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ABSTRACT

Vitamin D3-binding protein (Ge protein), a serum glycoprotein, Is the
precursor for the macrophage activating factor. Cancer patient sera
contain a-N-acetylgalactosamlnldase that deglycosylates Ge protein. De
glycosylated Ge protein cannot be converted to macrophage activating
factor, leading to Immunosuppresslon. Of 46 oral cancer patients with
squamous cell cardnoma, approximately 22% had greatly reduced pre
cursor activities. The precursor aCtivIty of approximately 61% of these

@nt.swas moderately reduced. The remaining patients (17%) had
precursor activities equivalent to those of healthy humans. Patients with
low precursor activity of serum Gc protein had high serum a-N-acetyl
galactosaminidase activity. In contrast, patients with high precursor ac
tivity had low serum a-N-acetylgalactosaminldase activity. Thus, levels of
serum a-N-acetylgalactosaminldase ofindividual patients have an inverse
correlation with precursor activities of their serum Gc protein. Surgical
removal oftumors resulted In a subtle decrease In serum a-N-acetylgalac
tosaminidase activity with concomitant Increase In the precursor activity
of serum Ge protein. Serum enzyme analysis of nude mice transplanted
with a human oral squamous carcinoma cell line revealed that senim
a-N-acetylgalactosaminidase activity Is directly proportional to tumor

ew-N-acetylgalactosamlnjdase activity in patient blood

(9â€”12)and superoxide-generating (14, 15) capacities of macrophages,
suggesting a rapid transmission of macrophage activating signal from
lyso-Pc-treated lymphocytes (B and T cells) to macrophages during
the 30-mn lyso-Pc treatment period. Macrophage activation requires
serum Gc protein and participation of lymphocytes (5, 7, 16â€”18).As
shown in Fig. la, a trisaccharide composed of N-acetylgalactosamine,

galactose, and sialic acid on Gc protein is hydrolyzed by the lyso-Pc
inducible fI-galactosidase of B cells to yield a macrophage proacti
vating factor, which is in turn converted by the action of a T-cell
sialidase to MAP, a protein with N-acetylgalactosamine as the remain
ing sugar moiety (5â€”7,18). Thus, Gc protein is a precursor for MAP
(5â€”7,18). In vitro hydrolysis of Gc protein with immobilized @3-ga
lactosidase and sialidase yields a remarkably high-titered MAF,
termed GcMAF (6, 7, 18). A minute amount (4â€”10pg/mouse) of
GcMAF given to mice results in greatly enhanced phagocytic and
superoxide-generating capacities of macrophages (6, 7, 18).

When we characterized peripheral blood lymphocytes and Gc pro
tein in patients bearing various types of cancer, lymphocytes of all
cancer patients were capable of generating MAP. However, the MAF
precursor activity of plasma Gc protein was lost or reduced, leading to
immunosuppression (4). Loss of the precursor activity was due to
deglycosylation of Gc protein by a-N-acetylgalactosaminidase activ
ity detected in a variety of cancer patients (4). Because of readily
perceptible primary oral tumors and metastasis (19, 20), we chose oral
squamous cell carcinoma patients to study correlation between the
precursor activity and a-N-acetylgalactosaminidase activity in patient

sera and surgical effect on these parameters. To determine the diag
nostic/prognostic value of a-N-acetylgalactosaminidase, correlation
between serum a-N-acetylgalactosaminidase activity and tumor bur
den was investigated using a nude mouse model transplanted with a
human oral squamous cell carcinoma cell line.

MATERIALS AND METHODS

Reagents and Media. Lyso-Pc and p-nitrophenyl N-acetyl-a-D-galac
tosaminide were purchased from Sigma Chemical Co. (St. Louis, MO). Lym
phoprep was obtained from Polysciences, Inc. (Warrington, PA). For in vitro
manipulationandcultivationof lymphocytesandphagocytes,0.1%eggalbu
mm-supplementedRPMI 1640wasused.

