J c I The Journal of Clinical Investigation

Regression of basal cell carcinoma by intralesional interferon-
alpha treatment is mediated by CD95 (Apo-1/Fas)-CD95 ligand-
induced suicide.

S A Buechner, ..., P ltin, P Erb

J Clin Invest. 1997;100(11):2691-2696. https://doi.org/10.1172/JCI119814.

Research Article

Basal cell carcinoma (BCC) is the most common skin cancer in humans, and although metastasis rarely occurs, the tumor
cells are nevertheless able to invade and destroy the surrounding tissue. Intralesional injection of IFN-alpha has been
found to be highly effective in inducing BCC regression by an unknown mechanism. We show that in untreated patients,
BCC cells express CD95 ligand, but not the receptor, which may allow tumor expansion by averting the attack of activated
CD95 receptor-positive lymphoid effector cells. The CD95 ligand of BCC cells is functional as CD95-positive cells
incubated on BCC cryosections become apoptotic and are lysed. In IFN-alpha-treated patients BCC cells express not only
CD95 ligand but also CD95 receptor, whereas the peritumoral infiltrate that mainly consists of CD4+ T cells predominantly
contains CD95 receptor and only few CD95 ligand-positive cells. Thus, in treated patients BCC most likely regresses by
committing suicide through apoptosis induction via CD95 receptor-CD95 ligand interaction.
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Abstract

Basal cell carcinoma (BCC) is the most common skin can-
cer in humans, and although metastasis rarely occurs, the
tumor cells are nevertheless able to invade and destroy the
surrounding tissue. Intralesional injection of IFN-alpha has
been found to be highly effective in inducing BCC regres-
sion by an unknown mechanism. We show that in untreated
patients, BCC cells express CD95 ligand, but not the recep-
tor, which may allow tumor expansion by averting the at-
tack of activated CD95 receptor—positive lymphoid effector
cells. The CD95 ligand of BCC cells is functional as CD95-
positive cells incubated on BCC cryosections become apop-
totic and are lysed. In IFN-alpha-treated patients BCC
cells express not only CD95 ligand but also CD95 receptor,
whereas the peritumoral infiltrate that mainly consists of
CD4+ T cells predominantly contains CD95 receptor and
only few CD95 ligand-positive cells. Thus, in treated pa-
tients BCC most likely regresses by committing suicide
through apoptosis induction via CD95 receptor-CD95
ligand interaction. (J. Clin. Invest. 1997. 100:2691-2696.) Key
words: basal cell carcinoma « apoptosis « CD95 « CD95
ligand - IFN-alpha

Introduction

Results from several clinical trials suggest that interferon is ef-
fective in the treatment of basal cell carcinoma (BCC)! (1-9).
Using intralesional IFN-alpha over a 3-wk period the overall
success rate in most trials was between 70 and 100% (3, 10).
The mechanism by which intralesional IFN-alpha produces re-
gression of BCC is not clear. Interferons are a group of natu-
rally occurring glycoproteins that possess multiple biological
effects including the control of cell growth and differentiation,
regulation of cell surface antigen expression, and modulation
of humoral and cellular immune responses (11-13). The fact
that a considerable increase in the number of CD4+ T cells in-
filtrating the dermis and surrounding the BCC nests was ob-
served after intralesional IFN-alpha therapy has been inter-
preted to indicate that this T cell subset is involved in
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triggering the immune response against tumor cells (2, 13, 14).
Both CD4+ and CD8+ T cell subsets can express cytolytic ac-
tivity against a variety of target cells, including tumor cells, by
inducing apoptosis (15-17). Apoptosis is characterized by
nuclear and cytoplasmic condensation of single cells with
dense aggregates of chromatin lining the nuclear membrane,
followed by loss of the nuclear membrane and fragmentation
of the nuclear chromatin, resulting in formation of multiple
membrane-bound apoptotic bodies (18-20). Recently, it has
been shown that CD4+ cytotoxic T cells are capable of induc-
ing apoptosis in their target cells via CD95 receptor-CD95
ligand interaction (21-24). CD95 receptor (CD95), a cell sur-
face molecule belonging to the TNF receptor superfamily, is
expressed on a variety of cell types, whereas CD95 ligand
(CD95L), a member of the TNF family, is predominantly ex-
pressed on activated T cells (25). Thus, it is conceivable that
after intralesional treatment with IFN-alpha, infiltrating cyto-
toxic lymphocytes destroy BCC cells by CD95-CD95L inter-
action. Surprisingly, we found that BCCs commit suicide upon
intralesional IFN-alpha treatment by concomitant expression
of CD95 as well as CD95L.

