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Abstract

Background: Portal or splenic vein thrombosis (PSVT) is a common disorder after laparoscopic sple-
nectomy (LS). Splenomegaly is a well-known risk factor for PSVT. However, no treatment strategy for
PSVT has been established.

Methods: Thirty-three consecutive patients who had undergone LS and postoperative imaging surveil-
lance were examined. PSVT was classified according to the site of thrombosis. We evaluated patient
background, operative factors, and clinical symptoms. )
Results: Spleen weight of patients with PSVT (n = 17, median 218 g) was greater than that of patients
without PSVT (n = 16, median 101 g). Seven patients developed thrombosis involving the entire splenic
vein (total splenic vein thrombosis), and 4 of them had clinical symptoms (fever >38°C and/or abdominal
pain). The incidence of clinical symptoms was significantly more frequent in patients with than without
total SVT. Operation time, blood loss, and spleen weight were also significantly greater in patients with
total SVT. Multiple logistic regression analysis demonstrated spleen weight was the strongest predictor of
PSVT and total SVT.

Conclusion: Patients with total SVT have greater risk factors for PSVT and frequently have clinical
symptoms. They are candidates for anticoagulation therapy. © 2007 Excerpta Medica Inc. All rights

reserved.

Keywords: Laparoscopic splenectomy; Portal or splenic vein thrombosis; Total splenic vein thrombosis;
Anticoagulant therapy; Conirast-enhanced computed tomography scan

Portal or splenic vein thrombosis (PSVT) is a rare but
serious complication after splenectomy [1,2]. However,
with the improvement in diagnostic modalities and in-
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creased interest in this disease entity, it is becoming appar-
ent that the incidence of PSVT is greater than clinically
appreciated, especially in patients with splenomegaly (3,4].
We recently conducted a study to compare the incidence of
PSVT after open splenectomy to laparoscopic splenectomy,
and demonstrated that PSVT is a common complication
after elective laparoscopic splenectomy (LS) [5].

Though common, it is still not clear who should have
postoperative image surveillance, whether prophylactic an-
ticoagulation is effective, and the exact type of PSVT that

0002-9610/07/$ - see front matter © 2007 Excerpta Medica Inc. All rights reserved.
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Table 1
Comparison of clinical characteristics of patients with or without PSVT
No PSVT (n = 16) PSVT (n = 17) P value

Age (y): median, range 56,17-73 50, 18-75 : .51
Sex (M:F) . 4:12 2:15 32
Type of disease ' .06

Idiopathic thrombocytopenic purpura 14 6

Hypersplenism due to cirrhosis 0 4

Malignant lymphoma 1 2

Splenic lymphangioma/hemangioma 0 2

Autoimmune hemolytic anemia 0 1

Hereditary spherocytosis 0 1

Evans syndrome 0 1

Splenic cyst 1 0
Surgical approach, LS/HALS 16/0 12/5 .044
Operating time (min): median, range 112, 65-165 120, 55-349 .54
Blood loss (mL): median, range 40, 10-180 30, 10-5600 .78
Spleen weight (g): median, range 101, 11-350 218, 61-2315 .01
Platelet count at POD 7 (X 10*/uL): median, range 23.8, 1.7-66.9 27.8,2.9-75.7 .68

PSVT = portal or splenic vein thrombosis; LS = laparoscopic splenectomy; HALS = hand-assisted laparoscopic splenectomy; POD = postoperative day.

requires treatment [6]. Because patients with PSVT-related
clinical symptoms often have poor prognosis [1,2], the aim
of the current study was to examine the relationship be-
tween clinical symptoms and extent of thrombus propaga-
tion, and assess the predisposing factors to establish a treat-
ment strategy for PSVT.

Patients and Methods
Patient population

This study was conducted in a consecutive series of 33
patients who were scheduled for elective LS at our institu-
tion between April 2001 and March 2004. Data of 22 of
these patients have been reported previously [5]. Table 1
lists the clinical characteristics of the 33 patients. Intermit-
tent pneumatic foot pump was used for perioperative pro-
phylaxis of deep venous thrombosis until full ambulation,
but no anticoagulant was used in any of the patients. The
operative technique was purely laparoscopic in 28 cases, while
hand-assisted laparoscopic splenectomy (HALS) was per-
formed in the other 5 patients as described previously [5].

