
Shapiro, P. Thiagarajan, E. M. Levine, in prepa- absence of added heparin. One explana- 
tion for this observation might be that 
crude ECGF preparations contain a hep- 
arin-like substance present in sufficient 
quantity to  promote growth when high 
E C G F  concentrations are used. Consist- 
ent with this possibility, the stimulatory 
activity of E C G F  at  200 pg/ml was com- 
pletely blocked by addition of a high 
dose of protamine (1200 pgiml); cell pro- 
liferation was restored by addition of 
excess heparin (990 pgiml). In addition 
to heparin, the glycosaminoglycans 
chondroitin sulfate, hyaluronic acid, and 
keratin sulfate were tested for growth- 
promoting capabilities and had no effect 
on endothelial cell growth (8). The sulfat- 
ed polysaccharide, dextran sulfate, sig- 
nificantly enhanced proliferation, al- 
though dextran itself was inactive (8). 

The mechanism by which heparin pro- 
motes human endothelial cell prolifera- 
tion is unknown. Azizkhan et al. (10) 
showed that heparin (and dextran sul- 
fate) increased bovine capillary endothe- 
lial cell migration but had no effect on 
proliferation, a finding that is consistent 
with reported differences between large 
vessel and capillary endothelium (11). 
Other reports on the effects of heparin on 
various cell types have yielded conflict- 
ing results (12-14). Several investigators 
have shown that heparin binds to the cell 
surface (14, 15) and thus may influence 
intercellular communication (16) and 
membrane receptor accessibility (17). 
Morphologic changes (18) and modifica- 
tions of cellular behavior (10, 19) consist- 
ent with cell membrane-heparin interac- 
tions have been reported. In vivo, the 
extracellular matrix of vascular tissue 
contains high concentrations of glycos- 
aminoglycans (20). In vitro, heparin-like 
molecules are secreted by endothelial 
cells (21) and inhibit smooth muscle cell 
growth (13). Our demonstration that hep- 
arin enhances endothelial cell prolifera- 
tion suggests that heparin-like sub- 
stances may play an important role in 
cell growth regulation in normal and in- 
jured vessels. 

In the past, existing culture techniques 
permitted only restricted proliferation of 
human endothelial cells, and therefore 
many basic and applied studies had to be 
performed on endothelial cells from oth- 
er animal species. Theoretically, the pro- 
cedures described above for serial sub- 
cultivation can increase the yield of 
H U V E  cells by lo8-fold and of adult 
vessel endothelial cells by 1012-fold over 
previously published methods (4, 5).  
This will permit minimal amounts of hu- 
man vascular tissue to  be used for the 
generation of large numbers of cultured 
endothelial cells, and thus problems of 
human pathology involving the endothe- 

lium now can be approached directly by 
means of a human endothelial cell mod- 
el. In addition, this cell system should 
prove valuable for various clinical appli- 
cations, such as in vitro testing of vaso- 
active agents and the coating of artificial 
graft materials. 

SUSAN C. THORNTON 
STEPHEN N .  MUELLER 

ELLIOT M. LEVINE*  

Wistar Institute, 
Philadelphia, Pennsylvania 19104 
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Long-Lived Oxidants Generated by Human Neutrophils: 
Characterization and Bioactivity 

Abstract. Human neutrophils were found to generate an unusual class of oxidants 
with a half-life of approximately 18 hours and with characteristics similar to, if not 
identical with, those of N-chloroamines. These neutrophil-derived N-chloroamines 
have suficient oxidizing potential to attack sulflydiyl- or thioether-containing 
compounds and can react with both a methionine-containing chemotactic peptide 
and a plasma protease inhibitor. A s  judged by their stability and selective reactivity, 
the N-chloroamines generated by stimulated neutrophils may play an important role 
in the local and systemic regulation of infIammatory events in vivo. 