Nude Mouse and Cell Line. FemaleBALB/c nu/numice, 4-5 weeks old
weighing â€”20g, were obtained from the Japan SLC, Inc. (Shizuoka, Japan).
Mice were fed Purina Mouse Chow and water ad Iibitwn. The nude mice were
transplanted with a human oral squamous carcinoma cell line, KB.

Collection of Sera from Oral Cancer Patients. All patient blood samples
were collected in yellow top tubes for serum separation. After centrifugation at
1500 X g for 15 ruin, serum samples were assayed for both the precursor
activity of Gc protein and a-N-acetylgalactosaminidase activity.

Histological Analysis and Clinical Staging of Oral Cancer. Biopsy us
mor tissue specimens were fixed in 10% formalin, embedded in paraffin, and
cut into 4-pin sections. After deparaffinization, they were stained with H&E
and examined histologically. Histological review included all slides of each
case and evaluation for the following parameters (21): (a) tumor types (squa
mous cell carcinoma or others); (b) tumor differentiation grade (well, moder
ately,andpoorly differentiated);and(c) tumor invasioninto lymphovascular
spaces.Using roentgenography and scintigram, the patients were grouped into
four stagings based on the tumor-node-metastasis classification of the Inter
national Union Against Cancer system (22).

burden. Thus,
stream can serve as a dlagnosife/prognoslic Index.

INTRODUCTION

Advanced cancer patients suffer from a deficiency of immunity and
increased susceptibility to infection (1, 2). Susceptibility of cancer
patients to infection and concomitant depression of antibody produc
tion become more evident as the disease progresses (3). Recently, a
defect in the macrophage activation cascade has been demonstrated in
all types of cancer patients (4). Particularly advanced cancer patients
have a severe defect in macrophage activation process. Because
macrophage activation for phagocytosis and antigen presentation is
the first step in the immune developmental cascade, a defect in the
macrophage activation cascade leads to immunosuppression.

Inflammation-primed macrophage activation cascade has been de
fined as the major process for the production of MAF@ (5â€”8).Infec
tions and tissue damage induce inflammation, resulting in macrophage
activation (9â€”12).Membranous lipid metabolites of inflamed tissues,
lysophospholipids, are potent macrophage stimulating agents (9â€”12).
Administration of lyso-Pc to mice activates macrophages to phago
cytize target antigens or cells via the Fc receptor and to generate
superoxide (9â€”13).In vitro treatment of mouse peritoneal cells (mix
tare of macrophages and lymphocytes) with lyso-Pc in a serum
supplemented medium for 30 rain, followed by a 3-h cultivation of the
macrophages without lymphocytes, markedly enhanced phagocytic
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Analysis of Squamous Cell Carcinoma Antigen In Oral Cancer Patient
Sara. Oral cancer patient sera were submitted to RIA for SCCAg by the
method of Kato and Torigoe (23). Values of patient SCCAg assayed by RIA
are dependent on the quality of monoclonal antibody. Therefore, before

SCCAg RIA of cancer patient sera, healthy human sera were assayed for
standardization and found to be <2 ng/ml of serum.

Assay for MAF Precursor Activity of Serum Ge Protein. Peripheral
blood mononuclear cells (mixture of phagocytes and lymphocytes) of healthy
humans can be used for determination of the MAF precursor activity of patient
serum Gc protein. Healthy human blood samples were collected in purple-top
tubescontainingEDTA to preventcoagulation.A 5-mIbloodsampleand5 ml of
saline (0.9% NaCI) were mixed and gently laid on a 15-mI centrifuge tube
containing 3 ml of Lymphoprep and centrifuged at 1000 X g for 15 ruin. The
dense white mononuclearcell layer containing monocytes/macrophages(desig
nated phagocytes) and lymphocytes (B and T cells) was collected using Pasteur

pipettes,washed twice with PBS, suspendedin 0.1% egg albumin-supplemented
RPMI 1640,and placed in 16-mmculture wells at a concentrationof 6â€”9X l0@
cells/well.Incubationfor 45 ruin in a 5%CO2incubatorat 37Â°Callowedadher
ence of phagocytes to the plastic substrata.Lyso-Pc (I pg/mi) was added to the
wellsand incubatedat 37Â°Cfor 30 rain.The adherentphagocytesand nonadherent
lymphocyteswerewashedseparatelywith PBS,admixed,andculturedfor 3 h at
37Â°Cin a medium supplemented with 0.1% patient senim as a source of Oc
protein before assay for superoxidegenerationof the phagocytes.

