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Abstract

To characterize the nature of the local cytokine response to
cancer, we chose to investigate cytokine patterns in biopsy spec-
imens of basal cell carcinoma (BCC). We hypothesized that a
distinct pattern of local cytokine production may be character-
istic of BCC, a neoplasia of epidermis, in comparison to the
pattern of seborrheic keratosis (SK), a benign growth of epi-
dermis. We analyzed cytokine mRNAs in BCC versus SK by
performing polymerase chain reaction on mRNA derived from
biopsy specimens. The mRNAs encoding cytokines for 1L-4,
IL-5, IL-10, and granulocyte macrophage colony-stimulating
factor were strongly expressed in BCC lesions and weakly ex-
pressed in SK lesions. Conversely, IL-2, IFN-v, and lympho-
toxin mRNAs were strongly expressed in SK lesions and
weakly expressed in BCC lesions. The response to malignancy,
BCC, was typified by cytokines characteristic of murine T2
cells. This cytokine pattern favors humoral immunity with con-
comitant immunosuppression of cell-mediated immune re-
sponses. In comparison, the response to the benign growth, SK,
was typified by cytokines characteristic of murine Ty1 cells
that favor cell-mediated immune reactions. The findings of a
distinct cytokine pattern in skin cancer provide a framework to
develop strategies for immunologic intervention. (J. Clin. In-
vest. 1993. 91:1005-1010.) Key words: basal cell carcinoma «
cytokines * T lymphocytes ¢ interleukin-4 « interleukin-10

Introduction

It is generally believed that the immune response against malig-
nantly transformed cells requires the elaboration of cytokines
produced by T cells. For example, cytokines appear to be essen-
tial for the activation of natural killer cells and cytotoxic T
lymphocytes to lyse tumor targets. This mechanism has been
recently exploited in the design of a variety of cytokine thera-
pies for tumors. These include the (a) direct administration of
lymphokines to patients (either systemically or locally), () in
vitro culture of immune cells from patients with cytokines fol-
lowed by administration of these so-called lymphokine-acti-
vated killer cells to patients ( 1), (¢) the transfection of cytokine
genes into T cells to activate the local antitumor defense (2),
and (d) the transfection of cytokine genes into tumors as vac-
cines to engender and activate cytotoxic T lymphocytes in vivo
(3, 4). Such therapeutic protocols assume that the cell-me-
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diated immune response to cancer is suboptimal and augmen-
tation of the response will result in a successful antitumor re-
sponse.

To more fully characterize the host response against neo-
plasms, we chose to investigate the pattern of local cytokine
production in basal cell carcinoma (BCC).! BCC provides an
extraordinary opportunity to study the nature of the local cyto-
kine response. As cancers of the skin, the lesions are readily
accessible for biopsy and study. More importantly, the im-
mune response appears to play an important role in the course
of this cancer. Although these neoplasms rarely metastasize,
they frequently are invasive. In immunosuppressed individ-
uals, BCCs are more numerous (5). The prominence of the
host inflammatory response around resolving tumors suggests
a role for the immune response in eliminating the tumor (6).
Finally, intralesional administration of cytokines, such as IL-2,
IFN-y, and IFN-a, can induce resolution of these tu-
mors (7-10).

Studies have addressed the production in vitro of cytokines
by tumor-infiltrating lymphocytes derived from other cancers,
although without comparison to lymphocytes from benign le-
sions (11). We wanted to examine the local cytokine produc-
tion in situ unbiased by manipulation of these cells in tissue
culture. We hypothesized that a distinct pattern of local cyto-
kine production may be characteristic of BCC, in comparison
to that of a benign growth. Since BCC represents a malignant
growth of epidermis, we compared the cytokine pattern in BCC
to irritated seborrheic keratosis (SK), which represents a be-
nign hyperplasia of the epidermis. This was accomplished by
performing PCR on mRNA derived from these specimens.