Human neutrophils can generate reac- 
tive oxygen metabolites and use them to 
destroy microorganisms and normal or 
neoplastic mammalian cells and to mod- 
ulate the inflammatory response (1). Af- 
ter specific membrane perturbation, the 
neutrophil produces superoxide anion 
(02 '  - ), hydrogen peroxide (H20z) ,  hy- 
pohalous acids (HOX), and possibly the 
hydroxyl radical (OH' ). In vitro, the 
generation of these oxygen metabolites 
by neutrophils is self-limited and is near- 
ly complete within 60 minutes after the 
addition of a stimulus (1). Under physio- 
logical conditions, 0 2 '  - rapidly dismu- 
tates to H202 spontaneously or enzymi- 
cally via superoxide dismutase, and 
Hz02 is reduced by endogenous cata- 
lase, glutathione peroxidase, or my- 

eloperoxidase (1). In addition, highly re- 
active oxidants like HOX or  O H  ' disap- 
pear rapidly as they react with multiple 
oxidizable substrates in the complex cell 
systems (I).  Thus, the concentration of 
oxygen metabolites is expected to fall to  
undetectable levels shortly after the neu- 
trophil terminates its production of these 
species. We have now shown (i) that 
human neutrophils can generate large 
quantities of a long-lived oxidant, with 
characteristics similar to, if not identical 
with, those of N-chloroamines and (ii) 
that this oxidant is powerful enough to 
attack thioether-containing peptides and 
proteins thought to be important in the 
inflammatory response. 

Human neutrophils were isolated from 
venous blood by a Ficoll-Hypaque sepa- 



Table 1. Characterization of mechanism involved in oxidant generation, Neutrophils (2.5 x lo6) 
were incubated with either PMA (30 nglml) or opsonized zymosan (1.25 mglml) in a final volume 
of I ml for 90 minutes at 37'C. TNB oxidation was determined a s  described (2). Results are 
expressed as the means 2 S.D. 

Amount of TNB-oxidized (nmole) 

Substance added to neutrophils PMA- Zymosan- 
stimulated stimulated 

Neutrophils only 
Superoxide d~smutase  (10 pglml) 
Heat-inactivated superoxide dismutase (10 pglml) 
Catalase (10 pglml) 
Heat-inactivated catalase (10 pglml) 
Ethanol (40 mM) 
Mannitol (40 mM) 
Azide (0.1 mM) 
Cyanide (0.5 mM) 

ration followed by dextran sedimenta- 
tion (2). Neutrophils (2.5 x lo6 per milli- 
liter) were suspended in Dulbecco's buff- 
er (Gibco, 1 mg per milliliter of glucose) 
a t p H  7.4. The neutrophils were stimulat- 
ed to generate oxygen metabolites and 
release lysosomal enzymes by the addi- 
tion of serum-opsonized zymosan parti- 
cles (Sigma) or phorbol myristate acetate 
(PMA) (Consolidated Midland) (2). After 
the mixtures were incubated for 90 min- 
utes at 37'C, catalase (1000 U) was add- 
ed (3), the neutrophils were sedimented 
(1250g for 10 minutes), and the superna- 
tant was removed. As expected, the su- 

Fig. I .  (A) Oxidation 
of methionine by neu- 
trophil-generated N-  
chloroamines. N- 
chloroamines (10 
nmole) from PMA- 
stimulated neutro- 
phils were incubated 
with I nmole of 
['4C]methionine (2.0 
bCi) for 60 minutes at 
37°C. At the end of 
the incubation period, 
chloroamines were 
reduced with methio- 
nine, and ['4C]meth- 
ionine oxidation prod- 
ucts were assessed by 
radiochromatography 
in a solvent system 
containing rerr-buta- 
nol, 2-butanone. 
H20,  and NH,OH 
(4:  3 : 2 :  1) (11). Radio- 
active material was 
located bv autoradi- 

pernatant from either resting or  stimulat- 
ed neutrophils did not contain detectable 
amounts of 0 2 '  - or H 2 0 2 .  However, the 
supernatant from PMA- or zymosan- 
stimulated cells contained a factor capa- 
ble of oxidizing the sulfhydryl dye 5-thio- 
2-nitrobenzoic acid (TNB; maximum 
wavelength, 412 nm) to its disulfide, 5 , 5 ' -  
dithiobis(2-nitrobenzoic acid) (DTNB; 
maximum wavelength, - 320 nm) (2). 
Quantitation of TNB oxidation by the 
factors present in the supernatants re- 
vealed their ability to react with substan- 
tial amounts of the sulfhydryl dye. The 
oxidizing activity found in the superna- 

