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HISTOCHEMICAL DEMONSTRATION OF HYAL-
URONIC ACID IN PLEURAL MESOTHELIOMAS

J. C. WaonEr*, D. E. Muxpay * and J. S. HarmaToN
FPatkology Division, Pneumoconiosis Rescarch Unit of the Council Jor
Scisntific and Industrial Research, Johannesburg
(Prare XXIII)

DirricuLTIES in histological diagnosis experienced during an in-

vestigation of diffuse pleural mesotheliomas and their possible associa-

tion with exposure to asbestos (Wagner, Sleggs and Marchand, 1960)
led to the present study. In many cases the diagnosis had to be made
on biopsy material, and often the tumours mimicked adenocarcinomas.

Six undoubted peripheral pulmonary adenocarcinomas have been - .

detected in our cases of asbestosis.
Meyer and Chaffee (1939, 1940), Blix (1951) and Winslow and

Taylor {1960) reported the association of hyaluronic acid with mesos -
thelial tumours. OQur earlior attempts to demonstrate hyaluronio acidi
histochemically in these tumours were only partially successful. This ™' JI"-!
b

was probably due to the fact that the majority of the specimens had’
been fixed in 10 per cent. formol-saline in which hyaluronic acid is
soluble, as it is in most aqueous media.
uttempt has been made to develop a standard histochemical procedars
in the diagnosis of mesotheliomas. In five of our cases it has been
possible to confirm the histochemical findings by the chemical isolation
of hyaluronio acid from the pleural fluid. '

MATERIAL AND METHODS

Experiments with various fixatives showed that formol-sublimats, alcohol,
formol-elcohol-acetic, and Zenker's, Helly's, Bouin’s or Carnoy's fiuids were
oll auitable. It waa decided to use formol-alcohol-acetio (Tellyesniczky, 1898)
as tho standard fixative for this investigation, because it was found that, after
wveral doys of immersion, both the histology and the secretion were well
preserved. This point was important bocause some specimens took up to three
days to reach the laboratory.

For this study tissue from 14 mesotheliomas fixed in formol.aloohol-acetlo

was used, Two further specimens which had been fixed in 10 per cent. formol-
saline but atill retained a stainable secretion wers included, Control material
cums from 4 peripheral pulmonary adenocarcinomas, 4 colloid carcinomas from
tho gastro-intestinal tract, healthy umbilical cord and 2 metastatio adeno-
carcinomas from the omentum. The site of origin of the last two tumours is
unknown, but one waa initially thought to be a peritoneal mesothelioma.

Blocks of tissue from all thess specimons weore processed and sections were
slained by the following methods : .

l. Mayer's alum-hematoxylin and ecein.
* Presont address: Pnsumooconioals Research Unit, Llandough, South Wales,
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' 4 G L e 3 (TH00) mciuua i slanang roaction, w’ﬂl '
e eent, solution of azwre A" MacNeal {Hovoetor) in 30 pur cont. ot
al wig uscdd.

. xiale's colloidal iron method (Hale, 194G}, At the suggestion of Dr D, §. HYALUKONIC ACID IN MESCTUELIONAY
Winslow, Mowry™s modification {1958} of this technique was adoptod. - - N Ry e e B T et

4. McManus’ (I916) periedie acid-Schiff incthod (P.A.8.). In a fow cases Tg 'l:ﬂ_"k'?’,:ﬁ £ :‘{ﬂ_’lf
tho resulls obtained by this method were confirmied by the uso of the Hotellkix ' AR 00 il AT Y Y
(1948} tectimique. I i S

8. Stecdminn’s (1950} aleinn blue method. Later Mowry's modificntion
{195G) was uscd.

6. The method of Dempsey et al. (1847} (or demonstirating metachromasia ut
varying pH levels, with solutions of 01 per cent. azure “* A" buffered 1o u
reactien of pil 2-0, 3-0, 3'5 and 4-0 with Waipole's HCl{acetato bufler.

b A
.u-, "

Dol

Hyoluronidase trentment. Two enzyme preporations were used ¢

(i} Testicular cnzyme (Benger's llyalaso), at a strength of 75 turbidity.
reducing wnita {TRU) per ml. in M/5 acetate buffer at pH §:6. Sections were
incubated for 18 hr at 37° C.