Methods

Patients. 15 patients with histologically proven nodular BCC partici-
pated in the study. Nine patients were treated with IFN-alpha,
whereas six patients served as controls and remained untreated. After
informed consents were obtained, lesions were injected with recombi-
nant IFN-alpha 2b (supplied as a lyophilized powder containing 3 X
10° IU; INTRON-A, Essex Chemie AG, subsidiary of Schering-
Plough Corp., Kenilworth, NJ). Each vial was diluted with 1 ml pre-
servative-free sterile water. Six patients received 1.5 X 101U of IFN-
alpha three times a week for 3 wk, for a total dose of 13.5 X 10° IU.
Two patients received 3.0 X 10° IU per injection three times weekly
with a cumulative dose of 27.0 X 10° IU, and another patient was
treated with three injections of 1.5 X 10° IU given in 1 wk. Seven of
the nine patients were completely cured 6 wk after completion of the
therapy. In two patients the result of the therapy could not be evalu-
ated as the tumors were excised at the end of the therapy.

Skin biopsy specimens. Skin biopsy specimens were obtained
from lesional skin at the end of treatment from two patients. In one
patient biopsy was performed 1 wk after completion of the therapy,
and six patients had skin biopsies 14 to 21 d after treatment. Exci-
sional biopsies from six untreated patients with nodular BCCs served
as controls. All tissue specimens were snap-frozen in liquid nitrogen
and used for immunohistochemical staining and for in situ apoptosis
detection.

Immunohistochemistry. The monoclonal antibodies used were
CD3, CD4, CD8 (Dako SA, Glostrup, Denmark), and anti-CD95
(Medical & Biological Laboratories Co. Ltd., Nagoya, Japan). A
polyclonal anti-CD95L-peptide antibody has been prepared in rab-
bits. The peptide selected according to Tanaka et al. (26) was synthe-
sized and coupled via cysteine to maleide-activated keyhole limpet
hemocyanin or ovalbumin (KLH-CD95L; OVA-CD95L) using the
Imject Activated Immunogen Conjugation Kit (Pierce, Rockford IL).
A rabbit was intramuscularly injected with 500 pg KLH-CD95L
emulsified in complete (for the first injection) or incomplete Freund’s
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Figure 1. Apoptosis, expression of CD4, CD95, and/or CD95-ligand in BCC of IFN-alpha-treated or —untreated patients. (A, C, E, and G) Un-
treated patients; (B, D, F, and H) IFN-alpha-treated patients. (4) No apoptosis is found in BCC of untreated patients. (B) Apoptotic cells (dark
brown) are found in the center of the tumor nests (arrows) of IFN-alpha-treated BCC. (C) A sparse lymphoid infiltrate consisting of CD4+
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adjuvant four times at three weekly intervals. Blood collection was
done 7 d after the last injection. The serum obtained was affinity-puri-
fied over OVA-CDY5L coupled to CNBr sepharose (Pharmacia Bio-
tech, Diibendorf, Switzerland) or over CD95L peptide bound to Ul-
tralink iodoacetyl matrix (Pierce, Rockford, IL). The specificity of
the purified antibody was assayed in enzyme immunoassays using sol-
uble human CD95L (Alexis Corporation, Laufelfingen)-coated plates
on CD95L-positive cell lines (Jurkat, HUT) by immunoperoxidase
staining, Western blots, and cytofluorography.