For superoxidegenerationassay (14, 15), the phagocyteswere washedwith
PBS andincubatedin 1 ml of PBScontaining20 @gofcytochromec for 10mm.
About 30 mm after addition of phorbol-l2-myristate acetate (5 @g/ml),the
superoxide-generatingcapacityof the phagocyteswas determinedby spectropho
tometricalcytochromec reduction at 550 am. The data were expressedas nano
moles ofsuperoxide produced/min/l0@phagocytesand were taken to representthe
precursoractivity of serum Oc protein of individualpatients.

Detection of a-N-Acetylgalactosaininidase in Patient Bloodstream.
Cancerpatientsera(300pJ) andnudemousesera(100s.d)wereprecipitated
with 70% saturated ammonium sulfate. The precipitates were dissolved in 50
mMsodium citrate buffer (pH 6.0) and dialyzed against the same buffer at 4Â°C
for 2 h. The dialysates were made up to 1 ml in volume and assayed for the
enzyme (4, 24). Substrate solution (250 p1) contained 5 @molof p-nitrophenyl
N-acetyl-a-D-galactosaminidein 50 mMcitratebuffer(pH 6.0).Thereaction
was initiated by addition of 250 @lof the dialyzed samples, kept at 37Â°Cfor
60 mm, and terminated by adding 200 p1 of 10% trichloroacetic acid. After
centrifugation of the reaction mixture, 300 @lof 0.5 MNa2CO3solution were
added to the supernatant. The amount of released p-nitrophenol was deter
mined spectrophotometrically at 420 nm and expressed as nmol/mg/min.
Protein concentrations were estimated by the Bradford method.

Serum a-N-acetylgalactosaminidase activity is extremely stable and highly
reproducible after storage at 4Â°Cfor more than a month (4). To study the effect
of surgical removal of malignant lesions on the serum enzyme level, sera
collected at various postoperative periods in several cases allowed us to
analyze changes in the enzyme level.

Histological and Tumor Antigen Analyses of Oral Cancer. A
cohort of 46 oral cancer patients with squamous cell carcinoma was
studied. We began histological examination of 36 patients at the time of
diagnosis. The remaining 10 patients have already been under various

therapies. As shown in Table 1, carcinoma tissues of 36 newly diagnosed
patients were characterized by degree of differentiation. The majority

(86%) of patients' tumors was well differentiated, whereas only five
patients' tumors were moderately differentiated. Tumor-node-metastasis
stagings of individual patients were also determined.

Scm ofthe individual patients were analyzed for SCCAg by RIA using
monoclonal antibody (23). These patient sera contained various levels of
the antigen, ranging from 0.5 to 14.1 ng/ml of serum. No significant
correlation between SCCAg levels and histology or staging can be seen
in Table 1. The majority (23 patients) carried SCCAg <2.0 ng/ml. Only
eight patients (approximately 26% of this patient population) carried
SCCAg >2.0 ng/ml. Because sara of healthy humans contain up to 2
ng/ml of SCCAg, the majority of this patient population falls within the
antigen levels of healthy humans. Thus, establishment of sensitive diag
nostic and prognostic indices was imperative.

Precursor Activity of Serum Gc Protein in Oral Cancer Pa
tients. When lyso-Pc-treated peripheral blood mononuclear cells

(mixture of lymphocytes and phagocytes) of healthy humans were
cultured in a medium supplemented with 0.1% serum of individual
patients for 3 h, the precursor activity of serum Gc protein was greatly
reduced in approximately 22% of this patient population and produced
superoxide ranging from 0.31 to 1.5 nmol/min/l06 cells as shown in
Table 2. Thus, phagocyte activation cannot develop in certain cancer
patients. In this analysis, approximately 61% of the patients had

moderately reduced MAF precursor activities of serum Gc protein, as
demonstrated by phagocytes to produce superoxide ranging from 1.5
to 3.7 nmoL/min/106 cells. The remaining cancer patients (approxi
mately 17%) had MAP precursor activities (>4.0 nmol/min/l06
phagocytes) similar to those of healthy humans.