Detection and diagnosis of PSVT

All patients except those with renal dysfunction and
hypersensitivity to the intravenous contrast media under-
went preoperative and postoperative helical computed to-
mography (CT). Two patients were excluded and were eval-
uated by Doppler ultrasonography or magnetic resonance
imaging (MRI). Imaging analysis was performed after sple-
nectomy between postoperative days (POD) 3 to 11 (median
6.0 POD) except for 1 patient, who underwent CT on POD
23 because of clinical condition and CT availability. Detec-
tion of PSVT was based on the criteria defined previously
[5,7]. In brief, PSVT was diagnosed when an unenhanced
region was detected in a dilated splenoportal system, which
was otherwise free of any abnormality in the preoperative
CT. PSVT was classified into 5 types according to the
location of the thrombus [5]. Distal splenic vein thrombosis
(dSVT) was defined as thrombosis located in the splenic
vein distal to the junction of inferior mesenteric vein (IMV).
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Thrombi between the portal vein and IMV were diagnosed
as proximal SVT (pSVT). Total splenic vein thrombosis
(SVT) (pSVT + dSVT) was defined as thrombus involve-
ment along with the entire splenic vein. In case of IMV
directed towards the superior mesenteric vein (SMV),
splenic vein thrombosis was identified as dSVT. Thrombi in
SMYV, intra- and extrahepatic portal vein were diagnosed as
SMVT, iPVT, and ePVT, respectively. Two patients with
dSVT only were included among patients without PSVT.
Figure 1A and B demonstrates CT images and schematic
drawing of iPVT and dSVT, respectively. The CT image of
a patient with total SVT is shown in Figure 1C, and a
schematic drawing of total SVT is shown in Figure 1D.

Fig. 1. (A) A 23-year-old woman with idiopathic thrombocytopenic pur-
pura. Contrast-enhanced CT demonstrates thrombus in the posterior branch
of the intrahepatic portal vein (arrow) and distal kplenic vein (arrowheads).
(B) Schematic drawing of portal and splenic vein thrombosis of the patient
shown in (A). (C) A 57-year-old woman with hypersplenism due to liver
cirrhosis. Contrast CT scan shows total splenic vein thrombosis (arrows).
(D) Schematic drawing of total splenic vein thrombosis of the patient
shown in (C).
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A B

Fig. 2. Schematic drawing of superior mesenlteric vein thrombosis (A) and
extrahepatic portal vein thrombosis (B).

Furthermore, Figure 2A and B show schematic drawings of
SMVT and e-PVT, respectively.

Clinical features of PSVT are nonspecific and it is im-
possible to screen patients based on clinical signs or symp-
toms. Among the clinical signs, fever is the most important
and frequently observed in PSVT [3,4,7-9]. We reviewed
the data of 53 patients who elected to undergo LS or HALS
before this study specifically in terms of fever after POD 2.
We found unexplained fever greater than 38°C in 3 patients.
Since the beginning of this study, we found no patients
having unknown cause of fever greater than 38°C after POD
2 without evidence of PSVT. Therefore, we considered
fever of unknown origin greater than 38°C after POD 2 as
fever due to PSVT. Abdominal pain, another important
clinical symptom, was considered pain due to PSVT when
no other reason for abdominal pain such as wound pain
could be deduced.

Statistical analysis

Continuous data are expressed as median and range,
unless otherwise specified. Statistical analysis was per-
formed using the chi-square test or Fisher exact test for
categorical data and Mann-Whitney U test for nonparamet-
ric data. The relationships between the patient’s clinical
features and the occurrence of PSVT or total SVT were
examined by multiple logistic regression analysis. Variables
(age, sex, operating time, blood loss, spleen weight, platelet
count at POD 7) were divided into 2 categories by the
respective median value, and subjected to multiple logistic
regression analysis. All statistical analyses were completed
using StatView 5.0J (SAS Institute Inc, Cary, NC). A
P value less than .05 was considered significant.

Results

Seventeen of 33 (52%) patients developed PSVT after
elective LS. No significant differences were noted in age,
gender, operating time, blood loss during operation, and
platelet count at POD 7 between patients who developed
PSVT and those who did not (Table 1). In terms of type of
primary disease, all 4 patients with hypersplenism due to
cirrhosis developed PSVT and 2 of 3 patients with malig-
nant lymphoma had PSVT, but the difference between the 2
groups was not significant. Spleen weight was significantly
greater in patients who developed PSVT. All patients who
underwent HALS developed PSVT. Five patients developed
iPVT only and 5 patients had iPVT and dSVT. Three pa-
tients developed total SVT only, 2 patients had total SVT

—228~

_ Site of thrombus

Table 2
Location of thrombus and clinical features in 17 patients with PSVT

No. of patients Clinical symptoms

(fever*/abdominal

pain)
iPVT 5 171t
iPVT + dSVT 5 —
Total SVT 3 2/0
Total SVT + iPVT 2 Mt
Total SVT + ePVT 1 1/0
Total SVT + ePVT + SMVT 1 —

iPVT = intrahepatic portal vein thrombosis; dSVT = distal splenic vein
thrombosis; total SVT = total splenic vein thrombosis (including distal and
proximal splenic veins); ePVT = extrahepatic portal vein thrombosis;
SMVT = superior mesenteric vein thrombosis.