The immunohistochemical staining procedure used involving the
monoclonal antibodies was the labeled streptavidin-biotin technique
(Dako Diagnostics AG, Zug, Switzerland). Frozen specimens were
cut in 6 um-thick cryostat sections, air-dried, and fixed in acetone for
10 min at —20°C. Sections were then incubated for 30 min at room
temperature with a primary murine monoclonal antibody at a con-
centration of 1:100. Endogenous peroxidase activity was blocked by
incubation with 0.6% hydrogen peroxide in methanol. The sections
were subsequently incubated with biotinylated goat anti-mouse Ig as
secondary antibody at a concentration of 1:100 for 25 min. After
washing in Tris-HCI buffer, the sections were incubated with peroxi-
dase-conjugated streptavidin (1:100) as a third reagent for 25 min.
Peroxidase activity was visualized using 3-amino-9-ethyl carbazole so-
lution (AEC substrate-chromogen; Dako Diagnostics AG) according
to the manufacturer’s instruction. Finally, sections were gently
washed with distilled water, counterstained with haematoxylin, and
mounted under glass coverslips. In each case and for each antibody,
omission of the primary antibody was used as a negative control. For
staining with the anti-CD95L antibody, acetone-fixed sections were
preincubated in PBS containing 10% goat serum at 37°C for 30 min.
Sections were then incubated with the affinity-purified anti-CD95L at
a concentration of 1:15 at room temperature for 1 h, washed in PBS,
and incubated either with a 1:200 dilution of peroxidase-conjugated
goat anti-rabbit IgG (Sigma Chemie AG, Buchs, Switzerland) at
room temperature for 30 min, or with biotinylated goat anti-mouse Ig
followed by peroxidase-conjugated streptavidin as described above.
As control, the prebled serum of the same rabbit used for the produc-
tion of anti-CD95L was used at the same concentration.

Terminal deoxynucleotidyl transferase-mediated dUTP nick end
labeling (TUNEL). The Apop Tag (Oncor Inc., Gaithersburg, MD)
in situ apoptosis detection kit or the In Situ Cell Death Detection Kit
(Boehringer Mannheim, Mannheim, Germany) was used according
to the manufacturer’s instructions. In brief, tissue cryosections were
fixed in formalin for 10 min, washed, and post-fixed in a 2:1 mixture
of ethanol and acetic acid for 5 min at —20°C. Endogenous peroxi-
dase was blocked in 2% hydrogen peroxide. After rinsing and apply-
ing equilibrium buffer, TdT enzyme was added and incubated at 37°C
for 1 h. Stop/wash buffer was then added for 10 min, and antidigoxi-
genin peroxidase was applied for 30 min. Color development was
done using DAB substrate solution, and counterstaining was per-
formed using methyl green. As negative controls, the slides were pre-
pared in the same way except that TdT enzyme was omitted. As posi-
tive control, an IL-3 dependent mastocytoma cell line was used, which
becomes rapidly apoptotic upon IL-3 removal. The Boehringer kit
was used in a similar protocol except that after blocking endogenous
peroxidase the slides were permeabilized with 0.1% Triton, and fluo-
rescein-dUTP was used to label DNA strand breaks.

Demonstration of functional CD95L. Cryosections were pre-
pared from IFN-treated and untreated BCC as well as from healthy
skin, and were transferred onto siliconized glass slides. CD95-positive
cells (4 X 10° A20.2J) were seeded on each cryosection in a half-and-
half mixture of Iscove’s modified Dulbecco’s medium containing 5%
FCS and keratinocyte-SFM medium (Life Technologies AG, Basel,
Switzerland). After 6 h the cells were harvested, washed with PBS,
fixed in 70% ethanol for 1 h at —20°C, and stained with propidium io-
dide (50 pg/ml) for 15 min at 37°C. Quantitative analysis of apoptosis
was performed by FACScan (Becton Dickinson, Basel, Switzerland)
according to a published method (27). Data analysis was performed
with Cell Quest software (Becton Dickinson). As further controls,
A20.2] were incubated onto the same glass slides with soluble recom-
binant murine CD95L (kindly obtained from Dr. A. Fontana, Univer-
sity Hospital Ziirich) or with medium alone. The experiments were
performed three times with several IFN-treated and nontreated pa-
tients. To assess CD95L-mediated lysis, >'Cr-labeled A20.2J (3 X 10°)
were seeded onto the cryosections as described above. After 24 h su-
pernatants (50 ul) were harvested and tested for >'Cr release. Details
of the 3'Cr release assay and calculation of lysis are given elsewhere
(21). Two independent experiments were done using cryosections of
treated and nontreated patients.

