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Hexadecylphosphocholine (HePC), an experimental and clinical antitumour agent of the alkyllysophospholipid
group, was tested for its radiosensitising effect on a panel of nine human mammary cancer cell lines in vitro.
Growth inhibition by ionising radiation and recovery from it were not influenced by pretreatment with HePC in
most cascs, EXCépl lUl' two t-cll HDCB cxprcaamg an dLquleu ras oncogcne. I.ll l.ne la([el' we Iouna an enndncea
radioresistance that was abolished by pretreatment with HePC. Our results suggest that HePC may act as a
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radiosensitiser for cells carrying an activated ras oncogene.

Eur J Cancer, Vol. 29A, No. 14, pp. 1958-1963, 1993.

INTRODUCTION
HEXADECYLPHOSPHOCHOLINE (HePC), an alkylphosphocholine
lacking the glycerol backbone of alkyllysophospholipids, has
antitumour activity as tested on a number of rodent and human
tumour cell lines in culture [1]. Furthermore, it inhibits the
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have demonstrated regression of small skm nodules in breast
cancer patients after topical application of HePC [3].

HePC is known to inhibit protein kinase C (PKC) and PKC
modulators may change the effect of cytotoxic agents on cancer
cells [4]. Whether or not HePC also changes the effect of ionising
radiation (I.R.) has not been studied. Potential radiosensitising
agenis are actively searched for, especially if they are expected
to have some specificity for cancer cells as compared with normal
cells.

To study combined effects of [.R. and HePC, we have chosen
from well-defined cell families, variants that showed discrete
phenotypic differences in hormone receptors, invasiveness,
oncogene expression and differentiation markers. Mammary
celis, mostiy of human origin, were chosen because of the
documented induction of differentiation in experimental mam-
mary tumours by HePC[S]. The choice did not take into account
ras oncogene expression, because this was, at that time, not
supposed to be a crucial event. Later, it became obvious that
activation of ras genes led to enhanced radiation resistance [6-9].

Effects of treatment on growth of cell populations were
analysed with assays permitting cell-cell interactions in sphe-
roids as described previously [10, 11]. For cells that did not

form aide adified assav wroce diriwa wrae devalamad
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Emphasis was on recovery from growth inhibition rather than
on cell killing or growth arrest.

Our results demonstrate a radiosensitising effect of HePC for
some mammary cancer ceil types and suggest that this effect
might be related to the expression of an activated ras oncogene.

MATERIALS AND METHODS

Cells

We have selected variants of different mammary cancer
cell lines because of documented differences in a variety of
characteristics. MCF-7/AZ and MCF-7/6 cells are, respectively,
non-invasive and invasive in vitro [12]. MCF-7pneorasTD5 cells
express the v-Ha-ras oncogene, in contrast with their parental
MCF-7/AZ cells[13]. Evsa-T is an MCF-7 variant that expresses
at high levels the progesterone receptor [14]. HBL-100HP cells
were chosen as a prototype of myoepithelial cells that underwent
apparently spontaneous conversion towards malignancy [15].
SK-BR-3 cells express at high levels the neu oncogene product
pl85<eBZ [16]. MDA-MB-435S/1 cells lack the cell<ell
adhesion molecule E-cadherin; they were transfected to express

the exogenous mouse E-cadherin gene and coined MDA-MB-
42<Q/1(‘AD/R1R4 The MDA-MR.4358/1 neo-R2 cell ine serves

as a neomycin-resistant control transfectant [17]. To examine
further a possible role for the ras oncogene product in resistance
to HePC and I.R., we used the ras-transfected mouse mammary
cell line NMpneoT24T10 (kindly provided by K. Vleminckx
and F. Van Roy, Laboratory of Molecular Cell Biology, Univer-
sity of Ghent, Belgium). This and other members of the NM

fmly have been described p! PIcy iously y l 11 s 18} Cell lines were

maintained on tissue culture plastic substrate with their appro-
priate media.