Deglycosylation of Gc Protein Is the Cause for Loss of Precur
sor Activity. Loss of the MAF precursor activity of patient serum Gc
protein appears to be the result of deglycosylation of Gc protein (4,
24). Deglycosylated Gc protein cannot be converted to MAP (Fig. lb).
Because Gc protein is O-glycosylated (25, 26), deglycosylation of
serum Gc protein appears to be due to the presence of a-N-acetyl
galactosaminidase in the patient bloodstream (4). Thus, serum sam
ples of these oral cancer patients were assayed for a-N-acetylgalac
tosaminidase. As shown in Table 2, patients having a greatly reduced
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Table I Site and histological classification of carcinoma. SCCAg, and clinical staging of oral cancer patients
Healthy human sera contain SCCAg ranging from 0.3 to 2.0 ng/ml of plasma.

Patient
SCCAg

(ng/ml plasma)C

I .2
4.9
4.1

0.8
0.8
I .0
0.4
2.2
I .2
0.5
1.1
ND
7.0
I .0
0.8
0.7

0.6
I.2
2.1

ND
ND
2.9

I.0
0.4
1.4
ND
2.2
2.3
I .6
0.6
1.2
ND
0.5
I .2
0.9

Original tumor staging@'

T2N0MÃ˜ II
T1N@M0 Ill
T2N1M0 II
T2NÃ˜M() II
T1N@M0 I
T2N@M0 II
T2N1M0 III
T3N@M,J 111
T2N(@M0II
T1N@M@) III

T2N@M0 II
T,N@M0 II
T4NQM0 IV
T3N@M0 III
T1N@M() I
T1N(@M@J I
T2N@M() II
T1N(@M0I
T4N1M0 IV
T2N@M() II

T2N@M0 II
T3N@M@Ill
T4N@M() IV
T3N1M0 III
T1N@M() I
T,N@M@) II

T3N1M@ Ill
T2N@M0 II
T4N@,,MÃ˜IV
T2N1M0 III
T2N1M@ Ill
T2N1M@ Ill
T,N(@M0 II
T2N@M,@II
T4N1MÃ˜ IV
T2N(@M0II

No.

2
3
4

5
6
7
8
9

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

33
34
35
36

a@ squamouscell carcinoma.

b Tumor-node-metastasis.
C ND, not determined.

Site and Typeâ€•

Tongue, well differentiated 5CC
Tongue, well differentiated 5CC
Oral floor, well differentiated SCC
Lower gingiva, well differentiated 5CC
Tongue, well differentiated SCC
Upper gingiva, well differentiated 5CC
Buccal mucosa, well differentiated 5CC
Tongue,welldifferentiated5CC
Lower gingiva, well differentiated 5CC
Maxillary sinus, well differentiated SCC
Lower gingiva, well differentiated 5CC
Tongue, well differentiated SCC
Oral floor, well differentiated 5CC
Maxillary sinus, well differentiated 5CC
Tongue, well differentiated 5CC
Oral floor, well differentiated 5CC
Buccal mucosa, moderately differentiated 5CC
Tongue, well differentiated 5CC
Lower gingiva. well differentiated SCC
Buccal mucosa, well differentiated 5CC
Buccalmucosa,welldifferentiated5CC
Oral floor, well differentiated 5CC
Oral floor, well differentiated5CC
Tongue, well differentiated 5CC
Tongue, well differentiated 5CC
Lower gingiva, well differentiated 5CC
Upper gingiva, well differentiated 5CC
Upper gingiva, moderately differentiated 5CC
Tongue, moderately differentiated 5CC
Tongue, well differentiated 5CC
Tongue, moderately differentiated 5CC
Oral floor. moderately differentiated 5CC
Oral floor, well differentiated 5CC
Lower gingiva, well differentiated 5CC
Lower gingiva, well differentiated 5CC
Buccal mucosa, well differentiated 5CC

precursor activity of serum Gc protein carried large amounts (3.51â€”