(ii) Streptococeal enzyimo (zencrously donated by Lederle Lid, New York).
This was used nt n strength of 60 TRU per mi. in M/6 acctate buffer at pli
5:6. Scctions were incubated ot 37° C. for 44 hr.

After treatiment with the sbove solutions, control and digested scctions - 4
were stained by both 1inle's colloidal iron and the motacliromatic techniqucs. . £ f i
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P C!acm:iw( defermination (ff.hyahn-anfc. acid: This' depends upon th‘c produciion A4 M 45 m el &
of & mucin clot on the addition of ocetic acid to diluted pleural fluid, & method . W i inedt by Hale' hod. ¢ 131 .
} very kindly communicated to us by Dr Karl Meyer. Samples of fluid wers diluted Fiu. L—Mesothelioma stained by Hale'n method. <120, #‘! 3
with 25 vohunes of water and 50 per cent. acetic acid added to a concentraiion q*

A

«" of 0:2 per cont.  Tho presence of hyaluronic acid iz shown by the formation of u NOTE- TH 'S DOC UM . ok,
\ typieal syncretic clot ; this is inhibited by provious incubation of the fluid with . EN.F D' D (S
hyaluronidase for 30 min. at 38° C. We have also used an unpublished method,
. . . . i d
alyo providud by Dr Meyer, for the quantitative isolation of hyaluronie acid. 1his \l ﬂT CG M E FRO M PPG F' L tS
involvey the precipitation of the hyeluronic acid (with its protoin), digestion with il
pepsin and trypsin, and subsequent isclation of the polyseaccharide. -
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RESULTS

From the table it may be seen that the secrction in all 16 of the
mesotheliomas was metachromatic, and stained by Hale’s method
and alcian Dbluc. The metachromasia and Hale-staining wero
abolished after incubation with testicular hyaluronidase. Only 2 of
the 16 were P.A.S.-positive. In contrast the sections of the adeno-
carcinomas gave strongly positive resuits with P.A.S., Hale's method,
and alcian blue. Metachromatic secrction was observed in most of
the adenocarcinomas studied. In none of tho adenocarcinomas with
metachromatic or lale-positive soorction wus the ataining reversed
by treatment with cither hyaluronidase. Streptoooccal hyaluronidase
applied to the sections removed the metachromasia in 13 out of the 16
mesotheliomas and markedly reduced it in the remaining 3. In the
mesotheliomas the sceretion stained n magenta colour {a “ gamma ™
metachremasia), whereas in the adenocarcinomas the metachromatic : At : > : .
substance stained purple { beta *’ metachromasia). The metachromasia Fic. 2.—Another section ﬁ:";: tllﬁrmulna ;Jloulk.-nutl;lml by H;.-lvl.: s method after
exhibited by the mesotheliomas is presumably due to the presence of . treatment with teaticular hywfuroniduse. X 120,
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carboxyl groups in the hyaluronio acid molecule, whi sults in o
weaker metachromatic effect than™ that observed, fo -xample, in
cartiloge and other tissuea containing acid polysaccharide.
The amount of metachromatic substance in the mesotheliomas
was extremely variable and followed no definite pattern. For example,
in some tumours large cystic spaces were filled with stained secretion,
in others this secretion was seen in the smaller spaces but not in the

larger. In the more cellular tumours only a few clefts containing this
substance were seen. -