Treatments

Cells that produced spheroids in suspension culture were
irradiated as such after selection for a diameter of 0.2 mm. Cells
that Aid s i) ~rde aAinead Py s
Lllﬂl. \«Ll\l LlUL yluuu\.\. O}Jll\'l\ll\-lo WCI\— uxa.\uatcu as \,Ululuclll

cultures on the solid tissue culture substrate at room temperature
and under ambient air pressure before harvesting for cell survival
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Fig. 1. Dose-dependent decrease in cell survival after treatment with HePC. Ordinate, optical density (0.D.) as measured in the MTT test;
mean values from eight cultures, normalised to 1.0 for untreated cultures. Abscissa, concentration of HePC (pg/ml).

and growth assays. For I.LR., we used photons produced by a
%Co Gammatron III (Siemens, Erlangen, F.R.G.) at 70 cGy/
min. Absorbed doses, as measured with lithium fluoride thermo-
luminescent powder (TLD7300; Teledyne Isotopes, Westwood,
New Jersey, U.S.A.) were within the expected ranges + 2 %.
HePC was obtained from ASTA Medica (Frankfurt, F.R.G.);
it was diluted from a stock solution (3 mg/ml culture medium)
at concentrations between 1 and 60 pg/ml. HePC was added to
the spheroids or to cells in culture on solid substrate 48 h before
the onset of the growth assays. In case of combined treatment,
the sequence was as follows: (i) subconfluent cultures on solid
substrate were treated with HePC or untreated for 48 h, then

Table 1. Selection of treatment doses for combinations of tonising

radiation and HePC
Cell type HePC HePC LR.
LDs, LD, IDg_20
(pg/ml)  (pg/ml) Gy
MCF-7/AZ 17.3 6.0 10
MCF-7/6 36.3 10.0 6
MCF-7pneorasTDS 17.8 6.0 14
Evsa-T 43.2 30.0 6
HBL-100HP 4.2 3.0 10
MDA-MB-4358/1 8.9 3.0 10
MDA-MB-4358/1CAD/B1B4 21.5 10.0 10
MDA-MB-4355/1neo-B2 19.5 10.0 12
SK-BR-3 20.8 10.0 10
Average 21.1 9.8 9.8

LDs,, concentration of HePC allowing survival to 50% of untreated
cultures in MTT test. LDy, maximum concentration of HePC allowing
survival equal to untreated cultures. 1D, ,,, maximum dose of ionising
radiation aliowing growth after 2 days in at least 80% of cultures.

the confluent cultures were either irradiated or left untreated,
and finally single cell suspensions were prepared and used to
seed 24-well plates. (ii) Spheroids in shaker flasks were treated
with HePC or untreated for 48 h, then selected spheroids
(diameter = 0.2 mm) were irradiated or left untreated before
explantation in a 24-well plate.

Assay for cell survival

The 3-(4,5-dimethyl-2-thiazolyl)-2, S5-diphenyltetrazolium
test (MTT test) was conducted in accordance with a protocol
published by Romijn [19] and as used by us in previous studies
with HePC [11]. Cells were cultured in 96-well microtitre plates
(Nunc, Roskilde, Denmark) and HePC was added to the culture
during the last 7 days. The mean optical density (0.D.) of
solubilised formazan was measured at day 8 in eight cultures per
concentration of HePC and reported as a function of increasing
HePC concentration.

Assay for growth

The choice of the assay for growth depended on whether or
not cells formed multicellular spheroids in suspension culture.
Individual spheroids with a diameter of 0.2 mm were explanted
in 24-well plates as described above. The largest and its perpen-
dicular diameter were measured and used to calculate the surface
of the area covered by the cells. Increase in surface area beyond
5 mm? was considered as an index of growth, because such an
area could not be covered by migration of cells from the explant
without growth [10].

