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ABSTRACT

Expression of a-amylase genes in thyroid tissues was studied by
assaying the total amylase activity as well as by using immunohistochem-
ical and Northern blot analysis. The amylase genes expressed were
determined by a combination of the polymerase chain reaction (PCR)
and blot analysis using synthetic probes specific for the three known
amylase isozyme complementary DN As. The samples consisted of tissues
from 18 human thyroid carcinomas (11 well-differentiated carcinomas, 2
poorly differentiated carcinomas, 1 anaplastic carcinoma, and 4 medullary
carcinomas) and 9 specimens of nonmalignant thyroid tissue (2 were from
nontumorous regions of resected glands and 7 were thyroid tissue from a
patient with Graves' disease). Salivary-type amylase was expressed at a

relatively high level in nonmalignant thyroid tissue and well-differentiated
carcinoma and could be detected by Northern blot analysis. In poorly
differentiated carcinoma, it was detected only by the PCR, while in
anaplastic or medullary carcinoma, it was not detected even by the PCR.
Thus, the expression of salivary-type amylase was characteristic of well-
differentiated follicular cells. These observations suggest that salivary-
type amylase expression may be a marker for identifying the histogenesis
and stage of differentiation of thyroid cancer. In addition, the AMY2B
gene product was detected in all different types of cells examined,
although its expression was only detectable by the PCR. Pancreatic type
amylase was not detected in any of the samples.

INTRODUCTION

Human Â«-amylases (l,4-Â«-glucan glucanohydrolase, EC
3.2.1.1) are mainly produced in the salivary glands and the
pancreas. The salivary and pancreatic n-amylases are encoded
by two different genes, which are respectively designated AMY!
and AMY2A. In addition, a novel type of Â«-amylase was de
scribed more recently (1), and the gene for this isozyme was
named AMY2B (2, 3). The product of this gene codes for an
isozyme with an amino acid sequence that is 97.5 and 98.8%
homologous to salivary-type and pancreatic type amylase, re
spectively. These three amylase genes are apparently subject to
different control elements (2, 3). Among them, the AMY2B
gene is considered to be the oldest on the basis of its structure
(4, 5).

One of the interesting aspects of amylase gene expression is
the production of this enzyme in some malignant tissues, such
as lung cancer (6, 7), ovarian cancer (8), and plasmacytoma (9).
Such amylase production could be related to the histogenesis
and carcinogenesis of malignant cells (6). Most of these malig
nant cells have been shown to produce salivary-type amylase,
but the details of the control of gene expression in such abnor
mal tissues remain largely unknown.

Amylase has also been detected in the normal thyroid gland
and in thyroid adenomas. Salivary-type amylase is generally
found, but there have been reports claiming that the other type
is also detectable (10, 11). However, it is not clear whether the
enzyme detected by biochemical studies was actually produced
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in the thyroid gland or just accumulated there, and the amylase
isoenzyme expressed in thyroid cancer has also not previously
been identified. The present study showed that salivary amylase
expression was abundant in nonmalignant thyroid tissues and
a significant level of expression of this isozyme was also de
tected in well-differentiated carcinoma. In poorly differentiated
carcinoma, this isozyme was detectable at a very low level,
whereas in anaplastic and medullary carcinoma, it was not
detected at all. These observations suggest that the expression
of salivary-type amylase is a characteristic of well-differentiated
follicular cells. The AMY2B gene was expressed by all of the
different histological types of thyroid cells, while pancreatic
amylase was not expressed by any of the thyroid cells.

MATERIALS AND METHODS

Tissue Samples. Thyroid tissue samples were obtained during surgery
from 25 patients, including 6 men and 19 women aged 24-80 years.
The clinical data for the patients are listed in Table 1. Normal thyroid
tissues were obtained from the parts of the glands distant to the
cancerous area. Tissues (0.5-2.0 g) were immediately frozen in liquid
nitrogen and were kept at -70Â°C until use within 1 month. Small

portions were fixed in 10% neutral buffered formaldehyde for immu-
nohistochemical analysis. Histological classification was performed
according to the criteria of Rosai et al. (12) and the World Health
Organization classification (13).