Results

Identification of apoptosis by in situ end-labeling of frag-
mented DNA. Biopsy specimens taken from six untreated pa-
tients showed that virtually no apoptotic cells were found in
BCCs and the small lymphoid infiltrate as identified by the
TUNEL (28) technique (Fig. 1 A). In contrast, numerous sin-
gle apoptotic cells were identified within the tumor masses in
patients treated with intralesional IFN-alpha (Fig. 1 B). Inter-
estingly, apoptosis was especially manifest in the center and
less at periphery of the tumor nodules (Fig. 1 B, arrows) and
the number of apoptotic cells was particularly high in cases
showing advanced regression of tumor nests. A small but sig-
nificant number of apoptotic cells was also manifest in the ke-
ratinocytes of the epidermis in the treated as well as untreated
patients (data not shown).

Investigation of BCC, the surrounding tissue, and the lym-
phoid infiltrate for CD95 and CD95L by immunohistochemi-
cal staining. Biopsy specimens taken from nine interferon-
treated BCCs revealed a dense dermal lymphoid infiltrate
surrounding the regressing tumor nests. The number of cells in
the peritumoral infiltrate was highest in biopsy specimens
taken from the lesions 2-3 wk after the completion of therapy.
Immunohistochemically, the majority of cells in the peritu-
moral infiltrate were CD4+ T cells (Fig. 1 D). Only few T cells
were found within the tumor nodules (arrows). Approximately
10-20% of the peritumoral infiltrate were CD8+ T cells (data
not shown). In contrast, lymphoid-infiltrating cells were only
sparsely present in the dermis of patients with untreated BCC

Figure 1 legend (Continued)

T cells is found in the dermis of untreated patients. (D) CD4+ T cells surround the BCC nests in treated patients, but only few T cells are found
within the tumor nodules (arrows). (E) In untreated patients only the keratinocytes in the basal cell layer express CD95 (c¢), whereas the BCC
are CD95-negative. (F) In treated patients a large number of CD95-positive cells are found within the tumor nests (a), in the lymphoid infiltrates
surrounding the tumors (), and in the basal cell layer of the epidermis (c). Epidermic cysts (d) presumably derive from the apoptosis and de-
struction of the tumor masses. (G and H) BCC express CD95L in IFN-alpha-treated (H) as well as untreated patients (G). CD95L-positive cells
are predominantly located in the center of the tumor nests (a), some at the periphery of the tumor nests (b), and some in the spinous layers of the
epidermis (c). Few CD95L-positive cells are found in the infiltrate preferentially near the blood vessels (arrows). All figures are at an original
magnification of 32 with the exception of D and H, which are at a magnification of 80.
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Figure 2. BCC induces apoptosis in CD95-positive A20.2J cells.
A20.2] were added onto cryosections of normal skin or BCC from
IFN-alpha-treated and untreated patients for 6 h. The cells were then
harvested, fixed, and stained with propidium iodide. The rate of
apoptosis was analyzed by FACScan. As a control, A20.2J were incu-
bated with soluble CD95L (FasL). The negative control, A20.2J
alone, is not shown as no apoptosis was detected. The propidium io-
dide staining and the percentage of apoptotic cells is given in the his-
tograms. Dot blots note the marked cell shrinking (as a sign of
apoptosis) of the A20.2J incubated on treated or untreated BCC
compared with normal skin.