7.88 nmol/mg/min) of cs-N-acetylgalactosaminidase in their blood
stream. Patients having moderately reduced precursor activity carried
a-N-acetylgalactosaminidase activities ranging from 1.15 to 3.12
nmol/mg/min. Patients who had high levels of precursor activity

carried small but significant amounts (0.75â€”1.15nmol/mg/min) of
a-N-acetylgalactosaminidase in their bloodstream. Sera of healthy
humans contained an extremely low level (approximately 0.29 nmol/
mg/mm) of a-N-acetylgalactosaminidase activity. Thus, the enzyme
activity in patient sera clearly showed an inverse correlation with the
precursor activity of the patient serum Gc protein, as can be seen in
Table 2. To illustrate this inverse correlation between the precursor
activity and serum a-N-acetylgalactosaminidase activity of all 36
patients, the enzyme activity was plotted against the precursor activity
of plasma Gc protein. As shown in Fig. 2, serum a-N-acetylgalac
tosaminidase activity increased as the precursor activity of plasma Gc
protein decreased, and a linear inverse correlation between the pre
cursor activity and plasma enzyme activity is clearly evident at
enzyme levels above 1.3 nmol/mg/min. When we followed the pre
cursor activity and serum a-N-acetylgalactosaminidase activity of
these oral cancer patients for 2 years, regardless of therapeutic back
ground (i.e., various chemotherapies and radiation), the data fall in the
same linear inverse correlation as those values at the time initially
diagnosed, as shown in Fig. 2. Thus, increase in patient serum a-N-
acetylgalactosaminidase activity is exclusively responsible for de
crease in the precursor activity of serum Gc protein. However, be
cause a large amount (250 @g/ml)of Gc protein circulates in the
bloodstream, small amounts (< 1.3 nmol/mg/min) of serum a-N-

acetylgalactosaminidase hydrolyze only a small fraction of Gc pro
tein, and thus do not affect their precursor activity significantly (see
Fig. 2). Nevertheless, these results led us to conclude that deglyco
sylation of serum Gc protein by a-N-acetylgalactosaminidase is a
cause for inactivation of the precursor activity of plasma Gc protein,
thus leading to immunosuppression.

The Origin of Serum a-N-Acetylgalactosaminidase. We pro
posed previously that the origin of serum a-N-acetylgalactosamini
dase is cancerous cells (4). High a-N-acetylgalactosaminidase activ
ities were detected in tumor tissue homogenates of various organs (4).
As shown in Table 3, surgical removal of malignant lesions results in
a subtle decrease of plasma a-N-acetylgalactosaminidase activity,
with concomitant increase in the precursor activity. However, even
after surgical removal of primary tumor lesions, the postoperative
patients carried significant amounts of a-N-acetylgalactosaminidase
activity in their bloodstream, suggesting that the enzyme is derived
mainly from the metastasized tumor lesions. When lymph nodes
harboring metastasized cancerous cells became palpable, surgical
removal of the lymph nodes further decreased the serum enzyme
activity toward that of the healthy control level with concomitant
increase of the precursor activity to the healthy control (Table 3).

Quantitative Correlation of a-N-Acetylgalactosaminidase Ac
tivity with Tumor Burden. When a human oral squamous cell
carcinoma (KB) cell line was cultured, a-N-acetylgalactosaminidase
activity in cultured medium increased as cell counts increased (data
not shown). From 1 week after nude mice were transplanted s.c. with
2 X 106@ cells/mouse, we began analyzing serum a-N-acetylgalac
tosaminidase activity. Serum a-N-acetylgalactosaminidase activity in
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PatientTumor lesions; timinga-N-acetylgalactosaminidasePrecursor
activity
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operation(nmol/mg/min)produced)

6

8

9

25

29

8

29

44

. newlydiagnosed,
untreated patients

0 follow-uppatents
â€” healthycontrols

.