Assay of Tissue Amylase Activity. The assay was performed by the
chromogenic method of Ceska et al. (14) using blue starch polymer
(Pharmacia, Uppsala. Sweden) as the substrate. Because of the limited
amount of tissue available, usually only 50 mg was used for the test.
Activity was expressed in ILJ/g wet tissue.

Immunohistochemistry. A biotin-streptavidin immunoperoxidase
technique was used (Biotin Streptavidin Immunostaining Kit; Bio-
Genex Laboratories, Dublin CA). Briefly, endogenous peroxidase was
blocked by immersion in 0.03% hydrogen peroxide, the tissue samples
were exposed to 3% normal goat serum, and this was followed by
incubation with the primary antibody [rabbit polyclonal anti-human Â«-
amylase antiserum prepared by our laboratory (15); X500] for l h at
room temperature. This antiserum reacts indiscriminately with salivary
and pancreatic amylase as well as with the novel type of amylase (15,
16). The samples were then incubated with biotinylated goat anti-rabbit
IgG, followed by treatment with streptavidin-horseradish peroxidase
conjugate. Peroxidase activity was visualized using the diaminobenzi-
dine/HiCK reaction and the samples were counterstained with
hematoxylin.

Preparation of mRNA. Total cellular RNA was isolated from tissues
as described previously (17), and mRNA was purified by passage
through an oligo (dT)cellulose column (type 7; Pharmacia, Uppsala,
Sweden).

Preparation of the Amylase cDNA2 Probe for Northern Blotting. A
1.6-kilobase Xho\ fragment of pAMSA2 (18) that covers the entire
amino acid-coding region of salivary amylase cDNA (19, 20) was
labeled with 12P (specific activity, 4-8 x 10" cpm/j/g) by the random

priming method (21).
Northern Blot Analysis. An aliquot (5 Mg)of mRNA was denatured

by heating at 65Â°Cfor 15 min in 50% (v/v) formamide, subjected to

2The abbreviations used are: cDNA, DNA complementary to mRNA; SSC,

standard saline citrate; SDS, sodium dodecyl sulfate; PCR, polymerase chain
reaction.
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electrophoresis on 1% agarose 2.2 M formaldehyde gel (22), and then
transferred to a nylon filter (Gene Screen Plus; DuPont, Boston, MA).
After baking at 80Â°Cfor 2 h, the membrane was prehybridized at 65Â°C

for 1 hour in 6x SSC-1% SDS (Ix SSC is 0.15 M NaCl and 15 ITIM
sodium citrate). Hybridization was carried out at 65Â°Covernight in 6x

SSC-1% SDS in the presence of heat-denatured herring sperm DNA
(20 Mg/ml) and the amylase cDNA probe (1-2 x IO6cpm/ml). After

hybridization, the membrane was rinsed at room temperature in 2x
SSC-1 % SDS and then washed twice for 30 min each time in the above
solution at 65Â°C.The membrane was kept wet and exposed to the X-
ray film (XAR-5; Kodak, Rochester, NY) for 7 days at -70Â°Cwith an

intensifying screen. Intactness of mRNA was monitored using a probe
for -y-actin. For this purpose, the membranes were washed twice in
0.0Ix SSC-0.01% SDS at 90Â°Cto remove the amylase probe and then

rehybridized with the 7-actin probe which has a transcript of about 1.9
kilobases in size. The probe used was a 184-base pair HincH-Xbal
fragment prepared from pS12 (23), which has a sequence highly ho
mologous to that of 7-actin.

Synthetic Oligonucleotides. Oligonucleotides were synthesized by a
381A DNA synthesizer (Applied Biosystems, Forster City, CA). The
sequences of the primers used for the polymerase chain reaction are
shown in Fig. 5. These sequences were amylase mRNA specific and
were identical among the three amylase isozymes. The 5' primer is
located on exon 5, the 3' primer is located on exon 8, and the expected

size of the amplified segment was 473 base pairs. The sequences of the
probes specific for amylase isozymes that were used are also shown in

Fig. 5. They are located on exon 7 of the amylase genes, each having
one or two base substitutions.