For cell types that did not form spheroids, droplets of 15 pl
of single cell suspensions at 1.6 x 10 cells/ml were seeded on to
tissue culture substrate and 1 m! of medium was added 24 h
later. Suspensions were prepared by trypsinisation within 1 h
after I.R. With such cultures, one or more of the following
indices were scored as positive for growth: saturation density
within the area of seeding; clonal outgrowth within the area of
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Fig. 2. Effect of ionising radiation on the growth of spheroids of

MCF-AZ (panel a) and MCF-7/6 (panel b) cells explanted on tissue

culture substrate. Ordinate: fraction of cuitures positive for growth

(area covered over 5 mm?). Abscissa: time after explantation of

spheroids.

seeding; radial outgrowth leading to an increase of the area
covered by cells. In all experiments, eight to 12 cultures were
used for each treatment. Incubations were at 37°C in an atmos-
phere of air plus 10% or 5% CO; and with 100% humidity for at
least 28 days. Media were replenished weekly.
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Fig. 3. Illustration of the type of growth curves obtained with MDA-
MB-435S/1ne0-B2 cells seeded from suspension on tissue culture
substrate, untreated or after irradiation. Ordinate: fraction of cultures
showing growth; first score after S days. Abscissa: days after seeding.

RESULTS

Effect of HePC on cell survival

A dose-dependent decrease in O.D. was observed for all cell
types at concentrations between 6 and 60 p.g/ml. Typical curves
are shown in Fig. 1. For most cell types, with the exception of
SK-BR-3 cells, MDA-MB-4355/1CAD/B1B4 cells and Evsa-T
cells, a slight increase in O.D. was observed at concentrations of
1and 5 pg/ml. The concentration of HePC that produced a 50%
decreasein O.D. (LDsg) varied for the different cell types between
4 and 43 pg/mi (Table 1).

Effectof I.R. on growth

In experiments with spheroids the fraction of cultures meeting
the criterium for growth (area covered of at least 5 mm?) after
28 days was lower with higher doses of I.R. (Fig. 2). This figure
also shows that the delay in reaching the 5-mm? limit increases
with increasing doses of I.R. In experiments with cell suspen-
sions, the fraction of cultures which recovered from growth
inhibition was also lower with higher doses of I.R. (Table 2).
Furthermore, higher doses corresponded with an earlier growth
arrest and a greater maximum inhibition of growth, as seen by
the lower fraction of cultures showing growth arrest (Table 2,
Fig. 3). For combined treatments we chose doses of I.R. that

Table 2. Growth characteristics of irradiated cell populations seeded as droplets of single cells on tissue culture substrate

Cell type Day of growth arrest* Day of recoveryt
Onset Maximum growth inhibition
8Gy 110Gy 12Gy 114Gy 8Gy 10Gy 12Gy 14Gy 8Gy 110Gy 12Gy 114Gy

MCF-7/AZ 5(0.8) 19(0.2) 23 (0.5)

HBL-100HP no no 9(0.7) 7(0.0) no no 16(0.3) 7(0.0) no no 21(0.5) nr (0.0)
MDA-MB-4358/1 no no 16(0.5) 7(0.2) no no  21(0.1) 19 (0.0) no no nr (0.1) nr(0.0)
MDA-MB-4355/1CAD/B1B4 no 12(0.9) 5(0.7) 50.7) no 12(0.9) 7(0.0) 7(0.0) no 14 (1.0) nr (0.0) nr (0.0)
MDA-MB-4355/1neo-B2 no no 7(0.4) 7(0.3) no no 12(0.3) 21(0.3) no no 19 (0.4) 28 (0.3)
SK-BR-3 no no 19(0.6) 7(0.5) no no 21(0.4) 19(0.D no no nr(0.4) nr(0.1)

* Figures in parentheses are the fraction of cultures showing arrest of growth. T Figures in parentheses are the fraction of cultures showing growth,
with or without previous arrest. no, no growth arrest observed. nr, no recovery of growth inhibition observed.
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resulted in growth of at least 80% of the cultures after 28 days
(ID()_Z() ln Table 1).

Combinations of HePC and I.R.

Doses of HePC used in combined treatments were chosen
from MTT tests, except for NMpneoT24T10 cells, for which
we used preliminary data from spheroid cultures. In both cases
the selection aimed at minimal effect. of either treatment alone.
In experiments with spheroids, treaunent with I.R. following
HePC, at LD, (see Table 1) had litde or no effect on growth,
except for ras-transfectant MCF-7pneorasTDS cells (Table 3).
The results with MCF-7/6 cells even suggested some protective
effect of HePC. For the ras-transfectant, the combined treatment
resulted in complete inhibition of growth without any recovery
at day 28. Absence of recovery from growth inhibition was also
found in experiments with suspensions of MCF-7pneorasTD5
cells (Fig. 4). For all other cell types tested by seeding as a
suspension, the combination of HePC plus I.R. produced no
growth delay, as with treatment with either agent alone (data not
shown).