* Fever body temperature >38.0°C.

T Patient also had fever.

and iPVT, 1 patient had total SVT and ePVT, and 1 patient
had total SVT, ePVT, and SMVT (Table 2).

Since poor prognosis has been reported in patients with
complete obstruction of SMV, and isolated portal vein
thrombosis is associated with good prognosis [1,2], we
divided patients into 2 groups according to the total SVT,
which could occlude SMV by thrombus propagation. Ten
patients had iPVT alone or iPVT plus dSVT, and 7 patients
had total SVT (Table 2). As shown in Table 3, all 7 patients
with total SVT were females. Patients with .idiopathic
thrombocytopenic purpura (ITP) did not develop total SVT,
and all 4 patients with hypersplenism due to liver cirrhosis
developed total SVT, 2 of whom had ePVT and 1 had
SMVT. One patient with Evans syndrome and total SVT
had a prothrombotic disorder, abnormal lupus anticoagu-
lant. The median operating time, blood loss, and spleen
weight were significantly greater in patients with than those
without total SVT. Four patients with total SVT had fever,
1 of whom had abdominal pain postoperatively, whereas
only 1 patient without total SVT had fever and abdominal
pain due to PSVT (Table 2). None of the patients developed
diffuse abdominal pain suggesnve of severe bowel isch-
emia. Multiple logistic regression analysis was performed to
find the most important factors for predicting PSVT and
total SVT, and spleen weight was identified as the only
significant risk factor for PSVT (P = .016) and total SVT
(P = .023).

Anticoagulant therapy was initiated immediately after
the detection of PSVT. We did not use antiplatelet agents,
such as aspirin. Sixteen patients received warfarin for at
least 3 months, and 4 pauents also received heparin. Only
one patient did not receive warfarin or heparin based on a
decision made by the attending physician. All PSVT, except
for dSVT in 2 patients, resolved after 3 to 6 months of
anticoagulant therapy. There were no significant adverse
events during anticoagulant therapy.

Comments

PSVT is a well- recogmzed but rare comphcahon after
splenectomy; however, it is becoming apparent that it is a
common disorder after LS [3,5]. Many investigators dem-
onstrated that the risk of PSVT is higher in patients with
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Table 3
Comparison of patients with or without total splenic vein thrombosis
No total SVT (n = 10) Total SVT (n = 7) P value

Age (y): median, range 41, 18-67 50, 25-75 .026
Sex (M:F) 2:8 0:7 49
Type of disease .02

Idiopathic thrombocytopenic purpura 6 0

Hypersplenism due to cirrhosis 0 4

Malignant lymphoma 2 0

Splenic lymphangioma/hemangioma 1 1

Autoimmune hemolytic anemia 1 0

Hereditary spherocytosis 0 1

Evans syndrome 0 1
Surgical approach, LS/HALS 10/0 2/5 .0034
Operating time (min): median, range 97.5, 66-135 265, 55-349 . .015
Blood loss (mL): median, range 20, 10-120 656, 10-5600 .018
Spleen weight (g): median, range 150, 61-260 495, 300-2315 .0006
Platelet count at POD 7 (x10%uL): median, range 26.0,2.9-75.7 28.6, 13.3-58.7 .66

SVT = splenic vein thrombosis; LS = laparoscopic splenectomy; HALS = hand-assisted laparoscopic splenectomy; POD = postoperative day.

splenomegaly, hemolytic anemia, and myeloproliferative
disorders [3-5,9,10]. In the present consecutive case series
of 33 patients, we demonstrated, in agreement with other
studies, that the risk for PSVT is high in those patients.
However, there are no standardized protocols for effective
treatment for symptomatic PSVT, including duration of
anticoagulation and potential efficacy of prophylactic use of
perioperative antiplatelet agents [11]. Another issue that
remains to be discussed is the indications for treatment of
image-detected asymptomatic PSVT [12]. On the other
hand, De Cleva et al [13} and others [6,14] demonstrated
spontaneous recanalization of PSVT without any treatment,
and meta-analysis showed LS is associated with a signifi-
cant reduction in splenectomy-related morbidity compared
with open splenectomy [15]. These findings suggest that not
all patients need to receive treatment. Thus, selection of
patients who need postoperative image surveillance and
establishment of criteria for treatment are the key issues at
present.

The most significant complications of PSVT are bowel
infarction and portal hypertension due to venous conges-
tion. These serious consequences occur when the thrombus
involves extrahepatic portal vein or superior mesenteric
vein. Patients with total thrombus in the splenic vein, prop-
agating into the superior mesenteric vein and extrahepatic
vein, have a poor prognosis because the thrombus interferes
with venous flow of both the inferior and superior mesen-
teric veins [1]. Therefore, patients with ePVT or SMVT
require prompt anticoagulation, and patients with potential
risk of such thrombosis are likely candidates for active
treatment. Since patients with total SVT are at greater risk
compared to patients with other PSVT and more frequently
manifest clinical symptoms and signs, we recommend
prompt anticoagulation of patients diagnosed with total
SVT. We are currently planning a randomized trial to in-
vestigate the importance of treatment of patients with im-
age-detected postsplenectomy PSVT stratified by the pres-
ence or absence of total SVT. .

