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The statement that the biological properties of tumour cells differ widely
from those of normal cells is not new. The biochemical aspects of this difference
have been in the focus of interest for quite a while. INumerous reports were
concerned with the morphology of tumour cells, their nucleus, nucleolus, the
mitochondria, the cytoplasm, the nucleus-plasma ratio, without finding a feature
characterizing neoplastic cells. Recently, Zilber [1] et al. succeded in demon-
strating specific antigens in malignanttumours that could not be transferred by
their filtrate. They isolated the nucleoproteid fraction ofthe tumourby sensitizing
guinea-pigs with it.

It seems beyond any doubt that the protein synthesis of the organism
undergoes far-reaching alterations in cases of malignant tumours.

Recently, attention has been called increasingly to the intracellular
enzymatic processes and the biochemical changes related to them. Their
importance in carcinogenesis was especially stressed by the Soviet scientists
Roskin [2] and his associates.

In this Institute large-scale experiments have been carried out for several
years with the McManus [3]—Hotchkiss [4] histochemical method for demon-
strating protein-bound carbohydrates in the tissues. It has been shown thatmuco-
polysaccharids, mucoproteids and glucoproteids had a considerable role in various
metabolic processes. It was partly forthisreason, partly because the disturb-
ances of protein synthesis in tumorous affections seemed proved, further
because this method was applied to the intraepithelial neoplasms of the portio
by McManus & Lyman Findley [5] that we have studied the behaviour of
neoplastic tissues with regard to protein-bound carbohydrates.

Our observations with this histochemical method in the preblastomatosis
of the portio has already been reported [6, 7, 8, 9]. The method seemed suitable
for the diagnosis of the precancerosis of the portio. It became evident that
parallel with the progression of the process the areas which do not stain become
gradually larger.

First of all, it shoidd be mentioned that the epidermis does not stain with
periodic acid. In the female genitals conditions are different. The labia maioral
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behave as the skin. Contrary to this, the inner surface of the labia minora,
the epithelium of the vagina and the portio, when prepared with periodic acid,
react to Schiff’saldehyde reagent with a very intensive violet colour in the
stratum polygonale, while the basal layer always remains colourless (Fig. 1).

.Figm1
Normal vaginal and portio epithelium staineéJ by the McManus—Hotchkiss method (Schiff’s
periodic stain). The basal layer and papillae are colourless while the cells of the str.rspinosum
are vivid violet (100 x)

Fi?- 2
Squamous cell cancer in the portio. The broad palisades of connective tissue between the cancerous
patches stain well. The cancerous cells remain colourless all over the whole picture

Similarly, the papillae projecting from the connective tissue into the stratified
epithelium, and the epithelial border surrounding them, i. e. the germinative
layer, do not react either. The cylindrical epithelium of the cervical canal, as
well as the epithelium of the cervical glands, stain intensively. The endometrium
and its glands yield a positive reaction only in the phase of transformation,
as a manifestation of progesterone activity. These facts have been stated in an
earlier paper [10].
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The mucous membrane of the Fallopian tube usually remains unstained,
apart from some occasional poor staining of the apical border of the epithelium.
Stress must be laid upon the fact that the nuclei do not stain by this method.
In positive cases the cytoplasm becomes coloured.

In the following we report our observations made with the McManus—
Hotchkiss test in cases of cancerous growth of the female genitals. Simultaneously
with histochemical reactions, the haematoxylin-eosin stain was also applied in
each case. In cases of cancer starting from the epithelium of the vulva, the
vagina and the portio, the tumour cell groups proved stain-resisting (Fig. 2).

Regarding the carcinoma in situ of the portio, Me Manus & Lyman
Findley claim that the lack of staining is due to the absence of glyco-
gen, positive staining being brought about by the glycogen content

Fig- 3
The epithelium of cervical glands exhibits an intensive reaction under normal conditions (100 x)

of the plasma. Our experiments are not likely to corroborate this
contention, because control glycogen staining with Best’s carmine performed in
series showed that following formalin fixation only traces of glycogen were
found in the epithelium of the portio. On the other hand, the intensive hue
of the stratum polygonale, noted in positive cases after fixation in aquaeous for-
malin did not correspond with the poor colouring in the Best-carmine preparations
serving as controls, made with the same fixation in aquaeous formalin, wherefore
the positive reaction cannot be attributed solely to the glycogen content.

Morphologic observations have led us to accept the view that, in cancers
of the skin, vagina, or portio, carcinoma formation starts from the basal layer
of the epithelium which, as stated above, remains colourless in normal cases.
This may suggest the hypothesis that the negative response of neoplastic
parenchyma observed by the above method is due to the fact that it originates in
cells wich are devoid of protein-bound carbohydrates under physiological condi-
tions as well. This hypothesis has, however, been refuted by the fact that the
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tumours originating in the cervical epithelium or cervical glands (Fig. 3)
which are known to stain vividly under physiologic conditions, remain
similarly unstained. It should be stressed again that the intensive
stain noted in cervical glands under physiological conditions is not

Fig. 4
Adenocarcinoma of the cervix. The glandular epit%elium is not stained. In the lumen a secre-
tion containing mucoid substances is visible (100 x)

Partial failure of staining in thlzl%pi%aelium of cervical glands (100 x)
induced by glycogen, these tissues failing to show positive glycogen
reactions even after fixation in absolute alcohol. On the other hand,
the lumina of neoplastic glands frequently contain large masses of mucoid
substances. In these instances, the histologic aspect suggests that the epithelial
cells have expelled the protein-bound carbohydratesin the course of their malig-
nant transformation (Fig. 4). We observed single colourless areas in several
cases within the dark staining cervico-glandular epithelium (Fig. 5a). The identifi-
cation of these areas on the control haematoxylin-eosin sections revealed morpho-
logical signs of a moderate cell accumulation and some unrest (Fig. 5b).
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In some parts of the heteroplastic cervical glands the failure to stain was
even more striking (Fig. 6a, 6b) although many other heteroplastic glands
displayed an intensive colouring. This different attitude of heteroplasias
should, from the angle of malignancy, be explained by further experiments.