Combined treatments were also conducted with NM-
pneoT24T10 mouse mammary cells expressing the mutated c-
Ha-ras oncogene after transfection. With this cell line, growth
inhibition was enhanced when both agents were combined as
was observed with the ras-transfected MCF-7pneorasTD5 cells
(Table 3).

DISCUSSION

The present experiments confirm that expression of an acti-
vated ras oncogene may enhance the radioresistance of cells and
suggest that this enhancement can be neutralised by HePC.

The assays for growth used in the present experiments were
preferred over survival curves for testing I.R. because we
considered that, for the treatment of cancer, the fraction of cells
recovering after growth inhibition was more important for
prognosis than the fraction killed. We wanted to have 3-
dimensional or at least 2-dimensional cell-to-cell contacts during
as much of the experiment as possible, since this mimics the
geometry of tumours more closely than single cell suspensions.
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Fig. 4. Growth curves obtained with MCF-7pnearasTDS5 cells

explanted as spheroids (panel a) or seeded as cell suspensions (panel

b); cells were untreated, treated with hexadecylphosphocholine,
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Table 3. Growth characteristics of spherotds treated by ionising radiation (1.R.), hexadecylphosphocholine
(HePC) or a combination of both (HePC + I.R.)

Cell type Fracuon growingt
(Gy; pg/ml) Delay of growth* (at day 28)

LR. HePC  HePC + LR. LR. HePC HePC + LR.
MCF-7/AZ 700.2) no 10 (0.5) 1.0 1.0 1.0
(10; 10) 1.0
MCEF-7/6 5(0.1) -2(0.2) 3(0.5 1.0 1.0
(6; 30) 1.0
Evsa-T 3(0.3) no 3(0.9) 1.0 1.0
(65 30) 0.6
MCF-7pneorasTDS 9(0.D no > 20(0.0) 1.0 0.0
(145 10) 3(0.7) no > 19 (0.0) 1.0 1.0 0.0
NMpneoT24T10 7(0.1) no 12 (0.1) 1.0 1.0 0.3
(14; 30)

* Difference in onset of growth (i.e. area covered more than 5 mm?) between untreated and treated cultures
expressed in days; a negative value indicates an earljer onset of growth in treated as compared to untreated
cultures. Figures in parentheses are the fraction of treated cultures showing growth at the onset of recovery.
+ With or without previous growth delay. no, no growth arrest observed. MCF-7pneo ras TDS: data from two

sets of experiments are mentioned separatefy.



1962

It has indeed been demonstrated that cell-to-cell contact greatly
influences the effects of therapeutic agents [20]. In cultures
seeded from single cell droplets, growth was scored earlier than
in cultures seeded from spheroids because of the criteria applied.
However, the final score of the fraction of cultures showing
growth at the end of the assay was similar for both types of
cultures, as was demonstrated in a matched experiment with
MCF-7pneorasTDS5 cells.

The sensitivity of the present human mammary cancer cell
lines to HePC was in the same order of magnitude as described
for other cell lines and for other alkyllysophospholipids [1,
11, 21]. The radiosensitivity of these mammary cell lines as
measured through recovery from growth inhibition was higher
than that of mouse tumour cells studied earlier with similar
methods of observation [22].

In our present limited series of cell types, the oncogenic ras-
transfected and ras-expressing human and mouse variants were
relatively radioresistant as compared with the other cell lines.
This is in line with data from the literature. Expression of an
activated H-ras oncogene did induce radiation resistance in
primary rat embryo cells (RE) and this phenomenon was
enhanced by the adeno E1A and by the myc oncogenes which by
themselves did not change the response to I.R. [6-9]. With these
rat cells, D, values increased from about 100 cGy to about
150 cGy and this 50% increase is comparable to the increase in
radioresistance found with our human cell line. Radiation-
induced inhibition of DNA synthesis was higher and persisted
longer in the oncogene-transformed than in the parental RE cell
lines, presumably through inhibition of replicon initiation [7].
Longer inhibition of DNA synthesis correlates with greater
radioresistance because the delay may allow more repair and so
reduce fixation of radiation damage. Radioresistance of ras-
transfected rat rhabdomyosarcoma cells in vitro and in vivo was
also ascribed to a more efficient repair of radiation-induced
damage in the transfected cells [9]. Whatever its mechanisms,
oncogene-induced radioresistance points to a possible genetic
basis for radioresistance in conjunction with the influence of the
local tumour-host microecosystem. It is worthwhile noticing
that the ras gene product p21 constitutes one element in the
signal transduction of some growth factors that stimulate DNA
synthesis via AP-1 transactivation. In this pathway, PKC may
be a crucial element although other protein kinases may be
involved as well [4, 23, 24].