Six (30%) patients with ITP developed iPVT, but none
had total SVT and only 1 patient presented with clinical
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symptoms. These data indicate that in patients with ITP,
postoperative imaging surveillance might not be necessary
and postsplenectomy PSVT can be followed by close ob-
servation only. However, 1 report described a patient with
ITP whose PSVT required intensive treatment [11]. He had
complete thrombosis in the portal vein extending into the
SMV. In this case, protein S deficiency was suspected.
Since PSVT develops due to concurrent multiple local and
systemic predisposing factors, special attention should be
paid to thrombophilia when selecting the criteria for post-
operative imaging surveillance and anticoagulation [16].
Since the site and extent of thrombosis correlate directly
with clinical features such as intestinal congestion and por-
tal hypertension, indication for treatment should be more
dependent on the site and extent of thrombosis rather than
the primary disease.

The etiology of PSVT can be divided into 2 main causes:
prothrombotic disorders and local precipitating factors [16].
PSVT occurs due to a combination of these risk factors [17].
Local precipitating factors include hepatic disorders, ab-
dominal inflammation, malignancies, and abdominal inter-
vention, such as splenectomy. Since these etiologic factors
are closely related to systemic or local hypercoagulable
state, the mainstay of treatment choice is anticoagulation.
Condat et al [18] demonstrated that anticoagulation therapy
consisting of unfractionated or low-molecular-weight hep-
arin followed by oral anticoagulation resulted in high rate of
complete or partial recanalization. Our results were similar
to their findings. Postsplenectomy thrombocytosis has also
been discussed as a cause of PSVT [19], and Gordon et al
{20} employed aspirin and low-dose heparin to prevent this
complication with good results. On the other hand, no sub-
stantial increase in the thromboembolic event was found in
patients with thrombocytosis after splenectomy [21]. Be-
cause no standard use of antiplatelet agents has been pro-
posed to date, their role in the treatment of PSVT must be
evaluated and established.

In the present study, all 5 patients who had undergone
HALS developed total SVT. Four patients had both spleno-
megaly and portal hypertension due to liver cirrhosis. PSVT
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lends to develop in patients with hypersplenism because of
portal hypertension, and can be fatal [22]. Liver cirrhosis is
an established cause of PSVT and accounts for approxi-
mately 11.2% to 21.5% of cases {17,23],-and a high inci-
dence of postsplenectomy PSVT has been reported [24]. All
4 such patients developed total SVT. Three of the 4 patients
who received anticoagulant therapy and the other 1 who was
not treated had uneventful outcomes despite the serious
occlusion of portal venous system. We speculate that pre-
existing portal venous bypass flow plays an integral role,
and therefore concomitant interventions of the bypass flow
during operation require attention [22]. The other single
patient had a huge spleen (2315 g). Since flow stasis in the
remnant dilated splenic vein is considered an underlying
pathogenic mechanism of PSVT [5,20], these 5 patients
who underwent HALS were prone to develop PSVT.

We reported previously that LS was associated with a
significant incidence of PSVT [5]. The incidence of PSVT
in the present series of patients was also high (52%). The
Virchow’s triad (venous stasis, hypercoagulable state, and
endothelial cell injury) is a well-known etiologic factor for
venous thrombosis [25]. The increased incidence of PSVT
after laparoscopic surgery could be related to the hyperco-
agulable state and venous stasis by CO, pneumoperitoneum,
including reduced. pressure-mediated portal vein flow, hy-
percapnia-induced mesenteric vasoconstriction, and im-
paired coagulation [26]. Venous stasis in the splenic vein
stump following ligation of splenic hilar vessels is also
another factor. In LS, dissection of the pancreatic tail from
the retroperitoneum for the application of endoscopic sta-
pler is minimal, thus leaving a large stump of the splenic
vein. The venous flow is also reduced following the simul-
taneous ligation of the splenic artery. Therefore, patients
with large spleen, large splenic vein, and reduced splenic vein
blood flow are at higher risk for PSVT. In fact, 16 patients with
small spleens in our series did not develop PSVT.