0

a-N-ACETYLGALACTOSAMINIDASEAS A PROGNOSTIC INDEX

Table2 MAFprecursoractivityofserumGcproteinand a-N-acetj
activity in bloodstream of oral cancer patients

Nanomoles of superoxide
produced/min/l06 cells;

assay on lyso-Pc a-N-acetylgalactoeaminidase
Patient no. lymphocytes/phagocytesâ€• activity (nmol/mg/min)

I 2.61 1.80
2 1.42 6.51
3 5.19 1.11
4 1.07 3.51
5 3.45 1.96
6 1.11 7.40
7 0.72 7.03
8 1.19 7.22
9 2.14 3.12

10 0.31 7.88
II 2.76 2.34
12 1.22 7.21
13 3.21 1.15
14 3.07 1.68
15 3.55 1.47
16 3.04 2.14
17 2.23 2.62
18 1.49 4.94
19 2.57 2.89
20 1.83 4.86
21 4.32 1.45
22 3.41 1.95
23 2.54 2.04
24 3.71 1.92
25 2.58 2.80
26 2.75 2.24
27 2.95 1.75
28 4.02 1.27
29 2.65 2.36
30 2.52 2.62
31 4.08 1.28
32 2.85 2.04
33 3.62 1.61
34 4.01 0.74
35 2.92 2.30
36 2.72 2.21

Healthy humansâ€• 4.69 Â±0.43 0.29 Â±0.10

aPrecursoractivitiesof patientserumGcproteinwereanalyzedusing0.1%patient
serum. No serum control is 0.085.

b Values represent mean Â± SD of 12 healthy humans.

...... .1

0 1 2 3 4 5 6 7
MAF precursor activity (nmoles of Ovmin/1OÂ°phagocytes)

Fig. 2. Inverse correlation between the precursor activity of serum Gc protein and
a-N-acetylgalactosaminidase detected in patient bloodstream. All follow-up serum spec
imens were obtained from patients who are not under treatment (at least 2 weeks after a
variety of treatments).

creased as the tumor size (measured by weight) of the solid tumor
increased, as shown in Fig. 3. Thus, the enzyme activity was directly
proportional to tumor burden in the host. In support of this finding,
serum a-N-acetylgalactosaminidase activity levels in BALB/c mouse
transplanted with Ehrlich ascites tumor are proportional to the tumor
cell counts in peritoneal cavity (27).

In the present paper, we began investigating oral squamous cell car
cinoma to determine the diagnostic/prognostic value ofthe existing tumor
marker and histological analysis. Squamous cell carcinoma antigen was

detected at significant levels in only approximately 26% of this patient
population. We found no obvious correlation between the carcinoma

antigen and histological analysis or disease staging. Thus, an alternate
diagnostic/prognostic assay for oral cancer became desirable. The malig
nant specific serum enzyme a-N-acetylgalactosaminidase was detected in
all stages of the oral cancer patients. This enzyme is universally detected
in a variety of cancer patients, but not in healthy humans (4). Patient
serum a-N-acetylgalactosaminidase deglycosylates Gc protein (Fig. 1 b).
Deglycosylated Gc protein cannot be converted to MAF. Thus, this
serum enzyme inactivates the MAF precursor activity of Oc protein.
Advanced cancer patient serum contains high a-N-acetylgalactosamini
dase activity, leading to no macrophage activation (4). Because macro
phage activation is the first step in the immune development cascade,
such cancer patients become severely immunosuppressed. This may
explain, at least in part, why cancer patients die from overwhelming
infection, e.g., pneumonia.