Methods

Specimens. 10 BCC tissue specimens were obtained from excisional
biopsies after informed consent. These were clinically and histologi-
cally typical BCC, not recurrent or aggressive, and consisted predomi-
nantly of central tumor without dermis. Seven irritated SKs were cho-
sen for comparison as benign lesions. These SKs were clinically in-
flamed and characterized histologically by a dense lymphocytic
infiltrate. Biopsy specimens were placed in OCT medium (Ames Co.,
Elkhart, IN), snap frozen in liquid nitrogen, and stored at —70°C.
RNA isolation and ¢cDNA synthesis. 40-50 5-um sections of each
biopsy specimen were lysed in 0.5 ml guanidinium buffer (4 M guani-
dinium isothiocyanate, 50 mM Tris-HCl, 10 mM EDTA, 2% sarcosyl,
100 mM 2-mercaptoethanol). After phenol/chloroform extraction,
the lysate was layered onto 5.7 M CsCl gradient and ultracentrifuged at
50,000 rpm at 20°C for 3 h in a TL-100 using a TLS-55 rotor (Beck-
man Instruments, Inc., Fullerton, CA). The RNA pellet was redis-
solved in the presence of 20 U RNase inhibitor (Boehringer Mannheim
Biochemicals, Indianapolis, IN) and treated with 10 U RNase-free
DNase I (Promega Biotec, Madison, WI) for 30 min at 37°C to elimi-
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nate any remaining genomic DNA. Total RNA was precipitated with
sodium acetate and ethanol. cDNA was synthesized from mRNA by 1
h incubation at 42°C with avian myeloblastosis virus reverse transcrip-
tase (Bethesda Research Laboratories, Gaithersburg, MD) and poly-
dT (Pharmacia Inc., Piscataway, NJ) priming.

PCR analysis. PCR was performed as previously described (12).
Briefly, the PCR reaction mixture contained 10 mM Tris-HCI, pH 9.0;
50 mM KClI; 0.01% (wt/vol) gelatin; 2.5 mM MgCl,; 0.2 mM dNTP;
1.0 uM 5’ and 3’ oligonucleotide primers; and 2.5 U Taq polymerase
(Promega Biotec). The oligonucleotides primer sequences have been
previously reported (13). These included primers for g-actin, CD3o,
IL-18,IL-2, IL-4, IL-5, IL-6, IL-10, GM-CSF, TNF-q, IFN-v, and lym-
photoxin. Samples were then amplified in a DNA thermocycler (Per-
kin-Elmer Corp., Norwalk, CT) for 35 or 40 cycles. Each cycle con-
sisted of denaturation at 94°C for 1 min and annealing/extension at
55°C (for IL-2 and IFN-v) or 65°C for 2 min (all other cytokines). An
aliquot of PCR product was then electrophoresed on 2% agarose gels
and visualized by ethidium bromide staining.

Radioactive hybridization and quantification of PCR product. To
verify that PCR amplification was specific for cytokine mRNA, PCR
products were transferred to Hybond-N nylon membranes (Amer-
sham Corp., Arlington Heights, IL) and probed with a radiolabeled
oligonucleotide complementary to sequences within the region flanked
by a pair of cytokine primers. The sequences of cytokine internal
probes have also been reported (13). Blots were hybridized at 55°C
with y-P (*P-yATP; 7,000 Ci/mM; ICN Pharmaceuticals, Inc.,
Costa Mesa, CA) labeled probe on the 5’ end by T4 polynucleotide
kinase (Boehringer Mannheim Biochemicals) for 4 h. Membranes
were then washed for 10 min with 2X SSC and 0.1% SDS, followed by
0.2X SSC and 0.1% SDS at ambient temperature, and subjected to
autoradiography.

PCR products were quantified using a radioanalytic imaging sys-
tem (AMBIS; Automated Microbiology Systems, Inc., San Diego,
CA). Probed membranes were scanned for 1 to 3 h and the amount of
radioactivity bound to PCR products present in any one lane was deter-
mined. The relative intensity of individual bands was expressed as rela-
tive cpm. The most intense band was assigned the value of 100 and the
intensity of other bands expressed proportionately. Statistical differ-
ences between patient groups were assessed by Students’ ¢ test. The
Wilcoxon Rank-Sum test was used for the lymphotoxin data because
the data were not normally distributed.