(Fig. 1 C), mostly around the blood vessels and at the periph-
ery of tumor nodules. A similar sparse distribution of CD95-
positive cells was found in the dermis of six untreated patients,
whereas the BCC cells were completely CD95-negative (Fig.
1 E). Marked focal inter- and intracellular staining with anti-
CDO95 (Fig. 1 F), however, was seen on the tumor cells in all
BCCs treated with intralesional IFN-alpha. In addition, CD95
was strongly expressed on infiltrating lymphoid cells at the pe-
riphery of the tumor nests and on those in close contact with
the tumor cells (Fig. 1 F). Strong expression of CD95L-positive
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cells was detected within and around the BCC nodules in all
untreated patients (Fig. 1 G). In IFN-alpha-treated patients
the BCC tumor nests demonstrated intense CD95L-expression
(Fig. 1 H), whereas only few CD95L-expressing cells were
found in the lymphoid infiltrates preferentially in the area of
blood vessels (arrows). Thus, while the BCC cells of untreated
patients constitutively expressed CD95L, the BCC cells of
treated patients expressed both CD9SL as well as CD95 re-
ceptor.

Of interest, basal and suprabasal keratinocytes within the
spinous layer strongly stained with anti-CD95 antibody not
only in patients with BCC (Fig. 1, E and F), but also in healthy
control subjects (data not shown). In contrast to CD95, CD95L
was strongly expressed on keratinocytes in the spinous layer
(Fig. 1 G).

BCC express functional CD95L. To evaluate whether the
CDO5L expressed by BCC from IFN-alpha—-treated and —un-
treated patients is functional, CD95-positive cells (A20.2])
were incubated on BCC-cryosections, and apoptosis and lysis
were measured. FACS analysis after propidium iodide staining
showed an increase in the amount of apoptosis of A20.2]
added for 6 h onto BCC from untreated as well as IFN-alpha—
treated patients (Fig. 2). Normal skin also induced a low
amount of apoptosis, which is not surprising since kerati-
nocytes of the spinous layer are CD95L-positive. Moreover,
the A20.2] cells incubated on BCC cryosections for 24 h were
strongly lysed as demonstrated in the more sensitive >!Cr re-
lease assay (Table I), independent of whether the BCC origi-
nated from IFN-alpha-treated or —untreated patients. Normal
skin also induced some lysis of A20.2], again reflecting upon
CD95L expression of the keratinocytes.

Discussion

The results of our study demonstrate that apoptosis is the ma-
jor mechanism of tumor cell death in regressing BCC after in-
tralesional IFN-alpha treatment. Although numerous factors
such as chemotherapeutic agents, ionizing radiation, onco-
genes, glucocorticoids, tumor necrosis factor, transforming
growth factor beta, and cytolytic T cells are known to induce

Table I. BCC from Treated and Untreated Patients Lyse
CD95* Cells

SICr release of A20.2)
Expl Exp II
cpm cpm
Total release 12204 11915
Spontaneous release 3173 3069
Soluble CD95L n.t. 7819 (54%)

Normal skin

BCC Pat. A untreated
BCC Pat. B treated
BCC Pat. C treated

4839 (18%)
7941 (53%) 9612 (74%)
6998 (42%) 8261 (59%)
7826 (51%) n.t.

5765 (30%)

SICr-labeled A20.2J were added to cryosections of normal skin or BCC
obtained from IFN-alpha-treated or —untreated patients. After 24 h su-
pernatants were harvested and the >'Cr release was determined as cpm
(% specific release in parenthesis). As control, soluble recombinant
CD95L was added to *'Cr-labeled A20.2]. n.t., not tested; Pat, patient.