In summary, PSVT after elective LS is a common dis-
order. Our data indicate that total SVT tends to occur in
patients with splenomegaly, and can potentially induce se-
rious complications. Patients with total SVT require prompt
anticoagulation. Further studies are required to determine
the relationship between the type of PSVT and poor prog-
nosis, and the preferred prophylaxis and treatment.
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Abstract

Laser microdissection (LMD) is a recent development that enables the isolation of specific cell populations from tissue sections. This
study focuses on the potential of LMD as a tool in cancer glycomics using colon cancer as a model. LMD was performed on hematoxylin
and eosin stained frozen tissue sections. Tumor cells and normal epithelial cells were selectively microdissected. N-Glycans from the
LMD- and the bulk tissue-derived samples were liberated by hydrazinolysis and then labeled with 2-aminopyridine. After sialidase diges-
tion, the resulting asialo-N-glycans were analyzed by normal and reversed phase HPLC combined with mass spectrometry. Comparison
of the various N-glycan profiles with the aid of LMD identified seven characteristic N-glycans with significantly different expression pro-
files between normal and cancerous cells that could not be detected by conventional analysis. Thus, LMD is a potent and useful tool for

analyzing variations in the expression of N-glycans by overcoming the problem of tissue sample heterogeneity.

© 2006 Elsevier Inc. All rights reserved.

Keywords: Colon cancer; Glycomics; Microdissection; N-Glycans; Pyridylamination

It is well known that glycans on the cell surface or in the
extracellular space play important roles in cellular differen-
tiation, adhesion, and proliferation {1,2]. The biosynthesis
of glycans is tissue-specific and is regulated not only by
physiological conditions, but also by pathological condi-
tions such as tumorgenesis [3-5]. Aberrant glycosylation
of membrane components occurs in essentially all types
of human cancers, and many glycosyl epitopes constitute
tumor-associated carbohydrate antigens (TACAs) [6-8].
Many lines of evidence suggest that the TACAs function
mainly as adhesion molecules and contribute to cancer
metastasis [7,9—11]. Alteration of the expression profile of
TACA: in certain types of cancer has prompted researchers
to evaluate their potential use as diagnostic and/or prog-
nostic tools.

" Corresponding author. Fax: +81 6 6972 7749.
E-mail address: miyamoto-ya@mc.pref.osaka.jp (Y. Miyamoto).
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The application of glycomics to cancer research can
highlight changes in the expression profile of the glycans
occurring during tumor development and progression,
leading to the identification of new molecular markers or
potential therapeutic targets. However, because cancer tis-
sue is composed of multiple subpopulations of cells, includ-
ing normal epithelial cells, stromal cells, inflammatory
cells, and angiogenic elements, accurate molecular analysis
requires isolation of the tumor cells. Laser microdissection
(LMD) is a recently developed technique that permits the
reliable procurement of specific cell populations from tissue
sections under direct microscopic observation. The laser-
assisted microdissection technique has already been exten-
sively used to isolate specific types of cells for the molecular
analysis of DNA, RNA, and protein. However, in the field
of glycan research, only one application of this technique
for the analysis of glycosaminoglycans in postmortem
human LASIK corneas has been reported [12]. Because
LMD is a highly time consuming technique, feasibility
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and usefulness of this procedure must be thoroughly eval-
uated prior to its application in the analysis of glycans in
cancer specimens.

In this study, we have investigated the potential of LMD
as a tool in cancer glycomic studies using colon cancer as a
model. Asialo-PA-N-glycans were prepared from bulk
colon cancer tissue, bulk normal colon tissue, and from
both normal colonic epithelial cells and cancerous colonic
cells isolated from the bulk tissue using LMD. The N-gly-
cans were then analyzed by normal and reversed phase
HPLC in combination with mass spectrometry. LMD
enabled us to identify seven characteristic N-glycans which.
displayed remarkable differences in the expression profile
between normal and cancerous colon cells that could not
be detected by conventional techniques. Our results dem-
onstrate the usefulness of LMD for the accurate analysis
of N-glycans in cancer glycomic studies.

Materials and methods

Standard PA-oligosaccharides. The structures and abbreviations of the
authentic PA-oligosaccharides used in this study are listed in Table 1.
Authentic PA-sugars were obtained from the following suppliers: 224F
from Takara (Shiga, Japan); 22bis, ag22bisF, G,22bisF, and 22bisF from
Seikagaku Co. (Tokyo, Japan). Ag22bis was prepared by digestion of
22bis with Jack bean f-galactosidase (Seikagaku Co.). The structure of
ag22bis was verified by normal and reversed phase HPLC analyses,
combined with successive exoglycosidase digestions and by mass spec-
trometric analysis.

Tissue. Paired samples of normal and cancerous colon were obtained
from the same patient by a standard colectomy procedure. Areas of tissues
examined were selected by an experienced gastrointestinal pathologist.
The tissue was cut into blocks, embedded in OCT compound (Sakura

Table 1
Structures and elution positions in HPLC of standard PA-oligosaccharides
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Finetechnical, Tokyo, Japan), snap frozen in liquid nitrogen, and stored at
—80 °C until use. This study was approved by Local Ethics Committee of
Osaka Medical Center for Cancer and Cardiovascular Diseases. Informed
consent was obtained from the patient.