TaBLx
Histochemical staining of secretions

Type of tumour

. Qastro.
Diffuse P “.la':m“' intestinal Metastatlo

mesothelioms no- ndeno. adeno-
carclnoms earcinoma earclanme
i

Ne. of tumours examined . 18
P.A.B. positive, not removed 2
by diastase
Mclachromatio with azure 10
L1 A " .
Motachromasis removed by 18
teaticular hyaluronidase

]
b
Motachromasia romoved by 13 . é
stroptococcal hyaluronidasoe markodly . .
iminishiod

in 3 others) ol
Halo positive . . 2
0

o © R A
S O w wa
S © w mw

. 10
Halo-positive secretion re. 15

moved by testicular hyalu. {markedly
ronidase diminished

in 1 other) )
L;\lcinn blue positive , . 18 1 4 3 2
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The effect of pH on metachromasia was tested in 7 mesotheliomas
and 3 of the peripheral pulmonary adenococarcinomas. The differentia-
tion was not as clear as was expected, for although 8 of the meso-
theliomas showed no metachromasia below pH 4, one was metachromatio
st pH 3-6. Two of the 3 adenocarcinomas were metachromatio at pH 1,
Lut the third became so only at pH 4.

At the time of our earlier work on this subject we were impressed
by the stromal metachromasia exhibited by some of tho mesotheliomas.
\Yo now oonsider this as a non-specifio feature of the rapidly growing
connective tissue and its ground-substance {Taylor and Saunders,
1057). Chemical studies (Watson and Pearce, 1950) indicated that this
stromal substance consisted of a hyaluronic-acid chondroitin-sulphate
complex. We were able to confirm this in part, by showing that the
™o . aslromal substance in the mesotheliomas and in the proliferating
Bbrous tissue provoked by certain carcinomas had its metachromasia
and Hale’s colloidal iron staining completely removed by testicular
byaluronidase but only diminished by the streptococcal enzyme.
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", gy ical estimations.  IHyaluvonie acid was isolated from e prripheral adenocarcinoma @ tho Hale-positive secrct %as not
pleu. uids of § cases of contirmed mesothelioma of tho pleura iy entirely removed by incubation with either enzyme, and met®®hromasia
coneentrations varying from 0-02 to 1-25 per cent. In 3 of these cases appeared below pH 4. The specimen was from a man who had worked
the yicld of the acid incieased as the disease progressed ; in a fourth, on an asbestos mine for many years, and at thoracotomy the appearanco
a steady rise was obscrved until about two months before death, wh, of the tumour was typioal of a mesothelioma. A lung biopsy taken at
none could be recovered. The disappearunco of hyaluronic acid jn the time showed the histological features of asbestosis.
such cases might be duc to the formation of a gel of polysaccharido It is not yet possible to say whether the methods described in this '
which could no longer Le aspirated along with the pleural fluid, No paper will differentiate between peritoneal mesotheliomas and metastatic
false positives for hyaluronie acid have yet been obtained from a lurge carcinoma,
number of pleural fluids ineluding specimens from idiopathic effusions, The isolation of hyaluronio acid from pleural fluid has been a useful
tuberculous infections and from malignancies other than mesotheliomas. diagnostie aid in some cases, but has been negative in a number of
Dr Karl Meycer (personal communication) has found the polysaccharide -euses in which the diagnosis has subsequently been proved histologically
in pleural fluids from ten cases of mesothelioma. und histochemically. It is clear that only positive results are of any
use. No false positives have been obtained in human cases in our series, _ *
DiscusstoN although several were obtained in pleural fluids from mice that had

In reviewing the scctions of pleural tumours that had becn sul- died of a streptococcal pneumonia. Hyaluronic acid was demonstrated
mitted to various pathological laboratorics throughout South Africa listochemically in the acute pleural exudate of these animals.
prior to 1956, a number that had originally been diagnosed as adeno-
carcinomas were found to have histological features consistent witl SuMMARY '

those of mesotheliomas. It is possible that a similar situation las
existed elsewlere, as in a number of cases of carcinoma complicating
asbestosis the tumours were described as being pleural adenocarcinomas

