeX staining in the cancer cells, with corresponding plasma levels.
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among the moderately and well-differentiated cancers. The
patients with high plasma sLeA showed moderately or well-
differentiated ducts with surrounding fibrotic stroma and
heavy staining for sLeA, but the cancers not showing plasma
sLeA elevation showed little gland formation and were marked
by undifferentiated cells, tightly knit clusters of invasive cells,
squamous formations, or high necrosis (Fig. 5). Those that
had plasma sLeX elevation showed sLeX staining in the neo-
plastic cells or in the stroma. The set included three cases of
neuroendrocrine tumor, a condition that usually does not
elevate plasma sLeA. Two of the three had elevated plasma
sLeX, and all three showed sLeX staining in the neoplastic
tissue.

The above analysis suggests that pancreatic cancers that
do not elevate plasma sLeA tend toward poorly differentiated
ductal adenocarcinoma. Among 10 of the University of Pitts-
burgh cancer cases with surgical pathology available (Fig.
S5), the five that had elevated plasma sLeA showed well-
differentiated ductal adenocarcinoma, characterized by inva-
sive glands surrounded by desmoplastic stroma. The other
five, two of which had elevated sLeX, showed moderately
differentiated or poorly differentiated adenocarcinoma or ad-
enosquamous carcinoma (one case). This relationship sug-
gests that histomorphologies other than well-differentiated
ductal adenocarcinoma tend not to elevate plasma sLeA but
maintain the potential to elevate plasma sLeX.

DISCUSSION

The goal of this research was to test the hypothesis that
some patients with low plasma sLeA have elevations in other,
related glycan markers. We found that sLeX, a structural
isomer of sLeA, was elevated in the plasma of 14–19% of
patients with low sLeA and that a novel marker formed by the
capture of sLeA and the detection of sLeX was elevated in
�35% of the sLeA-low cancers with low false-positive detec-
tion. If validated in larger studies, these findings could provide
the foundation for a biomarker panel that improves upon
CA19–9 and that could be used in the clinical diagnosis of
pancreatic cancer. Furthermore, this research establishes a
novel approach to screen for glycan-based biomarkers, called
motif profiling. The method uses detailed analyses of antibody
specificity, available from glycan array data, to predict differ-
ences between patients in particular glycan motifs—differ-
ences that would not be discernable based on a less-detailed
knowledge of the antibody specificities. We envision that the
approach will be particularly useful using antibodies or lectins
with complex fine specificities or for integrating information
over many reagents because such analyses would be unman-
ageable without a software tool.

The present work expands on previous studies investigat-
ing the idea that the CA19–9-negative cancers make glycans
that are related to sLeA. The studies mainly used monoclonal
antibodies that, like CA19–9, were raised by immunization
with cancer cells. Combinations of CA19–9 with various an-

tibodies such as CA 50 (34), Span-1 (34), CA 242 (35), and
others, generally produced minimal added value over CA19–9
alone. Perhaps the most promising antibody for this purpose
was DUPAN2. Separate studies demonstrated that some of
the CA19–9-low patients show elevations in DUPAN-2 (20,
36), but a biomarker panel based on these assays never
became established. Miyamoto and coworkers found in-
creased levels of a novel glycan, 6-sialylated, type-1 H anti-
gen, in three out of six pancreatic tumors that were negative
for CA19–9 (37), but the researchers did not demonstrate this
structure as a blood biomarker.

An important consideration for the clinical use of a bio-
marker is the rate of false positive detection. The new markers
showed elevations in some of the control subjects with benign
disease but at levels lower than the cancer patients. Higher
cutoff would give higher specificity, as with the current use of
the standard CA19–9 assay. CA19–9 levels are above 37
U/ml for 18–21% of chronic pancreatitis patients (34, 38), but
a higher threshold of 100 U/ml gives nearly perfect discrimi-
nation of pancreatic cancer from chronic pancreatitis (9). The
present results provide a foundation for achieving both high
sensitivity and high specificity through complementary bio-
markers, each of which enable specific detection of a sub-
group of pancreatic cancer. In order to further improve sen-
sitivity, a viable strategy would be to search for markers
elevated in the pancreatic cancers did not elevate either sLeA
or sLeX.