We have previously used recovery from growth inhibition in
parallel with colony formation in soft agar to study radiosensitis-
ation by chemotherapeutic agents [25]. In the present study,
HePC appeared to have radiosensitising effect in the ras-express-
ing cell types, as it increased the radiosensitivity of these cells
beyond the level of their non-transfected counterpart. HePC and
its congeners are inhibitors of PKC both in living cells and in
cell-free extracts [4, 26-28]. Other PKC inhibitors have been
described as radiosensitisers and this argues in favour of a role
for PKC in cellular responses to I.R. For JSQ-3 and SQ-
20B cells staurosporin and sangivamycin acted as radiation
sensitisers. SQ-20B cells were isolated from a squamous cell
carcinoma of the larynx that had progressed after a full course of
radiotherapy [29]. A possible link between the ras gene product,
LR. and HePC is PKC. p21™ transduction of signals for DNA
synthesis implicate stimulation of PKC [30]. In view of this
connection, HePC may counteract p217 stimulation of DNA
synthesis and reduce the period for potential DNA repair after
I.R. Thus, p21™* activation may precede PKC activation and
inhibition of PKC may block the ras signalling pathway.

E.A. Bruyneel ez al.

To conclude, our interpretation is that ras makes cells more
resistant to ionising radiation and that this phenomenon may be
abrogated by HePC. This suggests testing of the radiosensitising
activity of HePC in cancers with an activated ras oncogene.

1. Fleer EAM, Berkovic D, Unger C, Eibl H. Cellular uptake and
metabolite fate of hexadecylphosphocholine. In Eibl H, Hilgard P,
Unger C, eds. Progress in Experimental Tumor Research, Vol. 34,
Alkylphosphocholines: New Drugs in Cancer Therapy. 1992, 25-32.

2. Hilgard P, Stekar J, Vogeli R, et al. Characterisation of the
antitumor activity of hexadecylphosphocholine (D 18506). Eur ¥
Cancer Clin Oncol 1988, 24, 1457-1461.

3. Unger C, Fleer EAM, Koétting J, Neumiiller W, Eibl H. Antitumo-
ral activity of alkylphosphocholines and analogues in human leuke-
mia cell lines. In Eibl H, Hilgard P, Unger C, eds. Progress in
Experimental Tumor Research, Vol. 34 Alkylphosphocholines: New
Drugs in Cancer Therapy. 1992, 12-24.

4. Grunicke HH, Uberall F. Protein kinase C modulation. Sem Cancer
Biol 1992, 6, 351-360.

5. Hilgard P, Harleman JH, Végeli R, Maurer HR, Echarti C, Unger
C. Induction of differentiation as a possible mechanism for the
antineoplastic activity of hexadecylphosphocholine. 7 Cancer Res
Clin Oncol 1989, 115 (suppl.), 54.

6. McKenna WG, Weiss CM, Bakanauskas V] et al. The role of the H-
ras oncogene in radiation resistance and metastasis. Int ¥ Radiat
Oncol Biol Phys 1990, 18, 849-859.

7. Wang Y, Iliakis G. Prolonged inhibition of X-rays of DNA synthesis
in cells obtained by transformation of primary rat embryo fibroblasts
with oncogenes H-ras and v-myc. Cai cer Res 1992, 52, 508-514.

8. Hunt TP, Levine RA, Pardo FS, Borek C. Ras transfection results
in increased resistance to ionizing radiation and clonal heterogeneity
in ras expression in vitro and in vivo. Int ¥ Radiat Oncol Biol Phys
1992, 24 (suppl. 1), 141.