loo [A Methionine 

Methionine plus 
stable oxidants 

N-Chloroamine- 
treated FMLP 

ography, and the Methionine 
plate was cut into sulfoxide Methionine 

'FMLP 
I l I / l /  

FMsLP 
strips for liquid scin- 

l ~ l ~ l  

0 4 8 0 4 8 12 
tillation counting. The Distance migrated (cm) 
oxidized methionine 
product [relative mobility (R,) = 0.26 2 0.10)] migrated with methionine sulfoxide prepared 
with N-chlorosuccinimide (Rp = 0.24 i- 0.01; N - 4). (B) Oxidation of FMLP by neutrophil- 
generated N-chloroamines. N-chloroamines (10 nmole) were incubated with 1 nmole of 
['H~FMLP (20 pCi) in a final volume of I ml, and oxidized products were analyzed as described 
above. The oxidized FMLP product (R, = 0.57 t 0.01) migrated with FMsLP prepared with 
N-chlorosuccinimide ( R ,  = 0.58 2 0.02; N = 3). 

tant was very slowly lost at 25"C, with an 
apparent half-life of 18 hours. Superna- 
tants from resting neutrophils did not 
oxidize significant amounts of T N B  
[mean ? standard deviation (S.D.), 0.4 
t 0.6 nmole; N = 91. Thus, it appears 
that stimulated (but not resting) neu- 
trophils can release large amounts of a 
long-lived oxidant capable of oxidizing 
TNB. 

To  determine the processes involved 
in the generation of this oxidant, we 
stimulated neutrophils with PMA or  zy- 
mosan in the presence of superoxide 
dismutase or catalase (Table 1). Super- 
oxide dismutase had no inhibitory effect 
on the formation of the oxidant, whereas 
catalase (but not heat-inactivated cata- 
lase) almost completely blocked its pro- 
duction. Although H 2 0 2  can play a role 
in the generation of O H  ' (I) ,  the O H  ' 
scavengers ethanol and mannitol did not 
inhibit oxidant formation (Table 1). The 
heme-lysosomal enzyme myeloperox- 
idase may use H 2 0 2  to peroxidize C1- to  
hypochlorous acid (HOCl) (1). Almost 
no oxidant was detected if neutrophils 
were stimulated in the presence of the 
myeloperoxidase inhibitors azide or cya- 
nide (Table 1). These results suggest that 
both H 2 0 2  and myeloperoxidase play a 
role in the formation of the stable oxi- 
dant. However, this interpretation im- 
plies that catalase, azide, or cyanide 
does not react with the oxidant itself. 
Indeed, if the oxidant is generated and 
then incubated with catalase or azide 
there is no loss of its oxidizing activity, 
but in the presence of cyanide, no oxi- 
dant was detected after a 30-minute incu- 
bation at 37°C. Because cyanide is an 
excellent nucleophile, it appears that cy- 
anide can block oxidant formation either 
by inhibiting myeloperoxidase or by re- 
acting with the oxidant after it is formed. 

Although H 2 0 2  and myeloperoxidase 
may participate in the generation of the 
long-lived oxidant, it is unlikely that the 
species is HOC1. The latter can react 
with various biological substrates at rap- 
id rates (1, 4) and would not be expected 
to accumulate in a cell system. In addi- 
tion, HOCl is reduced by H 2 0 2  (2, 4), 
whereas the stable oxidant generated by 
the neutrophil does not disappear in the 
presence of equimolar concentrations of 
H 2 0 2  (data not shown). We have recent- 
ly demonstrated that neutrophils can uti- 
lize the H202-myeloperoxidase-C1- sys- 
tem to chlorinate an exogenous amine to 
form an N-chloro derivative (2). If stimu- 
lated neutrophils chlorinate endogenous 
amines they would be expected to gener- 
ate the respective N-chloroamines 
(RNHCI) (2, 4). N-Chloroamines are 
semistable oxidants that do not react 
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with H202 and can oxidize sulfhydryls to 
disulfides or thioethers to sulfoxides (2, 
4, 5). Radiochromatography revealed 
that the oxidant generated by PMA- or 
zymosan-stimulated cells could oxidize 
the thioether-containing amino acid me- 
thionine to a material that migrated with 
methionine sulfoxide (Fig. IA). Superna- 
tants from resting cells did not oxidize 
methionine. 