An extensive study of the tumor tissue was not in the scope
of the present work, but we achieved some preliminary in-
sights into the nature of the tumors producing each type of
marker elevation. All patients with high plasma sLeA for which
tissue was available had well or moderately differentiated
ductal adenocarcinoma, with the ducts staining heavily for
sLeA. In contrast, the patients with low plasma sLeA, some of
which also had high plasma sLeX, had moderately or poorly
differentiated adenocarcinoma or adenosquamous carci-
noma. The correspondence between high ductal staining and
elevated plasma levels supports a direct connection between
the two and also suggests that the ductal secretions dissem-
inate into the stroma, lymph, and peripheral circulation—a
model that is probable because the proliferating ducts do not
typically have outlets to the main pancreatic duct. Results
from a previous study also support this link: The molecular
form of the sLeA-containing material from the blood matched
that from the tumors (39). Some of the tumors with low plasma
sLeA nevertheless showed high sLeA staining in the cancer
cells (Fig. 5B), suggesting that these tumors did not secrete
the marker enough to be detected in the circulation. The lack
of differentiated ductal structures potentially reduces such
secretions. Taken together, the current results give rise to the
intriguing hypothesis that specific glycans characterize dis-
tinct subgroups of cancers. At this point, we will need a larger
study to establish the connections between cancer-cell se-
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cretions, histomorphologies, and plasma elevations of sLeA
and sLeX.

Previous studies also found overexpression of sLeX in
some pancreatic tumors but not in the plasma nor in relation
to cancers that are low in sLeA. In an Immunohistochemistry
(IHC) study of 30 patients with pancreatic cancer, sLeX stain-
ing was present in 30% of patients, relative to sLeA staining in
87% of patients (40). Co-expression of LeA and LeX was
observed in 23% of patients, indicating that 7% of patients had
staining in sLeX only. This relative rate of sLeA and sLeX stain-
ing generally agrees with our findings, but the study did not
examine details of histomorphology. Other studies demon-
strated general agreement between blood levels and tissue
levels of sialyl-Lewis A (20, 41), but the studies did not examine
the relationships to various histomorphologies or the relation-
ships with sLeX.

The glycans that the cancer cells produce could tell us
something about the pathways at work in the cell and about
their interactions with their environment, particularly in regard
to affecting metastasis and recognition by immune cells. For
example, higher sLeX expression on cancer cells in mice
leads to higher metastasis but also greater rejection by Nat-
ural killer cell (NK) cells (42). The role of sLeX in metastasis
likely is mediated through interactions with E-selectin recep-
tors (43). Sialyl-Lewis A is also a ligand for E-selectin (44), so
the relative levels of sLeX and sLeA could affect cancer cell
behavior, disease progression, and metastasis. Future work
should more precisely define the glycan structures and the
level of sulfation since sulfated versions of sLeX have in-
creased affinity for E-selectin receptors (43).

In summary, we show that a significant group of patients
with low plasma sLeA have elevations in plasma sLeX. A novel
assay formed by the capture of sLeA and detection of sLeX
was particularly useful for detecting many sLeA-low cancers
with a low rate of false-positive elevation. The sLeA and sLeX
glycans showed similar expression patterns in well and mod-
erately differentiated ductal adenocarcinomas but divergent
patterns in other histomorphologies that do not yield elevated
plasma sLeA, thus supporting the concept of glycans as
indicators of biological subtypes of disease. The present find-
ings suggest that further development of panels of comple-
mentary glycans could enable the detection of a broader
range of pancreatic cancers than previously possible using
CA19–9. This capability could have value beyond early diag-
nosis, such as determining who should undergo surgery after
neoadjuvant chemotherapy (chemotherapy applied prior to
surgery) and detecting disease resurgence. Each use of
CA19–9 could benefit from additional biomarkers that are
applicable to tumors that do not secrete high levels of sLeA.
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Klöppel, G., and Klimstra, D. S. (2004) Chronic pancreatitis or pancreatic
ductal adenocarcinoma? Semin. Diagn. Pathol .21, 268–276

3. Kennedy, T., Preczewski, L., Stocker, S. J., Rao, S. M., Parsons, W. G.,
Wayne, J. D., Bell, R. H., and Talamonti, M. S. (2006) Incidence of benign
inflammatory disease in patients undergoing whipple procedure for clin-
ically suspected carcinoma: A single-institution experience. Am. J. Surg.
191, 437–441