Verification of PCR. PCR analysis of 10-fold serially diluted plas-
mids containing IL-2, IL-4, IL-6, IL-10, IFN-y, and TNF-a cDNAs
with visualization by ethidium bromide staining indicated that our
PCR procedure was sensitive to 102-10* copies of template for each
cytokine. Furthermore, the intensity of the PCR product increased
accordingly from the number of copies of starting plasmid to = 107-
10° copies (12).

To demonstrate that our comparative PCR strategy is valid
throughout a range of cDNA concentrations, 10-fold serial dilutions of
IL-2, IL-4, IL-6, IL-10, IFN-v, and TNF-a cDNA containing plasmids
were subjected to PCR, probe hybridization, and quantification by
radioanalytic scanning ( 13). As indicated in Fig. 1, there was a log-lin-
ear correlation between the number of starting copies of plasmid and
the yield of PCR products across the range of plasmid concentrations
investigated. Adding IFN-y cDNA to serial dilutions of IL-10 cDNA
did not alter the amount of IL-10 PCR product (data not shown ). Our
tissue cDNA samples were in the linear part of the plasmid titration,
according to the intensity of PCR products. These results indicate that
our PCR conditions provide meaningful comparison of the small
amounts of cytokine mRNAs present in lesions.

A number of controls were employed to ensure accurate compari-
sons of the different samples studied. Upon PCR amplification of serial
10-fold dilutions of sample cDNAs, a concomitant decrease in the PCR
product was observed. Similarly, varying the number of PCR cycles did
not change the relative differences between samples. These studies indi-
cate that our PCR conditions are not within the plateau phase of ampli-
fication. Mixing of cDNAs from different patients did not inhibit or

1006 M. Yamamura, R. L. Modlin, J. D. Ohmen, and R. L. Moy

TITRATION OF IL-10 PLASMID

40
32
24

16 [

cpm x 10°

0 - AR oo foad 4
10’ 10? 10’ 10* 10° 10° 10’

NUMBER OF COPIES

Figure 1. Quantitation of PCR amplification of IL-10 plasmid cDNA.
PCR was performed in triplicate for each concentration of plasmid
cDNA. The products were electrophoresed, transferred to nylon
membranes, and hybridized with a radiolabeled internal oligonucleo-
tide probe. The transfers were then scanned according to radioactivity.

augment PCR amoplification, indicating that cDNAs do not directly
alter PCR efficiency. Each experiment included a positive control
(phorbol myristate acetate and ionomycin-stimulated peripheral blood
mononuclear cells) and a negative control (either sample RNA that
had not been reverse transcribed or buffer alone). The latter control
did not yield PCR product, confirming the absence of extraneous
cDNA or PCR product contaminating the samples. In addition, we
routinely used extensive precautions to avoid PCR artifact, including
assembling reactions in laminar flow hoods, use of aliquoted reagents,
pipettes dedicated for assembling PCR reactions, and aerosol resistant
tips (Continental Lab Products, La Jolla, CA).

Results

Because several cytokine mRNAs exist at very low levels in
BCC lesions, we extracted total RNA from biopsy specimens
and reverse transcribed the polyadenylated mRNAs to synthe-
size¢ cDNAs. We performed PCR using cytokine-specific
primers to compare the cytokine expression within BCC le-
sions with SK lesions. The cDNAs were normalized to yield
equivalent amounts of 8-actin PCR product to standardize the
amount of total cellular mRNA in each PCR reaction. This
procedure was used to normalize sample cDNAs for analysis of
cytokines known to be produced by a variety of cell types.
Samples were normalized to yield equivalent amounts of CD36
chain PCR product, as a measure of T cell mRNA, for cyto-
kines mainly produced by T lymphocytes.