If the oxidants detected in our system 
are N-chloroamines they should be iden- 
tifiable by their characteristic ultraviolet 
absorption peak at 252 nm (2, 5). Differ- 
ence spectra obtained by reducing the 
oxidant with an excess of methionine 
resulted in the rapid formation of a peak 
with an absorption maximum at 252 to 
255 nm (Fig. 2). If methionine (but not an 
equimolar amount of methionine sulfox- 
ide) was added to this sample, the ab- 
sorption peak disappeared. From calcu- 
lations based on (i) an extinction coeffi- 
cient of 4 2 9 ~ ~ '  cm-I at 252 nm for N- 
chloroamines (5) and (ii) the ability of 1 
mole of RNHCl to oxidize 2 moles of 
TNB (2, 4), we found that all of the 
oxidant detected in the supernatant 
could be accounted for by the species 
absorbing at 252 to 255 nm. Therefore, 
from the data presented in Table 1, we 
conclude that 2.5 x lo6 neutrophils re- 
lease 25.0 + 4.9 nmole of N-chloroam- 
ines when stimulated with PMA and 
14.4 k 4.6 nmole of N-chloroamines 
when stimulated with zymosan (6). 

Various inflammatory regulators lose 
biological activity upon oxidation of 
thioether moieties ( I ) ,  and the course of 
the inflammatory response may be con- 
trolled by the oxidation and reduction of 
critical methionine residues in bioactive 
molecules. We therefore examined the 
ability of the neutrophil-generated N- 
chloroamines to react with both a methi- 
onine-containing chemotactic peptide 
and a high molecular weight serum pro- 
tease inhibitor. 
N-Formylmethionylleucylphenyla- 

lanine (FMLP) is a synthetic oligopep- 
tide that resembles naturally occurring 
bacterial products and is capable of stim- 
ulating neutrophil chemotaxis and me- 
tabolism at nanomolar concentrations 
(7). The methionyl residue is essential 
for the activity of the peptide, whereas 
the sulfoxide derivative (FMsLP) does 
not stimulate cellular activity (1). As 
shown in Fig. lB,  10 nmole of the N- 
chloroamine transformed a ~ o - ~ M  solu- 
tion of FMLP to a product that migrated 
with FMsLP. In five experiments, N- 
chloroamines generated by PMA- or 
zymosan-stimulated neutrophils oxi- 
dized 96.5 + 2.5 percent (mean + S.D.) 
of the peptide (8). If the chloroamine was 

Fig. 2. Difference 
spectrum of oxidant 
generated by PMA- 
stimulated neutro- 
phils. Supernatants 
were prepared from 
PMA-stimulated neu- 
trophils (5 x lo6 per 
milliliter) as described. 
Oxidants in the super- 
natants were reduced 
by adding methionine 

I 1  I I I I I I I I (500 nmole). (------) 
240 260 280 300 320 Resting cells with add- 

Wavelength (nm) 
ed methionine versus 
resting cells; (......) 

PMA-stimulated cells versus PMA-stimulated cells; ( )  PMA-stimulated Eel~s with added 
methionine versus PMA-stimulated cells. After the 252- to 255-nm peak was obtained, the 
addition of methionine, but not methionine sulfoxide (500 nmole), to the sample cuvette 
returned the values to baseline. 

first reduced with methionine, no oxida- 
tion of FMLP was observed. When 10 
nmole of the N-chloroamine (from either 
PMA- or zymosan-stimulated neutro- 
phils) was incubated with an excess of 
FMLP (3 x ~ o - ~ M ;  final volume, 1 ml) 
for 60 minutes at 37OC, 9.8 + 0.2 nmole 
(mean + S.D.; N = 7) of the oxidant 
had disappeared while 8.9 + 1.4 nmole 
of the FMLP was oxidized. The ob- 
served stoichiometry is therefore close 
to 1: 1 as would be expected if a two- 
electron oxidant (that is, the N-chloro- 
amine) reacts with a thioether to form 
the sulfoxide. 