4. Klöppel, G., and Adsay, N. V. (2009) Chronic pancreatitis and the differential
diagnosis versus pancreatic cancer. Arch. Pathol. Lab. Med. 133,
382–387

5. Pitman, M. B., Centeno, B. A., Ali, S. Z., Genevay, M., Stelow, E., Mino-
Kenudson, M., Castillo, C. F., Schmidt, C. M., Brugge, W. R., and
Layfield, L. J. (2014) Standardized terminology and nomenclature for
pancreatobiliary cytology: The papanicolaou society of cytopathology
guidelines. Cytojournal 11, 3

6. Hruban, R. H., and Adsay, N. V. (2009) Molecular classification of neo-
plasms of the pancreas. Hum. Pathol. 40, 612–623

7. Koprowski, H., Steplewski, Z., Mitchell, K., Herlyn, M., Herlyn, D., and
Fuhrer, P. (1979) Colorectal carcinoma antigens detected by hybridoma
antibodies. Somatic Cell Genet. 5, 957–971

8. Herlyn, M., Steplewski, Z., Herlyn, D., and Koprowski, H. (1979) Colorectal
carcinoma-specific antigen: Detection by means of monoclonal antibod-
ies. Proc. Natl. Acad. Sci. U.S.A. 76, 1438–1442

9. Goonetilleke, K. S., and Siriwardena, A. K. (2007) Systematic review of
carbohydrate antigen (CA 19–9) as a biochemical marker in the diagnosis
of pancreatic cancer. Eur. J. Surg. Oncol. 33, 266–270

10. Magnani, J. L., Brockhaus, M., Smith, D. F., Ginsburg, V., Blaszczyk, M.,
Mitchell, K. F., Steplewski, Z., and Koprowski, H. (1981) A monosialo-
ganglioside is a monoclonal antibody-defined antigen of colon carci-
noma. Science 212, 55–56

11. Magnani, J. L., Nilsson, B., Brockhaus, M., Zopf, D., Steplewski, Z., Ko-
prowski, H., and Ginsburg, V. (1982) A monoclonal antibody-defined
antigen associated with gastrointestinal cancer is a ganglioside contain-
ing sialylated lacto-n-fucopentaose ii. J. Biol. Chem. 257, 14365–14369

12. Dube, D. H., and Bertozzi, C. R. (2005) Glycans in cancer and
inflammation–potential for therapeutics and diagnostics. Nat. Rev. Drug
Discov. 4, 477–488

13. Adamczyk, B., Tharmalingam, T., and Rudd, P. M. (2012) Glycans as cancer
biomarkers. Biochim. Biophys. Acta 1820, 1347–1353

14. Rye, P. D., Bovin, N. V., Vlasova, E. V., Molodyk, A. A., Baryshnikov, A.,
Kreutz, F. T., Garinther, W. I., Schultes, B. C., Noujaim, A. A., Madiyala-
kan, R., Magnani, J., Nilsson, O., Nilsson, K., Nustad, K., Norum, L., Bell,
H., Cao, Y., Suresh, M. R., Very, D. L., Freeman, J. V., Yeung, K. K., and
Hilgers, J. (1998) Summary report on the ISOBM td-6 workshop: Analysis
of 20 monoclonal antibodies against sialyl Lewis A and related antigens.
Montreux, Switzerland, September 19–24, 1997. Tumour Biol. 19,
390–420

15. Partyka, K., Maupin, K. A., Brand, R. E., and Haab, B. B. (2012) Diverse
monoclonal antibodies against the ca 19–9 antigen show variation in
binding specificity with consequences for clinical interpretation. Pro-
teomics 12, 2212–2220

sLeX in sLeA-Low Pancreatic Cancer

1332 Molecular & Cellular Proteomics 14.5

 by guest on Septem
ber 22, 2019

http://w
w

w
.m

cponline.org/
D

ow
nloaded from

 

http://www.mcponline.org/cgi/content/full/M114.047837/DC1
http://www.mcponline.org/cgi/content/full/M114.047837/DC1
http://www.mcponline.org/


16. Pilo, A., Zucchelli, G. C., Cohen, R., Chiesa, M. R., and Bizollon, C. A. (1996)
Performance of immunoassays for CA 19–9, CA 15–3 and CA 125
tumour markers evaluated from an international quality assessment sur-
vey. Eur. J. Clin. Chem. Clin. Biochem. 34, 145–150