Laser microdissection. Frozen tissue sections (8 um thick) of either
cancerous colon or normal colonic mucosa were cut on a cryostat, CM
1900 microtome (Leica, Milton Keynes, UK). Tissue sections were thaw
mounted on to a film-coated glass slide (90FOIL-SL25, Leica), briefly air

dried, and then fixed at room temperature in 95% ethanol for 1 min.

Staining was performed by the following procedure. Sections were
immersed in Mayer’s hematoxylin solution (Muto Pure Chemicals, Tokyo,
Japan) for 30s at room temperature, washed with phosphate-buffered
saline (PBS) until a vivid blue color appeared, and then immersed in pure
eosin solution (Muto Pure Chemicals) for 2s. The sections were then
dehydrated in 100% ethanol for 30 s and air dried. Laser microdissection
(LMD) was performed using a Leica AS LMD system.

Preparation of protein extracts. After microdissection, the microdis-
sected cells were carefully transferred from a PCR tube to a glass centri-
fuge tube using water and a micropipette. The collected cells were
lyophilized and then solubilized in a 1:1 mixture of hexafluoroisopropanol
(HFIP) [13,14] and 0.2% acetic acid. Control samples, which had not been
subjected to LMD, were prepared from the frozen tissue sections cut
directly into the solubilization mixture. The protein concentration was
determined with a BCA protein assay kit (Pierce, Rockford, IL) using
bovine serum albumin as a standard. A protein sample of 300 jig was
collected, concentrated, and used for the preparation of PA-N-glycans.

Preparation of PA-N-glycans. N-Glycans were liberated from the gly-
coproteins by hydrazinolysis at 100 °C for 10 h and then re-N-acetylated
with acetic anhydride in a saturated sodium bicarbonate solution as pre-
viously described [15). The reducing ends of the liberated N-glycans were
labeled with a fluorophore, 2-aminopyridine, by reductive amination [16].
The excess reagents were removed by phenol—chloroform extraction and
cation-exchange chromatography [17]. The resulting PA-N-glycans were
further purified by normal phase HPLC according to the method of
Nakakita et al. [18] with minor modifications. Briefly, the lyophilized PA-
N-glycans were dissolved in water and then injected into a TSK gel Amide-
80 column (4.6 x 75 mm, Tosoh, Tokyo, Japan). The solvents used were

Abbreviation Structure Elution position in HPLC
RP (GU) NP (GU)
GlcNAcB1-2Manaly
ag22bis GlcNAcB1-4Manp 1-4GIcNAcB14GIcNAc-PA 11.45 5.37
GleNAcB1-2Manal”/
GalB1-4GIcNAcB1-2Mana 1\
22bis GlcN AcB1-4ManB14GIcNAcB14GIcNAc-PA 12.72 6.78
Ga]BlAGIcNAcB]-2Mana1/3
GlcNAcB1-2Manol Fucarl
ag22bisF GlcNAcB1-4ManP 14GIcNAcB14GIcNAc-PA 14.90 5.66
GlcNAcB1-2Manal”
GalB1-4GlcNAcB1-2Mana 1\ Fuca1\6
G,22bisF GIcNAcB1-4Manf 1-4GlcNAcP1-4GIcNAc-PA 15.86 6.29
GlcNAcB1-2Manal”
GalPB1-4GIcNAcBI-2Manat 1 Fucal
22bisF GlcNAcB1-4ManP1-4GlcNAcB1-4GlcNAc-PA 16.80 7.02
" GalB1-4GlcNAcB1-2Manat 1/
GalP14GIcNAcB1-2Mana 1 Fucol
' 9%F $Manp1-4GIcNACB14GIcNAC-PA 13.91 796

GalB1-4GIcNAcB!
P }Mana 17
GalB1-4GIcNACB1
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(A) 90% acetonitrile-3% acetic acid titrated to pH 7.3 with triethylamine
and (B) 20% acetnitrile-3% acetic acid titrated to pH 7.3 with triethyl-
amine. Elution was performed at a flow rate of 1.0 ml/min at 40 °C. The
column was equilibrated with solvent A, and after injection of a sample,
the following gradient was employed: 0-28% B over 7 min; 28-100% B
over 5 min; 100% B for 4 min. PA-N-glycans were detected with a fluo-
rescence spectrophotometer using excitation and emission wavelengths of
310 and 380 nm, respectively. The fraction between 7 and 16 min after the
injection was collected, concentrated, and used for the structural studies.