9. Hermens AF, Bentvelzen PA]. Influence of the H-ras oncogene on
radiation responses of a rat rhabdomyosarcoma cell line. Cancer Res
1992, 52, 3073-3082.

10. Storme G, Mareel MM. Effect of anticancer agents on directional
migration of malignant C3H mouse fibroblastic cells in vitro. Cancer
Res 1980, 40, 943-9438.

11. Schallier DCC, Bruyneel, EA, Storme GA, Mareel MM. Role of the
host tissue in the anti-invasive activity of the alkyllysophospholipid,
ET-18-OCH3, in vitro. Clin Expl Metastasis 1991, 9, 579-591.

12. Bracke ME, Van Larebeke NA, Vyncke BM, Mareel MM. Retinoic
acid modulates both invasion and plasma membrane ruffling of
MCF-7 human mammary carcinoma cells in vitro. Br ¥ Cancer 1991,
63, 867-872.

13. Van Roy F, Mareel M, Vleminckx K er al. Hormone sensitivity in
witro and in vivo of v-ras ransfected MCF-7 cell derivatives. Inr ¥
Cancer 1990, 46, 522-532.

14. Devieeschouwer N, Olea Serrano N, Leclercq G, Legros N, Heuson
JC. Induction of progesterone receptor in an estrogen, progesterone
receptor-negative breast cancer cell line. ¥ Steroid Biochem 1986, 24,
365-368.

15. Krief P, Saint-Ruf C, Bracke M. et al. Acquisition of tumorigenic
potential in the human myoepithelial HBL 100 cell line is associated
with decreased expression of HLA class I, class II and integrin B3
and increased expression of c-myc. Int J Cancer 1989, 43, 658-664.

16. Kraus MH, Popescu NC, Amsbaugh SC, King CR. Overexpression
of the EGF receptor-related proto-oncogene erbB-2 in human mam-
mary tumor cell lines by different molecular mechanisms. EMBO ¥
1987, 6, 605-610.

17. Frixen UH, Behrens |, Sachs M et al. E-cadherin-mediated celi—cell
adhesion prevents invasiveness of human carcinoma cells. ¥ Cell
Biol 1991, 113, 173-185.

18. Vieminckx K, Vakaet L JR, Mareel M, Fiers W, Van Roy F.
Genetic manipulation of E-cadherin expression by epithelial tumor
cells reveals an invasion suppressor role. Cell 1991, 66, 107-119.

19. Romijn JC, Verkoelen CF, Schroeder FH. Application of the MTT-
assay to human prostate cancer cell lines in vitro: establishment of
test conditions and assessment of hormone-stimulated growth and
drug-induced cytostatic and cytotoxic effects. The Prostate 1988, 12,
99-110.

20. Sutherland RM. Cell and environmen: interactions in tumor
microregions: the multicell spheroid model. Science 1988, 240,
177-184.



Hexadecylphosphocholine May Abrogate Radioresistance

21. Storme GA, Berdel WE, van Blitterswijk W], Bruyneel EA, De
Bruyne GK, Mareel MM. Antiinvasive effect of racemic 1-0-
Octadecyl-2-0-methylglycero-3-phosphocholine on MO4 mouse
fibrosarcoma cells in vitro. Cancer Res 1985, 45, 351-357.

22. Storme GA, Mareel MM, Dragonetti CH. Recovery from growth
inhibition in irradiated MO4 spheroids: suspension cultures versus
explanted cultures. Cell Biol Int Rep 1983 7, 99-107.

23. Cantley LC, Auger KL, Carpenter C et al. Oncogenes and signal
transduction. Cell 1991, 64, 281-302.

24. Datta R, Hallahan DE. Involvement of reactive oxygen intermedi-
ates in the induction of c-jun gene transcription by ionizing radiation.
Biochemistry 1992, 31, 8300-8306.

25. Storme G, Distelmans W, De Neve W, Mareel M. Interaction
between microtubule inhibitors and ionizing radiation. In Bellamy
A, Hill B, eds. Interactions Between Antitumor Drugs and Radiation.
Boca Raton, CRC Press, 1990, 108-123.