17. Hotakainen, K., Tanner, P., Alfthan, H., Haglund, C., and Stenman, U. H.
(2009) Comparison of three immunoassays for CA 19–9. Clin. Chim. Acta
400, 123–127

18. Metzgar, R. S., Gaillard, M. T., Levine, S. J., Tuck, F. L., Bossen, E. H., and
Borowitz, M. J. (1982) Antigens of human pancreatic adenocarcinoma
cells defined by murine monoclonal antibodies. Cancer Res. 42, 601–608

19. Kawa, S., Tokoo, M., Oguchi, H., Furuta, S., Homma, T., Hasegawa, Y.,
Ogata, H., and Sakata, K. (1994) Epitope analysis of SPan-1 and
DUPAN-2 using synthesized glycoconjugates sialyllact-n-fucopentaose
ii and sialyllact-n-tetraose. Pancreas 9, 692–697

20. Takasaki, H., Uchida, E., Tempero, M. A., Burnett, D. A., Metzgar, R. S., and
Pour, P. M. (1988) Correlative study on expression of CA 19–9 and
DU-PAN-2 in tumor tissue and in serum of pancreatic cancer patients.
Cancer Res. 48, 1435–1438

21. Rillahan, C. D., and Paulson, J. C. (2011) Glycan microarrays for decoding
the glycome. Annu. Rev. Biochem. 80, 797–823

22. Liu, Y., Palma, A. S., and Feizi, T. (2009) Carbohydrate microarrays: Key
developments in glycobiology. Biol. Chem. 390, 647–656

23. Porter, A., Yue, T., Heeringa, L., Day, S., Suh, E., and Haab, B. B. (2010) A
motif-based analysis of glycan array data to determine the specificities of
glycan-binding proteins. Glycobiology 20, 369–380

24. Maupin, K. A., Liden, D., and Haab, B. B. (2012) The fine specificity of
mannose-binding and galactose-binding lectins revealed using outlier-
motif analysis of glycan array data. Glycobiology 22, 160–169

25. Kletter, D., Cao, Z., Bern, M., and Haab, B. (2013) Determining lectin
specificity from glycan array data using motif segregation and glyco-
search software. Curr. Protocols Chem. Biol. 5, 1–13, http://www.
archivesofpathology.org/doi/pdf/10.1043/1543–2165-133.3.382

26. Kletter, D., Singh, S., Bern, M., and Haab, B. B. (2013) Global comparisons
of lectin-glycan interactions using a database of analyzed glycan array
data. Mol. Cell. Proteomics 12, 1026–1035

27. Haab, B. B. (2010) Antibody-lectin sandwich arrays for biomarker and
glycobiology studies. Expert Rev. Proteomics 7, 9–11

28. McCarter, C., Kletter, D., Tang, H., Partyka, K., Ma, Y., Singh, S., Yadav, J.,
Bern, M., and Haab, B. B. (2013) Prediction of glycan motifs using
quantitative analysis of multi-lectin binding: Motifs on muc1 produced by
cultured pancreatic cancer cells. Proteomics Clinical Applications 7,
632–641

29. Haab, B. B., Porter, A., Yue, T., Li, L., Scheiman, J., Anderson, M. A.,
Barnes, D., Schmidt, C. M., Feng, Z., and Simeone, D. M. (2010) Glyco-
sylation variants of mucins and ceacams as candidate biomarkers for the
diagnosis of pancreatic cystic neoplasms. Ann. Surgery 251, 937–945

30. Yue, T., Goldstein, I. J., Hollingsworth, M. A., Kaul, K., Brand, R. E., and
Haab, B. B. (2009) The prevalence and nature of glycan alterations on
specific proteins in pancreatic cancer patients revealed using antibody-
lectin sandwich arrays. Mol. Cell. Proteomics 8, 1697–1707

31. Haab, B. B., and Yue, T. (2011) High-throughput studies of protein glyco-
forms using antibody-lectin sandwich arrays. Methods Mol. Biol. 785,
223–236

32. Yue, T., Maupin, K. A., Fallon, B., Li, L., Partyka, K., Anderson, M. A.,
Brenner, D. E., Kaul, K., Zeh, H., Moser, A. J., Simeone, D. M., Feng, Z.,
Brand, R. E., and Haab, B. B. (2011) Enhanced discrimination of malig-
nant from benign pancreatic disease by measuring the CA 19–9 antigen
on specific protein carriers. PLoS ONE 6, e29180