HIV-infected patients also carry a-N-acetylgalactosaminidase in
their bloodstream (24). This enzyme seems to play a role in immu
nosuppression in HIV-infected/AIDS patients. The enzyme in cancer
patients appears to be coded by an oncogene, whereas the enzyme in

Primary tumor
1 week preoperation 7.85 0.05
2weekpostoperation 1.14 3.21

Primary tumor
2 day preoperation 7.21 0.48
1 day postoperation 1.72 2.95
3 week postoperation 1.43 3.43

Primary tumor
1 day preoperation 3.01 2.52
1 day postoperation 1.11 4.12
3 day postoperation 1.17 3.75
6 day postoperation 1.24 3.62

Primary tumor
3 week preoperation 2.80 2.58
5 day postoperation 1.7 1 3.12
2 week postoperation 1.56 3.27

Primary tumor
1 week preoperation 3.27 2.43
2 week postoperation I .01 3.83
3 week postoperation 0.98 3.98

Metastasized nodesâ€•
1 day preoperation 1.89 2.92
1 day postoperation 0.66 4.11
3 day postoperation 0.55 4.55
7 day postoperation 0.46 4.58

Metastasized nodesâ€•
1 day preoperation 1.06 3.94
1 day postoperation 0.73 4.24

3 day postoperation 0.64 4.52
5 day postoperation 0.59 4.57

Metastasized nodesc
1 day preoperation 1.28 4.08
1 day postoperation 0.7 1 4.35
7 day postoperation 050 4.61

aRemovalof rightneckmetastasizedlymphnodesat3 monthsafterprimarytumor
operation.

b Removal of right neck metastasized lymph nodes at 1 1 months after primary tumor

operation.
C Removal of left neck metastasized lymph nodes at 5 months after primary tumor
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Fig. 3. Correlation between serum a-N-acetylgalactosaminidase activity and tumor
burden (measured by total weight) in nude mouse transplanted with human oral squamous
cell carcinoma (KB) cell line.

HIV-infected/AIDS patients is coded by the viral genome.4 An im
pairment of immune function of the hosts will enhance opportunities
for survival and proliferation of neoplastic cells (28). Thus, AIDS
patients are at extremely high risk for development of various forms
of malignant tumors (29).

Our accumulated evidence suggests that secretion of a-N-acetyl
galactosaminidase from cancerous cells to the bloodstream ap
peared to be responsible for deglycosylation of patient serum Gc
protein (4). The present study revealed that the amount of a-N-
acetylgalactosaminidase in the bloodstream is directly proportional
to the number of cancerous cells or the size of tumor in the hosts
(Fig. 3). Surgical removal of malignant lesions resulted in a subtle
decrease in serum a-N-acetylgalactosaminidase activity and con
comitant increase in the precursor activity. However, even after
surgical removal of tumor lesions, the majority of postoperative
patients carried significant amounts of a-N-acetylgalactosamini
dase activity in their bloodstream (Table 3), suggesting that the
enzyme is derived from the remnant cancerous lesions and/or
metastasized tumor lesions. These remnant cancerous lesions and
metastasis in these postoperative patients cannot be detectable by
any other procedures (e.g. , X-ray, Ga67 scintigram, etc). Oral
cancer often metastasizes to neck lymph nodes, but less frequently
into distant organs (19, 20, 30, 31). When the lymph nodes with
metastasized cancerous cells became palpable, surgical removal of
the metastasized lymph nodes resulted in subtle decreased enzyme
levels toward the healthy control level (see Table 3). Thus, levels
of a-N-acetylgalactosaminidase in cancer patient bloodstream
should serve as a prognostic index. Unlike various existing tumor
markers, this enzymatic tumor marker is universal among a variety

of cancers (4). We have been using this most sensitive enzyme
assay as a prognostic index during the course of radiation therapy

(4) and various other therapeutic procedures for various types of
cancer. Under a variety of therapeutic conditions, serum a-N-
acetylgalactosaminidase and the MAF precursor activity of Gc
protein always show an inverse correlation. Furthermore, direct
proportionality of serum a-N-acetylgalactosaminidase activity to
tumor burden in the hosts firmly supports the reliability of the
serum a-N-acetylgalactosaminidase activity as a prognostic index.

4 N. Yamamoto and V. R. Naraparaju, unpublished observations.
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