Polymerase Chain Reaction. mRNA was reverse transcribed into
cDNA as described previously (24) with slight modifications. Briefly,
denatured mRNA (1 Mg)was incubated at 42Â°Cfor 60 min in 20 M'of

50 mvi Tris-HCI (pH 8.3), 75 niM KC1, 3 mM MgCl2, 10 HIMdithio-
threitol, 1 mM each of four deoxynucleotide triphosphates, and 0.5 Mg
of oligo (dT),2-]8 in the presence of Super Script reverse transcriptase
(200 units; Bethesda Research Laboratories, Gaithersburg, MD). It was
then heated to 95Â°Cfor 5 min and quickly chilled on ice. An aliquot (2

Ail)of this 20-/J reaction mixture was used for the PCR in 10 mM Tris-
HCI (pH 8.30), 50 niM KC1, 1.5 mM MgCl2, 0.01% (w/v) gelatin, 125
MMeach of four deoxynucleotide triphosphates, and 0.5 MMeach of the
5' and 3' primers in a final volume of 100 n\. Samples were placed in
a thermal cycler (Perkin Elmer Cetus, Norwalk, CT), heated to 95Â°C
for 5 min, and cooled to 55Â°Cfor 2 min, at which time 2.5 units of Taq

polymerase (Perkin Elmer Cetus, Norwalk, CT) was added. Forty
amplification cycles of denaturation at 95Â°Cfor 30 s, primer annealing
at 55Â°Cfor 30 s, and extension at 72Â°Cfor 1 min, were applied. The
samples were stored at 4Â°C.

Blot Analysis for Detection of Amylase Isozyme Expression. After
PCR amplification, 100 ng of each amplified sample was subjected to
electrophoresis on 1.5% agarose gel containing 0.5 Mg/ml of ethidium
bromide in Tris borate-EDTA buffer. The gels were then photographed
and the samples were transferred to a nylon filter (Hybond-N+; Amer-

sham, Arlington Heights, IL) in 0.4 M NaOH for 4 h, followed by

Table 1 Data for Â¡he25 patients with thyroid disease

Case no. andhistology"Nonmalignant

tissueNormal
thyroid1012Graves'

disease1234567Well-differentiated

carcinomaPapillary
carcinomag910m11

m1213141516Follicular

carcinoma1718Poorly

differentiatedcarcinoma19
m10Anaplastic

carcinoma21Medullary

carcinoma22232425Age555756243041395752403955625738566156555251718026404157SexFFMFFFMFMFFFMFMFFFFFFFFFMFFSÃ©rum

amylase*

(Ill/liter)15634575663684656354424156723463764726615241534540395360Amylase

isozymes ex-
Tissue amylase Immuno-pressed''(111/gwpt

hktn-Nnrthprntissue)
chemistry' blotting'' S PN37.0

++ +â€¢++-+30.2
++ + +++14.4

ND + ++ -+19.0
ND + +++8.8
ND + +++19.7
ND + +++43.5
ND + +++16.4
ND + +++21.1
ND + +++6.5

+ + ++ -+24.7
++ ND +++7.4
+ + +4-+21.5

++ + +++12.0
++ + +++17.0
++ ND +++15.8
++ + ++ -+13.9
++ + +4-+46.1
++ + +++11.3

-1- + ++ -+39.5
++ + +++11.7

-1- - + -++6.0
+ +++6.0

+++6.4

- ND - -+++5.1
++++5.5

ND+++9.8
+ - - - +++

" Normal tissues were obtained from a site distant from the cancerous area in the indicated patients, m. samples were obtained froma cervical lymph node metastasis

because the primary thyroid tumor was too small.
* Normal range. 21-78 IU/liter.
c Intensity of staining: ++, strong; +. weak; -, none. Strong staining in normal or well-differentiated carcinoma (10 of 13) was significantly more common (P <

0.05) by contingency analysis, x2 2 x 2, when compared to poorly differentiated and anaplastic carcinomas (0 of 3). ND, not done, the cytoplasm was too thin to

detect staining.
d +, Â«-amylasetranscript was detected; â€”,not detected after several days of exposure. ND, due to limited amounts of tissue. Production of amylase in nonmalignant

tissue or well-differentiated carcinoma (18 of 18) but not in poorly differentiated or anaplastic carcinomas (0 of 3); the difference was statistically significant (P <
0.01).