26. van Blitterswijk W], van der Bend RL, Kramer I, Verhoeven AJ,
Hilkmann H, de Widt J. A metabolite of an antineoplastic ether
phospholipid may inhibit transmembrane signalling via protein
kinase. Science 1989, 243, 500-507.

Eur ¥ Cancer, Vol. 29A, No. 14, pp. 1963-1970, 1993.
Printed in Great Britain

1963

27. Hannun YA, Beil RM. Function of sphingolipids and sphingolipid
breakdown products in cellular regulation. Science 1989, 243,
500-507.

28. Uberall F, Oberhuber H, Maly K, Zaknun J, Demuth L, Grunicke
HH. Hexadecylphosphocholine inhibits inositol phosphate forma-
tion and protein kinase C activity. Cancer Res 1991, 51, 807-812.

29. Hallahan DE, Virudachalam S. Inhibition of protein kinases sensit-
izes human tumor cells to ionizing radiation. Radiation Res 1992,
129, 345-350.

30. Marshail CJ, Lloyd AC, Morris JD, Paterson H, Price B, Hall A.
Signal transduction by p21ras. Int ¥ Cancer 1989, (suppl. 4), 29-31.

Acknowledgements—The authors thank 1L.. Baeke, A. Verspeelt for
technical assistance, Jean Roels van Kerckvoorde for preparing the
illustrations and G. Matthys-De Smet for typing the manuscript. This
work was supported by grants of the NFWO, the ASLK-Kankerfonds
and the Belgisch Werk tegen Kanker, Brussels, Belgium.

0959-8049/93 $6.00 + 0.00
© 1993 Pergamon Press Lid

HILA Expression in Pre-invasive Cervical
Neoplasia in Relation to Human Papilloma Virus
Infection

Susan S. Glew, Mary E. Connor, Peter ]J.F. Snijders, Cynthia M. Stanbridge,
C. Hilary Buckley, Jan M.M. Walboomers, Chris J.L.M. Meijer
and Peter L. Stern

A significant proportion of cervical carcinomas show loss of major histocompatibility complex human leucocyte
antigen (HLA) class I expression while upregulating HLA class II expression. These changes may have direct
consequences for inmune surveillance of the human papilloma virus (HPV) infection which is strongly associated
with cervical malignancy. A relationship between changes in HLA expression and HPV infection may be evident
in the evolution of premalignant disease. This immunohistological study of 104 colposcopic biopsies establishes
that HLA class II expression occurs in a significant proportion of squamous epithelia showing histological
evidence of wart virus infection and cervical intraepithelial neoplasia (CIN) I to IIL. In comparison, alteration of
HLA class I expression in cervical premalignant lesions is rare. There is no correlation between the detection of
high risk HPY DNA (types 16, 18, 31 and 33) by polymerase chain reaction (PCR) and the MHC class II phenotype
of the lesion. This suggests that altered HLA class II expression is neither a consequence nor a prerequisite for
HPV infection.
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INTRODUCTION
CERVICAL CANCER and precancer form a disease continuum
ranging from cervical intraepithelial neoplasia (CIN) through
microinvasion to invasive carcinoma; about 70% of the tumours
are squamous and 30% are adeno- and adenosquamous carci-
nomas [1]. Most tumours are thought to develop from an area of
intra-epithelial neoplasia within the transformation zone [2].
This is at the junction of the ectocervical non-keratinising
stratified squamous epithelium and the columnar epithelium
lining the endocervical canal. At puberty, the increased concen-
tration of ovarian hormones increases the bulk of the cervix

leading to eversion of the columnar epithelium. Squamous
metaplasia, the gradual replacement of the columnar by squam-
ous epithelium through reserve cell proliferation [3], occurs in
response to the relative acidity of the vaginal environment
compared to that of the cervical canal. It is in the transformation
zone that CIN may arise either by unicellular origin with
horizontal spread to replace the normal epithelium [4] or by field
transformation [3, 5]. An association between sexual behaviour
and cervical cancer has long been observed (e.g. early age at first
intercourse [6] and number of sexual partners [7]), and it is
recognised that sexually transmitted infections are one of the