Preparation and size-fractionation of asialo-PA-N-glycans. PA-N-gly-
cans were dissolved in 50 pl of 100 mM ammonium acetate buffer (pH 5.0)
and then digested with 2 U/ml of Arthrobacter ureafaciens neuraminidase
(Nacalai Tesque, Kyoto, Japan) at 37 °C for 24 h. The reaction was ter-
minated by boiling for 3 min, followed by centrifugation at 13,000g for
10 min. The resulting supernatant was injected into a normal phase HPLC
apparatus equipped with a TSK gel Amide-80 column (4.6 x 75 mm), and
the asialo-PA-N-glycans were size-fractionated into nine fractions from
glucose unit (GU) 3 to GU12 at intervals of one glucose unit, according to
the method of Fujimoto et al. [19] with some modifications. The solvents
used were (A) 90% acetonitrile—0.6% acetic acid titrated to pH 7.3 with
triethylamine and (B) 20% acetnitrile-0.6% acetic acid titrated to pH 7.3
with triethylamine. The elution was performed at 40 °C using a flow rate
of 1 ml/min. The column was equilibrated with 5% solvent B, and after
injection of a sample, solvent B was increased linearly to 75% in 25 min.
The PA-N-glycans were detected using excitation and emission wave-
lengths of 310 and 380 nm, respectively.

HPLC for structural analysis. Reversed phase HPLC was performed at
30°C on a Cosmosil 3C;3-P column (2 x 100 mm, Nacalat Tesque) at a
flow rate of 0.2 ml/min. The solvents used were (A) 20 mM ammonium
acetate buflfer pH 4.0 and (B) the same buffer containing 0.5% 1-butanol.
The column was equilibrated with 5% solvent B, and after injection of a
sample, solvent B was linearly increased to 100% over 50 min and then
held at 100% for 3 min. Fluorescence was monitored using excitation and
emission wavelengths of 320 and 400 nm, respectively.

Normal phase HPLC was performed at 40 °C on a TSK gel Amide-80
(2 x 150 mm, Tosoh) at a flow rate of 0.2 ml/min. The solvents used were
(A) 90% acetonitrile-0.6% acetic acid titrated to pH 7.3 with triethylamine
and (B) 20% acetnitrile—0.6% acetic acid titrated to pH 7.3 with triethyl-

" amine. The column was equilibrated with 5% solvent B, and after injection

of a sample, solvent B was linearly increased to 75% over 40 min. Fluo-
rescence was monitored using excitation and emission wavelengths of 310
and 380 nm, respectively.

The structures of the PA-glycans were assessed by two-dimensional
sugar chain mapping [20-22]. The retention time of each of PA-glycans
was given in glucose unit based on the elution time of the PA-isomal-
tooligosaccharides. The behavior of authentic PA-oligosaccharides on
HPLC is shown in Table 1.

Glycosidase digestion for structural analysis. PA-glycans were digested
in a volume of 20 pul for 16 h at 37°C using the following enzymes:
Streptococcus pneumoniae B-galactosidase (Prozyme, San Leandro, CA),
specificity for B(1,4)Gal, 0.1 U/ml in 50 mM sodium acetate buffer, pH
5.6; Streptomyces sp.142 a-fucosidase (Takara), specificity for af1,3/4)Fuc,
0.2 mU/ml in 50 mM potassium phosphate buffer, pH 6.0.

NanoEST ion-trap mass spectrometry. Mass spectra of the PA-glycans
were observed on a Finnigan LCQ Deca XP ion-trap mass spectrometer
(Thermo Electron Co., Waltham, MA) equipped with a nanoESI device
(AMR, Inc., Tokyo, Japan) connected to a Paradigm MS4 pHPLC system
(Michrom BioResources, Inc., Auburn, CA). Reversed phase HPLC was
performed at room temperature on a Magic CI8 column (5pum,
0.2 x 50 mm, Michrom BioResources) with a FortisTip capillary needle
(AMR, Inc.) at a flow rate of 2 ul/min. The solvents used were (A) 5 mM
acetic acid titrated to pH 6.0 with triethylamine and (B) 50% (v/v)
methanol. The column was pre-equilibrated with solvent A, and 3 min
after injection of a sample, solvent B was increased to 100% over 1 min
and then held at 100% for 10 min. The nanoESI voltage was set at 1.8 kV
and the capillary temperature was 200 °C.

Results

Tissue preparation for LMD

Hematoxylin and eosin (H&E) are the most commonly
used histochemical stains. Good recovery (85%) of
pyridylamino (PA) N-glycans was obtained after H&E

Fig. 1. Photomicrographs of laser microdissection of H&E stained tissue sections of normal colon (A,B) and cancerous colon (C,D). (A,C) Normal colon
and cancerous colon, respectively, before microdissection. (B,D) Samples after successful microdissection. Representative data are shown.
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staining and solubilization of the sections with 50% hexa-
fluoroisopropanol (HFIP)/0.1% acetic acid mixture. More-
over, there was no gross effect on the resulting asialo-PA-
N-glycans profile of colon cancer tissues (Supplementary
Fig. 1). Thus, H&E staining and HFIP/acetic acid mixture
were used for tissue preparation prior to LMD and for sol-
ubilization of samples, respectively. Colon cancer cells and
normal colonic epithelial cells were successfully microdis-
sected with the laser from the tumor and normatl tissue sec-
tions, respectively, as shown in Fig. 1.