PCR analysis of cytokines produced by a variety of cell
types. Cytokine PCR profiles of BCC lesions were found to be
distinctly different from SK lesions. Cytokine mRNAs pro-
duced by a variety of cell types, IL-18, IL-6, IL-8, and GM-
CSF, were generally more abundant in BCC than in SK when
visualized by ethidium bromide staining (Fig. 2 A). For IL-18,
strong ethidium bromide-stained bands corresponding to the
predicted molecular weight were detected in 3/5 BCC and only
1/3 SK. Weaker bands were seen in the other samples. For
IL-6, weak bands were seen in 4/5 BCC and none of the SK.
For IL-8, PCR product as visualized by ethidium bromide
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staining was seen in 2/5 BCC and weak bands in 2/5 other
BCC; whereas, in contrast, product was seen in only 1/3 SK.
For GM-CSF, strong ethidium bromide bands could be visual-
ized for 4/5 BCC and a weak band in 1/3 SK. TNF-a mRNA
was almost equivalent in BCC versus SK, with PCR product
being prominent in 4/5 BCC specimens and 3/3 SK speci-
mens.

Quantification of these PCR products was accomplished by
probing, using radiolabeled oligonucleotides specific for cyto-
kine sequences followed by radioanalytic imaging. This analy-

‘sis indicated that the mean GM-CSF PCR product was more
than threefold higher in BCC than in SK whereas the mean
IL-18 was twofold higher in BCC. IL-6 and IL-8 PCR products
were less than twofold elevated in BCC compared with SK.
TNF-a PCR product was similarly expressed in BCC com-
pared with SK (Fig. 2 B).

PCR analysis of cytokines produced mainly by T cells. In
evaluating the production of cytokine mRNAs produced by T
cells, two distinct patterns emerged. IL-2 and IFN-y mRNA:s,
“Type 1” (14) or Tyl cytokines characteristic of T cells in-
volved in cell-mediated immune responses, were more abun-
dant in SK lesions than in BCC lesions. Fig. 3 4 shows represen-
tative PCR products from eight samples. IL-2 PCR product
could be visualized by ethidium bromide staining in 2/3 SK
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Figure 2. (A4) Cytokine mRNAs produced by a
variety of cell types. TNFa, IL-18, IL-6, IL-8,
and GM-CSF were more abundant in BCC le-
sions than in SK lesions studied when visualized
by ethidium bromide staining. ( B) Quantifica-
tion of cytokine mRNAs in BCC and SK lesions
(mean+SEM). The cDNAs derived from le-
sions were normalized to the B-actin PCR
product. Electrophoresed PCR products for IL-
18, IL-6, IL-8, GM-CSF, and TNF-a were
probed with a radiolabeled oligonucleotide de-
rived from a sequence internal to the primer
sequences. BCC, basal cell carcinoma; SK, seb-
orrheic keratosis.

but 0/5 BCC. Similarly, IFN-y PCR product was detected in
3/3 SK. IFN-y PCR product was strongly evidentin 1/5 BCC,
although weakly expressed in two additional BCC. Lympho-
toxin mRNAs, also characteristic of Type 1 T cells, were
strongly expressed in 2/3 SK specimens but only 2/5 BCC
specimens.

Comparative analysis of the PCR products of 10 BCC le-
sions and 7 SK lesions after hybridization with radiolabeled
specific internal probes demonstrated that the mean relative
cpm for IL-2 and IFN-y PCR products were two- to fourfold
higher in SK specimens than BCC specimens (Fig. 3 B). These
differences were statistically significant as follows: for IL-2, P
= 0.02; for IFN-v, P < 0.05; and for lymphotoxin, P < 0.01.
The titration of plasmid cDNAs indicates that two- to fourfold
differences in relative cpm represent = 100-1,000-fold differ-
ences in sample cDNA.

In contrast, IL-4, IL-5, and IL-10 mRNAs, typical of “Type
2 (14) or T2 T cells, which favor humoral immunity but can
also result in immunosuppression of cell-mediated responses
(12, 14), appeared more prominent in BCC lesions than SK
lesions. Fig. 3 4 shows representative patterns from eight sam-
ples. IL-4 and IL-5 PCR products were prominent in 3/5 BCC
but not visible in the 3 SK. IL-10 PCR product was prominent
in 2/5 BCC specimens, with moderate PCR product in 3/5
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BCC specimens. In contrast, prominent IL-10 product could
not be detected in SK lesions, but only moderate PCR product
could be visualized from 1/3 SK specimens.