' S, salivary type amylase; P, pancreatic type; N, AMY2B gene product. Amplified amylase mRNA was blotted and detected with synthetic probes specific for the
three amylase cDNAs. The three amylase mRNAs were rated as follows: +++, 100%: ++. 90-70%; +, 30-10%; -. not detected.

3545

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/13/3544/2443764/cr0510133544.pdf by guest on 19 M

ay 2023



Â«-AMYLASE ISOZYMES IN HUMAN THYROID TISSUES

neutralization in 2x SSC. The membranes were then hybridized with
32P-end-labeled synthetic oligonucleotides probes specific for the amy-
lase isozymes (2 x IO6cpm/ml), as described above ("Synthetic Oligo
nucleotides," Fig. 5). Hybridization was performed for 4 h at 42Â°Cin

6x SSC-1% SDS in the presence of heat-denatured herring sperm DNA
(20 Mg/ml). The membranes were then washed in 2x SSC-1% SDS at
50Â°Cfor 30 min and subjected to autoradiography with an intensifying
screen at -70Â°C. After autoradiography, the membranes were rehybri-
dized with the "P-labeled amylase cDNA probe ("Preparation of the
Amylase cDNA Probe") to monitor the efficiency of DNA transfer to
the membranes. Hybridization was continued for 4 h at 65Â°Cin 6x
SSC-1% SDS in the presence of heat-denatured herring sperm DNA
(20 Mg/ml), membranes were washed in 2x SSC-1% SDS at 65Â°Cfor

30 min, and then autoradiography was performed with an intensifying
screen at -70Â°C.

RESULTS

Data for the 25 patients are shown in Table 1. They included
7 patients with Graves' disease, 11 with well-differentiated

carcinoma (9 papillary carcinomas and 2 follicular carcinomas),
2 with poorly differentiated carcinoma, 1 with anaplastic car
cinoma, and 4 with medullary carcinoma.

Amylase Activity in Serum and Thyroid Tissue. Serum amy
lase activity was measured before surgery, and tissue amylase
activity was assayed using the resected tissues. The results are
shown in Figs. 1 and 2. Only patient 10 with papillary carci
noma and large metastatic tumors in the neck showed hyper-
amylasemia. This patient had no disease of the pancreas, sali
vary glands, or kidneys.

The amylase activity in tumor tissue (14.8 Â±11.7 lU/g wet
tissue, mean Â±SD) was generally lower than that in the normal
thyroid tissue (30.6 Â±14.2 lU/g wet tissue), and the difference
was statistically significant (Student's ? test, P < 0.01). This

reflected the fact that some tumors did not express amylase,
whereas the follicular cells in the normal thyroid tissue con
tained a significant amount of amylase (see below). In Graves'

disease thyroid tissue, amylase activity was slightly low (20.4 Â±
11 lU/g wet tissue), but the difference was not statistically
significant.

Immunohistochemical Studies. Immunohistochemical studies
using rabbit polyclonal anti-Â«-amylase antiserum (see "Mate
rials and Methods") were performed for all of the thyroid tissue

150
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50

Graves' Cancer

Fig. 1. Scattergram depicting the serum amylase activity. Graves', seven cases
of Graves' disease. Cancer, the 18 carcinoma patients shown in Table 1. Dashed

horizontal lines, boundaries for the normal range of serum amylase activity. Only
one patient with papillary carcinoma (case 10) showed an elevated amylase level.
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Fig. 2. Scattergram depicting the amylase activity in normal thyroid tissue.Graves' disease thyroid tissue, and thyroid tumor tissue. Normal, nontumorous
thyroid tissue obtained from cases 8-10. 12-19. 23. and 25 (N = 13); Graves',
seven Graves' disease thyroid tissue samples; Cancer, 18 carcinoma tissue samples

(see Table 1). Dashed horizontal lines, mean values in each column for normal
thyroid tissue (30.6 Â±14.2 lU/g wet tissue, mean Â±SD). Graves' disease thyroid

tissue (20.4 Â±11 lU/g wet tissue), and thyroid carcinoma (14.8 Â±11.7 lU/g wet
tissue).

samples, except for those from patients with Graves' disease.