After neutrophils migrate into an in- 
flammatory site they can discharge pro- 
teases capable of degrading connective 
tissue. The major serum protein respon- 
sible for regulating the proteolytic activi- 
ty of leukocyte elastase is al-protease 
inhibitor (al-PI), a glycoprotein with a 
molecular weight of 53,000 (9). Oxida- 
tion of a critical methionine residue 
yields a sulfoxide derivative that no long- 
er exhibits elastase inhibitory capacity 
(1, 9). The ability of the cell-derived N- 
chloroamine to inactivate a,-PI was de- 
termined by incubating chromatographi- 
cally purified inhibitor (10) (Sigma) with 
the oxidant for 60 minutes at 37OC. The 
reaction was terminated with an excess 
of methionine, and the elastase inhibi- 
tory capacity of the al-PI was deter- 
mined (9). In five experiments, superna- 
tants from PMA- or zymosan-stimulated 
neutrophils containing 25 nmole of N- 
chloroamine inactivated 84.6 + 5.1 and 
77.2 r 5.3 percent, respectively (mean i. 
S.D.) of the elastase inhibitory capacity 
in a 1-mg preparation of a,-PI. If the N- 
chloroamines in the supernatants were 
reduced with methionine before @,-PI 
was added, no loss of activity was ob- 
served. Although the disappearance of 
elastase inhibitory capacity might indi- 
cate the formation of an al-PI inhibitor 

rather than true inactivation, untreated 
al-PI added to the chloroamine-treated 
al-PI at the end of the incubation period 
retained full activity. Thus, the N-chlor- 
oamines generated by the neutrophil can 
mediate the inactivation of the elastase 
inhibitory capacity of human al-PI. 

We have shown that human neutro- 
phils can generate long-lived oxidants 
with characteristics similar to, if not 
identical to, those of N-chloroamines. 
Although we have not yet identified the 
amines that are chlorinated, it is clear 
that this class of oxidants has the poten- 
tial to interact with important inflamma- 
tory regulators. Thus, N-chloroamines 
appear to be a class of neutrophil-de- 
rived oxidants with a balance of strong 
oxidizing potential, selective reactivity, 
and stability that allows their accumula- 
tion at inflammatory sites or diffusion 
over large distances before they oxidize 
susceptible target molecules. We postu- 
late that phagocyte-derived N-chloroam- 
ines play an important role in modulating 
the activity of sulfhydryl- or thioether- 
containing molecules and in regulating 
the inflammatory process in vivo. 

S. J. WEISS 
M. B. LAMPERT 

S. T. TEST 
Simpson Memorial Research Institute, 
Division of Hematology and Oncology, 
University of Michigan, Ann Arbor 48109 
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Specific Endocrine Tissue Marker Defined by a 
Monoclonal Antibody 

Abstract. One of two mouse monoclonal antibodies (LK2H10) produced by 
hybridoma technology against a human endocrine tumor (pheochromocytoma) 
demonstrated specijic immunoreactivity for 69 normal and neoplastic endocrine cells 
and tissues known to contain secretory granules. This immunoreactivity was 
specijic, since other normal tissues, tumors from endocrine cells without granules, 
and tumors from other nonendocrine tissues were negative when tested with 
antibody LK2H10. The antibody reacted with human fetal adrenal medulla and 
human pancreatic endocrine cells and with adrenal medullary cells from monkeys 
and pigs. The antigen detected by antibody LK2HlO is associated with cytoplasmic 
secretory granules, has an estimated molecular weight of 68,000, and may be related 
to human chromogranin. 

Immunohistochemical techniques in 
which polyclonal antisera are used to 
identify various peptide hormones and 
amines have been indispensable in char- 
acterizing cells and tissues of the amine 
precursor uptake and decarboxylation 
(APUD), or diffuse neuroendocrine 
(DNE), system and tumors derived from 
these tissues (1). Conventional tech- 
niques used to identify neurosecretory 
granules in these cells, such as electron 
microscopy and the various silver stains 
(2), are relatively nonspecific compared 
to immunohistochemical methods with 
polyclonal antisera. With hybridoma 
technology (3),  one may now generate 
virtually unlimited supplies of monoclo- 
nal antibodies to previously undetected 
hormones and proteins associated with 
the complex secretory granules in cells 
of the DNE system, which may help to 
further characterize this complex system 
of cells. Thus, monoclonal antibodies 
produced against purified synaptic junc- 
tions (4) or neural plasma membranes (5) 
have been found to cross-react exten- 
sively with cells of the DNE system. In 
addition, reovirus-induced polyendo- 
crinopathy of SVLIJ mice enabled the 
isolation of a variety of mouse monoclo- 
nal autoantibodies reactive with a num- 
ber of polypeptide endocrine hormones 
(6). In this report we describe a monoclo- 
nal antibody that reacts with a 68,000- 
dalton protein associated with endocrine 
secretory granules. The availability of 
such a specific monoclonal antibody will 
allow for a simple and highly reproduc- 
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ible method to visualize cells with neuro- 
secretory granules in endocrine tissues 
of human and certain vertebrate species. 