Quantification of PCR product for these cytokines in 10
BCC and 7 SK specimens is presented in Fig. 3 C. The mean
relative cpm for IL-4 and IL-10 PCR product was about two-
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Figure 3. (A) Cytokine mRNAs produced mainly
by T cells in BCC and SK lesions. The cDNAs
derived from lesions were normalized to CD36
and PCR performed. IL-2, IFN-y, and lympho-
toxin (LT') were abundant in SK lesions but only
weakly expressed in BCC lesions characteristic of
Type 1 cytokines of cell-mediated immunity. In
contrast, IL-4, IL-5, and IL-10 mRNAs appeared
much more prominent in BCC than SK charac-
teristic of Type 2 cytokines of humoral immunity
and suppression of cell-mediated immunity when
visualized by ethidium bromide staining. (B)
Quantification of Type 1 cytokine mRNAs in 10
BCC and 5 SK lesions (mean+SEM). (C) Quan-
tification of Type 2 cytokine mRNAs in 10 BCC
and 5 SK lesions (mean+SEM).

fold higher in BCC lesions than SK lesions. The abundance of
IL-4 in BCC relative to SK was statistically significant for IL-4
(P =0.02) and for IL-10 (P < 0.05). Representative southern
transfers of IL-4 and IL-10 PCR products are shown in Fig. 4.
The IL-4 PCR product was more strikingly evident in BCC
lesions than SK lesions. IL-10 PCR product was also increased,

| )
IL-4

IL-10
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Figure 4. Comparison of mRNA in BCC and SK le-
sions. Electrophoresed PCR products for IL-4 and IL-10
were probed with a radiolabeled oligonucleotide derived
from a sequence internal to the primers used for PCR.



but to a lesser extent, in BCC compared with SK. Titration of
plasmid containing IL-4 and IL-10 cDNA indicated that the
twofold differences in relative cpm represent ~ 100-1,000-
fold differences in sample cDNA. The IL-5 PCR product from
BCC lesions appeared to be greater than that from SK lesions,
but this difference did not achieve statistical significance.

Discussion

Of particular importance in understanding the immune re-
sponse to cancer is the specific pattern of cytokines produced
locally, since immunotherapy is often directed towards altering
these patterns. To investigate the cytokine response in small
tumor biopsy specimens, we have adapted the PCR technique
to determine the pattern of expression of 11 cytokines. This
was accomplished by comparing the immune response in a
malignant tumor of the epidermis, BCC, to that of a benign
growth of the epidermis, SK. In comparing the cytokines pro-
duced by T cells, we noted two strikingly distinct patterns. IL-4
and IL-10 were the dominant cytokine mRNAs noted in BCC
specimens whereas, in contrast, IL-2 and IFN-y were identified
as the predominant cytokines in SK.

The present data provides a framework in which to under-
stand the cytokine network involved in the local immune re-
sponse to tumors. As such, it is intriguing to compare these
findings with the cytokine patterns of immunoregulatory sub-
sets of murine CD4+ cells (15). In the mouse, CD4+ T cells
producing IFN-y and IL-2 are termed Ty cells and participate
in cell-mediated immune responses. In contrast, CD4+ T cells
producing IL-4, IL-5, and IL-10 compose Ty2 cells and are
involved in humoral responses. These functional subsets ap-
pear to regulate the immune response to infection in murine
models; Ty1 cytokines are associated with resistance to infec-
tion and T2 cytokines are associated with susceptibility to
infection (16-18). There is a cross-regulatory circuit in that
IFN-v inhibits proliferation of T2 cells and IL-4 together with
IL-10 downregulate Ty 1 responses. Similar subpopulations of
human T cells that secrete distinct cytokine patterns have been
identified (19-21) and have been similarly termed Type 1 and
Type 2. Type 1-like cytokine patterns appear to correlate with
host resistance in leprosy; Type 2-like cytokine patterns are
associated with susceptibility (12, 14). Type 2-like T cell re-
sponses have also been associated with allergy (22) and para-
sitic infection (23).