Positive staining for amylase was seen in the cytoplasm of
normal follicular cells and in some of the malignant cells (Fig.
3). Normal thyroids (2 of 2) and most of the well-differentiated
carcinomas (9 of 11) displayed strong immunoreactivity,
whereas the other carcinoma tissues showed weak immuno
reactivity or none at all.

Northern Blot Analysis. To further identify the amylase genes
expressed, mRNA (5 pg) from thyroid tissues was tested by
Northern blot analysis using an amylase cDNA probe. In case
23, 20 Mgof mRNA was used. The control lanes (5 and P in
Fig. 4) were respectively loaded with mRNA from normal
salivary gland and normal pancreas ('/2Â«oof the thyroid mRNA

in weight). The results are shown in Fig. 4 and summarized in
Table 1. Salivary amylase mRNA is 1.8 kilobases in size,
whereas pancreatic amylase mRNA is 1.6 kilobases (19). The
size of the AMY2B product mRNA is not known for certain,
but judging from other reports, it may be larger than 1.8
kilobases (1, 3). A 1.8-kilobase transcript, coinciding in size
with salivary-type amylase mRNA, was detected in all nine
nonmalignant thyroid tissue samples and in nine of the well-
differentiated carcinomas. The relative level of amylase mRNA
was about '/2ooo-'/5oooof that in the pancreas, with a thin but

detectable mRNA band appearing by Northern blot analysis.
No distinct bands were detected in the other seven samples
tested, which included two poorly differentiated carcinomas,
one anaplastic carcinoma, and two medullary carcinomas. In
the patient with medullary carcinoma (case 23), we tested 4-
fold as much mRNA (20 /Â¿g),but still no distinct bands were
detected (Fig. 4, lane 8).

In addition to the 1.8-kilobase mRNA band, another 1.3-
kilobase band was observed in all samples which had the 1.8-
kilobase band. We do not know at present whether this reflects
a shorter amylase gene transcript or is only an artifact. How
ever, it is too short to code for the complete amylase protein
which requires 1533 base pairs (19). Three amylase regional
probes, specific for exons 2, 6, and 9, showed the same two
bands by Northern blot analysis (data not shown). Because of
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D

Fig. 3. Immunohistochemical demonstration of amylase in thyroid tissues. A, normal thyroid (case 12); B, well-differentiated carcinoma (case 15); C, anaplastic
carcinoma (case 21); D, medullary carcinoma (case 23). Strong immunostaining of normal follicular cells and well-differentiated carcinoma cells was seen with the
polyclonal anti-amylase antiserum (magnification, x 50).

the limited amount of tissue available, further analyses were
not done.

Expression of Amylase Isozymes. The amylase isozymes ex
pressed in these samples were investigated using the PCR
followed by blot analysis. Two primers (a 5' primer and a 3'

primer), which each covered the region with no base substitu
tions among the three amylase genes, were used for this purpose
(Fig. 5). To identify the amplified PCR products, amylase
isozyme-specific synthetic probes were used (Fig. 5). As con
trols, cloned amylase cDNAs of the salivary and pancreatic
types and AAÃ•Y2Bproducts were treated in the same manner
using the same synthetic primers. The results are shown in Fig.
6 and summarized in Table 1. Unexpectedly, we observed that,
with all the thyroid tissue samples examined, amylase cDNA
was prominently amplified and detected by ethidium bromide
staining. The size of this band was 473 base pairs, as expected
from the distance between the two primers. Contamination of
the buffers with traces of amylase DNA or mRNA was carefully
checked for and was ruled out. No significant differences in the
relative sizes of the blots of the amplified products were noticed,
although quantitative estimation of the level of expression is
difficult with this type of test.

Strong expression of salivary amylase was noted in nonma-
lignant thyroid tissues, including those from the patients with
Graves' disease. These samples also showed the expression of

the AMY2B gene. To investigate the relative ratios of the two
isozymes, we examined cDNA clones in a nonamplified cDNA
library obtained using mRNA from case 3 (Graves' disease).