apoptosis (for review see reference 29), the CD95-CD95L sys-
tem has been identified as the most important trigger of apop-
tosis. In this study, we found that the BCCs of untreated
patients were strongly CD95L-positive. CD95 was not detect-
able, confirming the results of other groups (30, 31). Thus,
BCC formation in untreated patients may be due to the ability
of the tumor cells to lyse attacking CD95-expressing effector T
cells via their CD95L. Indeed, CD95L of the BCC proved to
be functional and induced in vitro apoptosis and lysis of CD95-
positive cells such as A20.2J. This strategy resembles the pro-
posed role for CD9SL in the maintainance of immune privi-
lege in mouse testis and in the anterior chamber of the eye (32,
33). Furthermore, our observation is in close agreement with
the recent demonstration of constitutive CD95L expression on
large granular lymphocytic leukemia cells (34), colon cancer
cells (35), melanoma cells (36), hepatocellular carcinoma cells
(37), and astrocytoma cells (38). No CD95 expression was
detected on colon cancer and melanoma cells, whereas the
hepatocellular carcinomas apparently lost CD95 in contrast to
normal liver cells (35-37). These tumor types have been sus-
pected to expand by the induction of apoptosis in infiltrating
CD95-positive lymphocytes. In our study, however, as the con-
sequence of intralesional treatment with IFN-alpha, BCC cells
not only expressed CD95L but also became CD95-positive.
Hence, the concomitant expression of both CD95 and CD95L
could induce apoptosis within the tumor cells, eventually lead-
ing to cell death by suicide or fratricide. A similar mechanism
has been reported in T cell leukemia lines by Friesen et al.
(39), who found in in vitro studies that some anticancer drugs
(doxorubicin, methotrexate) induced apoptosis via upregula-
tion of the CD95-CD95L system. The question arises whether
the infiltrating lymphoid cells also contribute to the destruc-
tion of BCC. Indeed, upon IFN-alpha treatment a large lym-
phoid infiltrate mainly consisting of CD4+ T cells becomes
manifest, predominantly around the tumor nests. The majority
of these cells infiltrating the dermis, however, express CD95,
and only few express CD95L. Although CD4+ CTLs may be
able to induce apoptosis in BCC cells via engagement with
CD95 (21-23, 25, 40), a major lytic effect of such CD95L-posi-
tive CTLs on BCC is rather unlikely for the following reasons:
first, only very few T cells infiltrate the tumor nests, the large
majority being located around the BCC (see Fig. 1 D); and sec-
ond, apoptosis is manifest in the center (see Fig. 1 B) and not
at the periphery of the BCC nests, suggesting that tumor de-
struction starts from inside the nodules, eventually leading to
epidermic cysts.

What role does IFN-alpha play in BCC regression? Al-
though IFN-alpha is claimed to inhibit the growth and prolifer-
ation of malignant cells by prolonging the length of the cell cy-
cle (11), we propose that its major antitumor property may be
based on the recruitment of infiltrating cells and/or upregula-
tion of the CD95-CD95L system. Such an effect may also be
responsible for the induction of apoptotic cell death in squa-
mous cell carcinoma cell lines by IFN-alpha (41). Presently, it
is unknown whether the IFN-alpha—-induced CD95 expression
on BCGs is a direct effect of the drug, or is indirectly mediated,
e.g., by the lymphoid effector cells. It has been shown that
IFN-alpha increases the frequency of IFN-gamma-producing
CD4+ T cells (42), and significantly expands the number of
CD4+ T cells in the dermis (43). It is also well established that
CD95 expression can be induced by interleukin-2 or IFN-
gamma, or by a combination of IFN-gamma and TNF-alpha

Suicide of Basal Cell Carcinoma upon Interferon-alpha Treatment

(25). Recent studies showed that IFN-gamma induces a CD95-
dependent apoptotic process in keratinocytes (44, 45). Since
CD4+ T cells that are known to be a potent source of such cy-
tokines represent the bulk of the infiltrating peritumoral lym-
phocytes, it is possible that they upregulate CD95 on BCC
cells by secreting these cytokines, and thus indirectly contrib-
ute to the CD95L-based cytotoxicity. Presently ongoing in
vitro studies will help to better define these unresolved issues.

In summary, our findings reveal the mechanism of BCC re-
gression upon intralesional IFN-alpha treatment. The apop-
totic cell death in BCC, as identified by DNA fragmentation
and followed by tumor regression, results from specific CD95-
CD95L interactions. Our study demonstrates that certain tu-
mors can be treated successfully by modulating the CD95-
CD95L-system.
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