Diffusc pleural mesotheliomas sccrete material that stains as an = |
acid mucopolysaccharide and can be removed by prior digestion with N
cither testicular or streptococcal hyaluronidase. Chemically, this | ‘X

i

in }\'lllic;; no- prilI]jnr?rlsitc ((l)fsorigin. had rbrccn é?u{lld 1111 the lux.lg (9“'_(:“' material can be quantitutivcly precipitated by acctic acid, and its g™
1?"1 g OI_'& ri’, -au] €5 an 'tle “?”;’ lgd".) ) ”;“ ATy, no§r1m.::.l:) lMl[L' jyresence confirmed by prior treatment of pleural fluid with hynluron.kj
o1 origin was found i several of the peritoneal tumours deseribed by duse. ‘These methods have been used to differentinte between diffuse . --

Kealin 1960, It is hoped that the methods described will help to give
a clearer indication of the number of mesotheliomas that have occurred
in association with exposure to asbestos dust.

The main difficulty in applying the histochemical tests described here
is the circumstance that the majority of specimens are received in

pleural mesothelioma and peripheral pulmonary adenocarcinoms, -
vspecially in asbestosis.
Wo wish to thank Dr Jan Webster, the Sub-director of this unit, for allov

us facilities for carrying out this investigation, and Miss Tony Le Mare fo
technical assistance,
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fixed tissue we have found the P.A.S. method most useful in dif- Bax, G, . .« . 1081, Acta Soc. Med. upsalien., 58, 4}
ferentiating between peripheral pulmonary adenocarcinomas aml l"fl\bsﬂﬂ GEOSRGIANA MMI‘}&UI-DS. 1985. Amer. J. Clin. Path., 25, 126.
. e . . AND STEWART,
mcsothehomc}s. In our experience pullmonary adenocarcmonlms. have Desroce, B W Buszows, H. 1047, Anat. Bec., 98, 817, :
always contained P.A.S.-positive secretion, whereas t}}e mesot 1e11‘0m:h Sixcer, M., mnmwnxsr.ocxr, -
, are usually negative. In addition to those mesotheliomas mentioned . B, e
: I in the table, we have used tho P.A.S. method on a further 20 of theso Hag,C.W.. . . . . . . 1840 Naturs {Lond.), 167, 802. g
¢ ig} tumours that had a compound tubular structure whioh could Lv Hz:EH;IS;éR D.. . . .. ;g;g far:::;“B;ac;z;rlnl, 186, 131. 5 g
) Ioi confused w_ith that of :.adcnocarcinoma, and in w}.nch the tlssue.h';\-ti Kinaseon, H. N V\;mnnum, O.M. 1985 J. Hisrocherm. Cytochem., 3, 2’4 3 %‘l
- 161 been fixed in formol-saline. Of these only 5 contained P.A.S.:posnt:.n WCavanmey, W. T. E.. . . . 1958, This Journal, 76, 517. X =
: =8= scerction and in cvery caso this was removed by incubation with MeMavus, J.F. A, . . . . 1048, Nature (Lond.), 168, 202. ::
49 diastase. Itisonly in the 2 cases previously described that the P.A. S.- Mever, K., Anp  Cnarree, 1938 Proc. Soc. Ezp. Biol. Med., H"!?Q O
, %w{ positive seciction was not removed by this method. One of thee | Evzavon 1040, 7. Biol. Chem.. 133, 83 oy o
i—1 was similar to the mesotheliomas of ‘“mesenchymal type * described -y BT e e em, Cytochems, 4, 407,
by McCanghey (1938). The other caso although classified as a meso- . Co " 088, Lab, Invest, 7, 666, .{
theltoma has several other features that would suggest that it was s Uwex, K. , . . . . . 1961, Bri J.Cancer, 5, 382, {

e