Seven salivary amylase cDNA clones and one AMY2B clone
were obtained when screening 5 x IO5clones, a ratio approxi

mately reflecting the intensity of the bands in lane 2 of Fig. 6.
A similar ratio seemed to hold true among the other Graves'

disease tissue samples (Fig. 6, lanes 3-5) and also in the normal
thyroid tissue samples (data not shown). Thus, in nonmalignant
thyroid tissue (including Graves' disease tissue), both the sali

vary AMY! gene and the AMY2B gene were expressed, with
the former gene being about 10-fold more abundant.

In well-differentiated carcinomas, such as papillary and fol
licular carcinomas, salivary amylase expression was also readily
detected along with AAÃ•Y2Bproducts in approximately the
same ratio as in nonmalignant thyroid tissues. In poorly differ
entiated carcinoma, the salivary amylase band was still detected,
but the level of expression was low and it was only detectable
by the PCR. Again, AMY2B gene expression was noted (Fig.
6, lane 12). In the case of anaplastic and medullary carcinoma,
no salivary amylase band was detected, but the AMY2B gene
was still expressed (Fig. 6, lanes 13-15). Thus, in all of the
histolÃ³gica! types of tissue examined, the novel type of amylase
was expressed. However, the level of expression was low and it
was only detectable by the PCR method. No pancreatic type
amylase was detected in any of the samples (Fig. 6D).

DISCUSSION

To our knowledge, this is the first molecular study of the
expression of a-amylases in different histological types of thy-
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SP123 45678

1.8kb.
1.6kb â€” Il

Fig. 4. Northern bolt analysis of mRNA isolated from various thyroid tissues.
The probe was 32P-labeled amylase cDNA. Northern blot analysis was performed
using 5 mg of mRNA (except for lanes S, P, and *). Lanes S and P. controls
using salivary gland and pancreatic mRNA (0.01 mg), respectively; lane I, normal
thyroid tissue, case 12; lanes 2 and 3, Graves' disease thyroid tissue, cases 2 and

3. respectively; lanes 4 and 5, papillary carcinomas, cases 11 and 12, respectively;
lanes fi and 7, follicular carcinomas, cases 17 and 18. respectively; lane 8,
medullary carcinoma, case 23 (20 mg of mRNA). kb. kilobases.

Amylase gene5

6:>' â€”m â€¢1r5'

Primer
5'-AATTGATCTGGCTGGTCAGCCA-3'

748-768^^â€”

200 base pairs

7 83'

Primer
S'-AGCTACCGCGGTTTATTC- 5'

1203-1220

Amylase isozyme specific probes
S' â€¢ â€¢ 3'

ProbeS CC T T ATGG AT T T AC ACCA
Probe P CCTTACGGATTTACACGA
Probe N CCTTATGGTTTTACACGA

1042-1059

Fig. 5. Sequences of the priming nucleotides and the specific probes for the
amylase Â¡sozymes,as well as the corresponding amylase gene structures. The
priming nucleotides and probes were synthesized using a DNA synthesizer.
Priming nucleotides spanned bases 748-768 and 1203-1220 (the nucleotide
sequence of amylase cDNA is numbered from the adenosine of the amylase start
codon). Sequences selected for the synthetic priming nucleotides were identical
among the three amylase genes. The specific probes spanned bases 1042-1059
and had one or two nucleotide substitutions (â€¢.positions of substituted nucleo
tides). Probe S, specific to salivary-type amylase; probe P. specific to pancreatic
type amylase; probe N. specific to the AMY2B gene product. The size of the
amplified fragment was 453 base pairs for each amylase isozyme. Black rectangles,
represent cxons in the amylase gene.

roid tissue. Previous histological studies have shown the pres
ence of salivary amylase in normal thyroid follicular cells and
thyroid adenomas (10. 11), but it was not clear whether the
enzyme was actually produced in such cells or was accumulated
by uptake from the blood.

We found that follicular cells were the site of salivary amylase
production in normal thyroid tissue, on the basis of both
histological and mRNA studies. The level of the salivary-type
amylase gene expression was high, and it could be detected by
Northern blot analysis. In addition, the AMY2B gene product
was also detected at a low level of expression by the PCR.
Because the level was so low, we could not determine what type
of cell in the thyroid was responsible for the expression of this
gene.