It was our intention to use the hybrido- 
ma technique for developing monoclonal 
antibodies that would identify new endo- 
crine markers in tissue specimens (For- 
malin-fixed, paraffin-embedded) routine- 
ly prepared and processed by the pathol- 
ogy laboratory. We immunized BALBIc 
mice with 1-mm3 pieces of a human 
pheochromocytoma that had been 
minced with a razor blade and mixed 
with Freund's adjuvant before intraperi- 
toneal injection. After five biweekly in- 
jections, a mouse was killed and its 
spleen cells were fused with NS-1 mouse 

Table I .  Immunohistochemical reactivity of 
monoclonal antibody LK2HlO with normal 
human adult and fetal endocrine tissue. Num- 
bers in parentheses are numbers of cases 
examined. 

Tissue 

Adult 
Adrenal medulla (5) 
Adrenal cortex (5) 
Gastrointestinal-endocrine (8) 
Exocrine pancreas (5) 
Endocrine pancreas (5) 
Parathyroid (2) 
Anterior pituitary (3) 
Posterior pituitary (5) 
Thyroid C cells (5) 
Thyroid follicular cells (5) 

Reactivity 

Yes 
No 
Yes 
No 
Yes 
Yes 
Yes 
No 
Yes 
No 

Feral (13 to 18 weeks) 
Adrenal medulla (4) Yes 
Endocrine pancreas (4) Yes 

myeloma cells (7). After 14 days in medi- 
um containing hypoxanthine, aminopter- 
in, and thymidine, culture supernatant 
fluids from growing clones were 
screened for antibody activity against 
cryostat sections of the original tumor by 
indirect immunofluorescence. After this 
step, 50 clones were selected and 2 
weeks later retested for reactivity with 
cryostat sections and Formalin-fixed, 
paraffin-embedded sections of the same 
tumor by avidin-biotin complex (ABC) 
(8) peroxidase staining (Vector Labora- 
tories). 

Two hybridomas, designated LK2H10 
and LK6D10, were selected for addition- 
al testing when their antibodies were 
found to react with tumor cells, but not 
connective tissue, in cryostat and For- 
malin-paraffin sections. Although both 
antibodies reacted exclusively in initial 
studies with endocrine tissues, only 
clone LK2H10 was successfullv sub- 
cloned and thus available for more ex- 
tensive testing in Formalin-paraffin sec- 
tions. Reactivity of antibody LK2H10 
with endocrine tissues could be detected 
by ABC peroxidase staining with up to a 
100-fold dilution of hybridoma culture 
fluid. Thus a single large batch of 
LK2H10 culture fluid was collected and 
used throughout this study at a tenfold 
dilution. As a negative control for stain- 
ing, we used culture fluids containing a 
monoclonal antibody to an antigenic de- 
terminant of human I-region-associated 
antigens that is denatured in Formalin- 
paraffin sections. No background stain- 
ing was observed with hybridoma cul- 
ture fluids containing our control anti- 
body even when it was tested undiluted 
by the ABC peroxidase method. 

Normal endocrine tissues that were 
reactive with LK2H10 are listed in Table 
1. Immunostaining was done with the 
ABC peroxidase method (8) using a one- 
to tenfold dilution of the monoclonal 
antibodv for 1 hour at 37°C. The intensi- 
ty of immunostaining with the normal 
pancreatic islet was variable. Glucagon- 
producing cells showed the greatest im- 
munoreactivity, while insulin-producing 
cells showed the least. Endocrine tumors 
that showed positive immunoreactivity 
included pheochromocytomas (five cas- 
es), pituitary adenomas (five), medullary 
thyroid carcinomas (five), pancreatic en- 
docrine neoplasms (five), parathyroid 
adenomas (two), carcinoids (five), and 
paragangliomas (two). Endocrine tissues 
and tumors that were negative included 
normal adrenal cortex (five cases) (Fig. 
1 A), placenta (four), pineal gland (one), 
melanomas (four), follicular thyroid tu- 
mors (six), and papillary thyroid tumors 
(two). Endocrine tumors with few gran- 
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