Comparison of N-glycan profiles from the LMD- and the
bulk tissue-derived samples

PA-N-glycans were prepared from the LMD- or the
bulk tissue-derived samples. After sialidase digestion, the
resulting asialo-PA-N-glycans were separated into nine
fractions (F1-F9) by normal phase HPLC (Fig. 2), in
which oligosaccharides were separated in accordance with
their molecular size. Each of the collected fractions was
further separated by reversed phase HPLC. Comparison
of the N-glycan profiles obtained from the LMD-derived
samples with those from the bulk tissue-derived samples
showed clear differences in fractions F2-F6 (Fig. 3).
Although the expression profile of many N-glycans is dif-
ferent between normal and cancerous cells, we picked up
12 characteristic peaks (G1-G12) whose marked expres-
sion changes could only be detected using the LMD proce-
dures. The detection of these peaks directly demonstrates
the potential of using LMD to overcome problems associ-
ated with tissue heterogeneity. All 12 peaks displayed a
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substantial decrease in intensity in the cancerous colon cells
relative to normal colon cells. Each of these peaks was frac-
tionated and further purified by normal phase HPLC for
structural analysis as described in Materials and methods.
Elution positions of GI-G12 on normal and reversed
phase HPLC are summarized in Fig. 4A as a two-dimen-
sional map. Peaks G3, G5, G10, and G12 had the same
positions on the map as G2, G4, G6, and G9, respectively,
indicating that each paired peak possessed the same struc-
ture. These results presumably arose from incomplete sep-
aration during the initial size-fractionation step (Fig. 2).
From the positions on the map corresponding to authentic
PA-N-glycans (Table 1), G1, G2 (G3), G4 (G5), G6 (G10),
and G9 (G12) were estimated to be ag22bis, ag22bisF,
G;22bisF, 22bisF, and 224F, respectively. These structures
were also confirmed by mass analysis (Table 2). The struc-
tures of the peaks G7, G8, and G11 were determined by
two-dimensional mapping combined with exoglycosidase
digestion and mass spectrometry as follows.

Peaks G7 and G8, both of which had the same compo-
sition of HexsHexNAcsdHex,-PA (Table 2), were sequen-
tially digested with exoglycosidases in following order: 1st
S. pneumoniae P(1,4)-galactosidase, S. sp142 o(1,3/4)-fuco-
sidase, and 2nd S. pneumoniae B(1,4)-galactosidase (Fig. 4B
and Supplementary Table 1). A single residue was removed
at each step, indicating the presence of one Lewis™ structure
with fucose linked a(1,3) to GlcNAc (the presence of fucose
rendering the galactose residue resistant to cleavage). Elu-
tion positions on the map of the digests were shifted to that
corresponding to the authentic PA-N-glycans, G,22bisF
and ag22bisF, after digestion with the a-fucosidase and
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Fig. 2. Size-fractionation HPLC of asialo-PA-N-glycans from normal colon and colon cancer. (A,B) Normal and cancerous colon, respectively, which
were not subjected to laser microdissection (LMD). (C,D) Normal and cancerous colon, respectively, which have been subjected to LMD to isolate normal
epithelial cells and tumor cells. Numbered arrowheads indicate the elution position of PA-isomaltooligosaccharides with the corresponding degree of
polymerization. Fractions F1-F9 were collected as indicated by the partitioned bars.
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Fig. 3. Reversed phase HPLC profiles of the fractions F2-F6. (A,B) Normal and cancerous colon, respectively, which were not subjected to laser
microdissection (LMD). (C,D) Normal and cancerous colon, respectively, which have been subjected to LMD. Twelve peaks (G1-G12) were collected.

the 2nd B-galactosidase, respectively. Thus the structures of
these two peaks were estimated to be 22bisF with one Lew-
is* structure.

Peak Gl11, which had the composition of HexsHex-
NAcsdHex;-PA (Table 2), was resistant to digestion with
S. pneumoniae B(1,4)-galactosidase, but was sensitive to
sequential digestion with S. sp142 «a(1,3/4)-fucosidase fol-

lowed by S. pneumoniae B(1,4)-galactosidase (Fig. 4B and
Supplementary Table 1). Two residues were removed at
each step indicating the presence of the two Lewis™ struc-
tures with fucose linked a(1,3) to GlcNAc. Elution posi-
tions on the map of the digests were shifted to that
corresponding to the authentic PA-N-glycans, 22bisF and
ag22bisF, after digestion with the o-fucosidase and the
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