The biological significance of salivary amylase expression by
thyroid tissue is not clear, nor is the role of the other amylase
isozyme at all certain. In Graves' disease, follicular cells are in

a hyperactive state with regard to the synthesis and secretion
of thyroid hormone. However, the levels of expression of the
two amylase isozymes were not different from those in normal
thyroid tissue, suggesting that there was no correlation between

follicular cell thyroid hormone synthesis and amylase
expression.

Some of the thyroid cancers were also found to synthesize
salivary amylase, with the level of expression varying depending
upon the histological type. In well-differentiated carcinoma,
salivary amylase was expressed at about the same level as in
normal thyroid tissue, but it was not detected at all in anaplastic
and medullary carcinoma. Since medullary carcinoma is derived
from C-cells, its origin is different from that of other thyroid
cancers which are derived from follicular cells. In poorly differ
entiated carcinoma, this isozyme was still detectable at a low
level, perhaps reflecting the intermediate phenotype between
well-differentiated and anaplastic carcinoma. Thus, a high level
of expression of salivary amylase appears to be characteristic
of well-differentiated follicular cells, and the level of expression
in malignant cells appears to correlate with the stage of differ
entiation when the carcinoma has a follicular cell origin. The
number of samples we analyzed was not large enough to make
a definite conclusion, but this relationship should become
clearer with further studies. It seems possible that the expres
sion of salivary amylase may eventually be used as a marker
along with thyroglobulin for identifying the histogenesis and
stage of differentiation of thyroid tumors.

We previously described the expression of a type of amylase
encoded by the AMY2B gene in a lung carcinoid tumor ( 1), and
the current study showed that expression of this gene was
ubiquitous in thyroid carcinoma and normal thyroid tissue,
although the level of expression level was low and only detect
able by the PCR. It has been reported that the liver and pancreas
also express the same isozyme (3), although histological confir
mation is yet to be obtained. The seemingly wide distribution
of the AMY2B gene product among different types of cells
raises the possibility that this gene might be expressed in many
other tissues in humans from an early stage of development.
Further studies to test this hypothesis are now in progress.

SPN 12345678 9101112131415

-473bp

B -

C

D

â€”473 bp

â€”473 bp

â€”473 bp

Fig. 6. Expression of amylase isozymes in various thyroid tissues. mRNA (I
mg) was reverse transcribed into cDNA and one tenth of the reaction product
was amplified through 40 cycles of the PCR using synthetic primers (Fig. 5), as
described in "Materials and Methods." The amplified DNA product (100 ng) was
subjected to elcctrophoresis on \.5ci agarose gel. transferred to a nylon mem
brane, and hybridized with "P-end-labcled probes specific for the three amylase

isozymes (see Fig. 5). The efficiency of transfer of the amplified DNA was
monitored by rehybridizing the membranes with the "P-labeled amylase cDNA
probe. The probes used were: A, an amylase cDNA probe; B, a salivary-type
amylase-specific probe; C, an AMY2B-specif\<: probe; and O, a pancreatic type
amylasc-specific probe. Lanes S, P, and N, 100 ng of salivary-type amylase cDNA
clone pAMSA2(l8), pancreatic type amylase cDNA clone pHPA76(19), and the
AMY2B gene product cDNA clone XAmy 18( 1). respectively. These samples were
used as controls and were subjected to the same PCR amplification procedures.
Lane I, normal thyroid tissue, case 12; lanes 2-5, Graves' disease thyroid tissue,

cases 3, 4. 5, and 6, respectively; lanes 6-10, papillary carcinomas, cases 8, 9, 11,
15, and 16; lane II, follicular carcinoma, case 18; lane 12, poorly differentiated
carcinoma, case 20; lane 13, anaplastic carcinoma, case 21; lanes 14 and IS,
medullary carcinoma, cases 22 and 23. bp. base pairs.
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â€žâ€¢AMYLASEISOZYMES IN HIMAN THYROID TISSl'ES

Whether this amylase isozyme has any physiological role
besides its glucanohydrolase activity (16) is still unknown.
Experimental animal models or in vitro cell culture systems in
which this gene is either overexpressed or blocked from expres
sion may give further information concerning this area.
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