Our data suggests that the immune response to benign and
malignant growths is also regulated by distinct patterns of cyto-
kines produced locally. The local cytokine response to BCC
appears to be Type 2 like, but the response towards a benign
growth is Type 1 like. Of particular interest were IL-4 and IL-
10, which are prominent in BCC. The fact that mast cells are
prominent around BCC is indirect evidence that IL-4 and IL-
10 are produced locally, since these cytokines stimulate mast
cell growth (24). The most likely explanation for an increase in
both IL-4 and IL-10 in BCC lesions would be that a single cell
type is responsible for their production. To our knowledge the
only cell capable of producing both IL-4 and IL-10 in man is a
T cell. Murine mast cells are capable of producing both cyto-
kines (25), although this has not been shown for human mast
cells. It is possible that multiple cell types contribute to this
Type 2 cytokine response. IL-4 can be produced in man by
transformed B cells and mast cells (26). IL-10 can also be pro-

duced by human B cells and macrophages, as well as by murine
keratinocytes (27).

It is intriguing to speculate that the Type 2 cytokine re-
sponse induces immunosuppression at the tumor site and in
this way contributes to the pathogenesis of BCC. For example,
IL-4 has been shown to inhibit IL-2 activation of T cells by
affecting IL-2 production and IL-2 receptor expression (28)
and to oppose the effect of IFN-y (29). Additionally, IL-4 in-
hibits the production of TNF-a and IL-18 by macrophages and
has an antagonistic effect on IL-2-induced lymphocyte cytotox-
icity (30). The production of IL-4 by antigen-specific CD8+ T
suppressor cells may be mechanistically crucial in their ability
to downregulate immune responses (14). IL-10 has been
shown to downregulate cytokine production by CD4 T cells
(25, 31). It is intriguing that tumor-specific suppressor T cells
have been associated with tumor progression in murine models
(32). Bloom et al (21) suggests that these murine T cells sup-
press antitumor immunity via the release of Type 2 cytokines.
Similar suppression of the immune response in BCC may facili-
tate neoplastic growth.

Alternatively, the observed local cytokine patterns may
function to limit the spread and growth of these lesions. BCC is
a low grade malignancy, in that the tumor rarely metastases,
although it can be locally destructive. Study of experiment mod-
els suggests a role for Type 2 cytokines in limiting tumor
growth. Transfection of the IL-4 gene into tumors results in the
generation of a T cell response that resolves tumor foci, recruit-
ment of antigen-presenting cells, and enhancement of tumor
antigen presentation (3). The prominence of IL-4 in the le-
sions of BCC found in this study could be essential for increas-
ing cytolytic function (33, 34). However, on balance, the reso-
lution of BCC by intralesional treatment with Type 1 cyto-
kines, including IL-2, suggests that the predominance of Type
2 cytokines is a suboptimal response not sufficient to eliminate
the tumor. In addition, other cytokines are likely to be involved
in the immune response to cancer. For example, GM-CSF,
prominent in BCC, may promote antigen presentation, cause
maturation of Langerhans cells, and induce the growth of spe-
cific T cell populations (35). It is at this time unclear what the
net effect of multiple cytokines are on the outcome of the host
response to cancer.

Factors that influence the selective activation of Type 1 or
Type 2 responses to benign and malignant tumors are funda-
mental to our understanding of the immune response to
cancer. The nature of the antigen, antigen-presenting cells,
MHC haplotype, accessory molecules, and second signals have
been considered (36, 37). Of interest in this example are Lan-
gerhans cells of the epidermis, which can present antigen to
both Ty1 and T2 cells (38). However, ultraviolet (UV )-irra-
diated Langerhans cells preferentially activate CD4+ cells of
the Ty2 subset, but not Ty1 cells (38). It is tempting to specu-
late that one of the mechanisms by which UV light contributes
to the pathogenesis of skin cancer is by altering antigen-pre-
senting cells to selectively activate Type 2 cytokine-producing
cells in the local immune response. Further studies will be re-
quired to examine the spectrum of cutaneous tumors, malig-
nant, premalignant, and benign, to more fully define the role of
these and other cytokines. Finally, analysis of the clinical re-
sponse as well as the local cytokine changes induced by the
intralesional administration of cytokines will help elucidate
mechanisms of the immune response to cancer. The present
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approach provides a framework for choosing and monitoring
immunologic intervention in cancer.
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