Fig. 5b
The same with haem.-eosin stain (200 x)

Fig. 6ja
HeteropJasia in the cervical glands showing a negative reaction (100 x)

We shall, at present, confine ourselves to the statement that in the presence
of mucoproteids the morphological signs of unrest are absent. The accumulation
of cells in the cervical glands, as well as the non-coloured heteroplastic areas,
may eventually be manifestations of the precancerous state. In order to get a clear
picture of these questions, further careful investigations on ample material
would he necessary. Obviously, the above observations are in accordance with
those made on the preblastomatous portio, which proved that larger non-
stained areas correspond to a more advanced state of malignancy.
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Fig. 6/b
The same with haem-eosin stain (200 x)

Fig. 7
Adenocarcinoma of the uterine body. The tumour cells remain refractory to staining. Basal
membranes take on the dye (100 x)

Fig. 8/a
Positive reaction in the mucin-secreting cells of a Krukenberg tumour
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These interesting phenomena advocate the opinion that in neoplastic
disease, the primary moment is a biochemical change in the cell. Thisis later
followed by morphological changes.

The absence of mucoproteids is demonstrated by the method also in cancers
of the uterus and of the tubes (Fig. 7), further in the malignant tumours of
the ovary (cancers, granulosa-cell tumors, dysgerminomas). To date, the only
exception was the mucus producing Krukenberg-tumour (Fig. 8a & 8b).

Our investigations have thus shown that protein-bound carbohydrates
are absent in malignant tumours, as the histochemical procedure failed to

Fig. 8/b.
Krukenberg tumour stained with haem.-eosin. Note the large tumour cells (signet-ring) (200 x)

stain the tumour cells. On the other hand, the cells of benign epithelial
tumours react to the stain like the original tissue e. g. cervical polypus stain
vividly while adenomas of the endometrium remain colourless after the
menopause, like the atrophied glands of the uterine mucosa.

Summary

1. Malignant tumours of the female genitals regularly react to the McManus—Hotchkiss
histochemical method by failing to take on the dye, quite independently of the fact whether
the original tissue responded positively to this method or remained unstained. Krukenberg
tumour forms an exception.

2. Consequently, protein-bound carbohydrates are absent in the cells of malignant
tLIJmOUI’S. According to our investigations, this failure to stain is not due to absence of
glycogen.

3. It may be assumed that the McManus—Hotchkiss method will also reveal the precan-
cerous conditions of the cervical canal.

4. It seems that the biochemical alteration of the cell is the primary change in the
genesis of carcinoma. Morphological transformation of the cell follows later.

5. Benign tumours are stained in the same way as the tissues in which they arise.

6. The examinations have revealed a biological property of the cancerous tissue and
may form the basis of further chemical investigations.
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HOBbIE AAHHbIE K BMOXUMWNN 3TOKAUYECTBEHHbIX OMYXOJ/IEN XXEHCKWUX
MOJIOBbIX OPrAHOB

N. Naitow, K. Manu

1. Mpu NpUMeHeHUN rUCTOXMMUYECKOro Metofa Mek-MaHyca-IoTwkucc-a (McManus-
Hotchkiss) 3n0KayecTBeHHble OMYyXO0/MM >KEHCKMX MOMOBbIX OPraHoB pearvpytoT CBOeobpas-
HO. OHUM He MPUHUMAIOT KPacKw, HE3aBUCUMO OT TOrO pearuposana-ni nepeoHavaibHas TKaHb
MONOXMTENIbHO WAW >Ke OCTaBafiacb HeokpalweHHoil. Ha onyxonn Kpykembepra 3ToT 3aKOH
He OTHOCUTCH.

2. TaknM 06pasoM OKa3blBAETCH, YTO B K/METKAX 3/10KA4ECTBEHHbIX OMyXOnei HeT yrne-
BOZOB, CBf3aHHbIX K Oenkam. [0 pe3ynbTaTaM HawuX WMCCNeAOBaHWiA 3Ty OTpULATeNbHYHO
peakLuio HeMb3s 00BACHUTL OTCYTCTBMEM IMKOTeHa.

3. MoxHo npegnonaratb, 4T0 MeTogoM Mek-MaHyca-IoTIWKMCC-a MOXHO 06HapYXUTb
npespakoBble COCTOSHUSA LUIEN MATKM.

4. KaxeTcs, YTO MpW BO3HWUKHOBEHWM PaKOBOW OMYX0MM GUOXMMUYECKME W3MEHEHWS
K/IETOK ABMAIOTCA MEPBUYHLIMK, W 338 HUMWU CNedytoT MOP(ONIOrUYECKUE U3MEHEHUS.

5. [lo6poKayeCTBEHHbIE OMYXO/W KPacATCH, TakXe KaK W TKaHW B KOTOPbIX OHW BO-
3HUKN,

6. HacToswwume nccnefoBaHUsA OCBETUAM HOBOE GMOMOMMYECKOE CBOWCTBO PaKOBOW TKaHM
N CNy>XaT WCXOAHOM TOUKOA ANS AanbHEeRLuMX XUMUYECKUX WUCCefoBaHWA.
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