33. Nishihara, S., Yazawa, S., Iwasaki, H., Nakazato, M., Kudo, T., Ando, T.,
and Narimatsu, H. (1993) Alpha (1,3/1,4)fucosyltransferase (fuct-iii) gene
is inactivated by a single amino acid substitution in Lewis histo-blood
type negative individuals. Biochem. Biophys. Res. Commun. 196,
624–631

34. Kobayashi, T., Kawa, S., Tokoo, M., Oguchi, H., Kiyosawa, K., Furuta, S.,
Kanai, M., and Homma, T. (1991) Comparative study of ca-50 (time-
resolved fluoroimmunoassay), SPan-1, and CA19–9 in the diagnosis of
pancreatic cancer. Scand. J. Gastroenterol. 26, 787–797

35. Kawa, S., Tokoo, M., Hasebe, O., Hayashi, K., Imai, H., Oguchi, H., Kiyo-
sawa, K., Furuta, S., and Homma, T. (1994) Comparative study of CA242
and CA19–9 for the diagnosis of pancreatic cancer. Br. J. Cancer 70,
481–486

36. Kawa, S., Oguchi, H., Kobayashi, T., Tokoo, M., Furuta, S., Kanai, M., and
Homma, T. (1991) Elevated serum levels of DUPAN-2 in pancreatic
cancer patients negative for Lewis blood group phenotype. Br. J. Cancer
64, 899–902

37. Shida, K., Korekane, H., Misonou, Y., Noura, S., Ohue, M., Takahashi, H.,
Ohigashi, H., Ishikawa, O., and Miyamoto, Y. (2010) Novel ganglioside
found in adenocarcinoma cells of Lewis-negative patients. Glycobiology
20, 1594–1606

38. Satake, K., and Takeuchi, T. (1994) Comparison of CA19–9 with other
tumor markers in the diagnosis of cancer of the pancreas. Pancreas 9,
720–724

39. Kalthoff, H., Kreiker, C., Schmiegel, W. H., Greten, H., and Thiele, H. G.
(1986) Characterization of CA 19–9 bearing mucins as physiological
exocrine pancreatic secretion products. Cancer Res. 46, 3605–3607

40. Pour, P. M., Tempero, M. M., Takasaki, H., Uchida, E., Takiyama, Y.,
Burnett, D. A., and Steplewski, Z. (1988) Expression of blood group-
related antigens abh, Lewis A, Lewis B, Lewis X, Lewis Y, and CA 19–9
in pancreatic cancer cells in comparison with the patient’s blood group
type. Cancer Res. 48, 5422–5426

41. Hamanaka, Y., Hamanaka, S., and Suzuki, M. (1996) Sialyl Lewis (A) gan-
glioside in pancreatic cancer tissue correlates with the serum CA 19–9
level. Pancreas 13, 160–165

42. Ohyama, C., Tsuboi, S., and Fukuda, M. (1999) Dual roles of sialyl Lewis X
oligosaccharides in tumor metastasis and rejection by natural killer cells.
EMBO J. 18, 1516–1525

43. Mitsuoka, C., Sawada-Kasugai, M., Ando-Furui, K., Izawa, M., Nakanishi,
H., Nakamura, S., Ishida, H., Kiso, M., and Kannagi, R. (1998) Identifi-
cation of a major carbohydrate capping group of the l-selectin ligand on
high endothelial venules in human lymph nodes as 6-sulfo sialyl Lewis x.
J. Biol. Chem. 273, 11225–11233

44. Iwai, K., Ishikura, H., Kaji, M., Sugiura, H., Ishizu, A., Takahashi, C., Kato,
H., Tanabe, T., and Yoshiki, T. (1993) Importance of e-selectin (elam-1)
and sialyl Lewis(a) in the adhesion of pancreatic carcinoma cells to
activated endothelium. Int. J. Cancer 54, 972–977

sLeX in sLeA-Low Pancreatic Cancer

Molecular & Cellular Proteomics 14.5 1333

 by guest on Septem
ber 22, 2019

http://w
w

w
.m

cponline.org/
D

ow
nloaded from

 

http://www.archivesofpathology.org/doi/pdf/10.1043/1543–2165-133.3.382
http://www.archivesofpathology.org/doi/pdf/10.1043/1543–2165-133.3.382
http://www.mcponline.org/

