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Abstract

Xeroderma pigmentosum (XP) is a rare autosomal recessive
disorder with sun sensitivity, markedly increased skin cancer
susceptibility, and defective DNArepair without consistently
identified symptoms of immune deficiency. Weexamined natu-
ral killer (NK) cell activity and interferon production in periph-
eral blood lymphocytes (PBL) of eight XP patients who had
multiple primary skin cancers. The XP patients had normal
numbers of T cells and NKcells, as well as normal lymphokine-
activated killer cell activity and normal tumor necrosis factor-a
production. Unstimulated NKcell function was 40% of normal
controls in five XP patients, but was normal in three other XP
patients. However, PBL from all the XPpatients tested showed
no enhancement of NKactivity by the interferon inducer, po-
lyinosinic acid:polycytidilic acid (polyIC) but enhancement by
interferon-a was normal, suggesting an impairment in inter-
feron production. Parallel studies in non-XP skin cancer pa-
tients revealed that both unstimulated and polyIC-enhanced
NKactivity were normal. Further investigation using PBL from
XP patients revealed that the production of interferon-vy after
stimulation with interferon inducers (polyIC, interleukin 2, or
K562 tumor cells) was 13-43% of normals. These data indicate
that XP lymphocytes have a defect in production of interferons
and suggest that defective interferon production, as well as
DNArepair defects, may play an important role in the suscepti-
bility of XP patients to skin cancer. (J. Clin. Invest. 1993.
92:1135-1142.) Key words: cutaneous neoplasms * cytokine de-
fect * interferon inducer * natural immunity,* tumor surveillance

Introduction

A normal immune system is thought to be critical in the host's
surveillance against the development of neoplasia. Natural
killer (NK)' cells may provide an important effector mecha-
nism in this network, and there is abundant experimental evi-

1. Abbreviations used in this paper: LAK, lymphokine-activated killer;
LU, lytic units; NK, natural killer; polyIC, polyinosinic acid:polycyti-
dilic acid; XP, xeroderma pigmentosum.
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dence that these cells can prevent the growth and metastasis of
transplanted tumors in animal model systems ( 1-1 1 ). Clinical
observations concerning depressed NK cell function in pa-
tients with advanced malignancies are consistent with the con-
cept that such cells may play an important role in immune
surveillance ( 12, 13). However, the role of NK cells in the
prevention of cancer development has not been established.

Xeroderma pigmentosum (XP) is a rare autosomal reces-
sive disorder characterized by sun sensitivity, increased freck-
ling, and a > 1,000-fold increased frequency of skin cancers
(14-17). Studies of patients' cells have revealed DNArepair
defects which are associated with reduced cell survival and in-
creased cell mutations after exposure to ultraviolet radiation
(14-17).

In addition to the DNArepair defects found in all XP pa-
tients, there have been a variety of cellular immune abnormali-
ties noted in isolated XP patients: decreased delayed-type hy-
persensitivity reactions (impaired responses to intradermal
recall antigens and decreased dinitrochlorobenzene sensitiza-
tion), decreased T-cell proliferative responses to mitogens, de-
creased CD4/CD8 ratio, and one report each of severe com-
bined immunodeficiency and systemic lupus erythematosus
( 15, 18-25). Norris et al. (26, 27) reported decreased NKcell
activity in five patients with XP, when compared to normal
controls, and in patients with trichothiodystrophy or Cockayne
syndrome. These investigators postulated that the decreased
NKcell function in patients with XP results in defective host
immune surveillance that is permissive for the development of
skin cancers.

In this study, we report that XPpatients are heterogeneous
in their expression of NKcell function. In contrast to the pre-
vious reports of Norris et al. (26, 27), our studies show no
correlation between NK activity and skin cancer. However,
NKcell activity from all XP patients tested failed to show en-
hancement by polyinosinic acid:polycytidilic acid (polyIC)
and XP PBL had a marked impairment in interferon produc-
tion after stimulation with IFN inducers. Similar assays in non-
XPpatients with multiple skin cancers were normal, indicating
that the defects noted in XP PBL were not secondary to the
presence of multiple skin cancers.

Methods

Patients. Eight patients with XP were studied (Table I). All of these
patients had extensive actinic damage and multiple skin cancers result-
ing from exposure to naturally occurring ultraviolet radiation. Clinical
features and/or DNArepair studies of these patients have been pub-
lished ( 14, 28). Patients 1, 5, and 6 had XP-associated neurological
abnormalities including deafness and mental retardation ( 14-16, 28).
Except for the clinical abnormalities of XP, the patients were healthy
with no evidence of metastatic disease. Five of the patients (patient
numbers 1, 2, 3, 5, and 7) received oral isotretinoin 0.5-1.0 mg/kg per
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Table I. Characteristics of Xeroderma Pigmentosum Patients Studied

Absolute lymphocyte counts

Patient* Aget/Sex Skin cancersi T cellsil NKcells' B cells**

yr /mm-

25/F 50 2005 370 220
2 18/F 81 (1)* 1203 70 245
3 24/M 50 (1) 678 92 358
4 45/M 33 1825 105 NT""
5 16/M 46 1209 59 272
6" 10/F 22 1198 134 148
7 22/M 170 (3) 2726 163 NT
8*** 45/F > 200 (20) 2067 157 246

Normal range
(mean±SD) 1484±499 263±204 245± 153

* Identification numbers 1-7 as in reference 28. $ Age as of January 1991. § Number of histologically confirmed basal cell carcinomas or
squamous cell carcinomas as of January 1991. 11 Number of CD3-positive cells/mm3. ' Number of CD16-positive cells/mm3. ** Number of
CD20-positive cells/mm3. $$ XPl2Be (complementation group A) from reference 14. 0 Number of histologically confirmed primary cutaneous
melanomas. 11Not tested. "Complementation group C (Kraemer et al., unpublished observation). *** XP1BE(complementation group C)
from reference 14.

d during a portion of the study period for cancer chemoprevention
(28). Normal controls were healthy laboratory personnel.

Five non-XP skin cancer control patients were also studied (Table
II). These non-XP skin cancer control patients had no known DNA
repair defect, and were selected on the basis of having had at least five
histologically proven skin cancers (basal cell or squamous cell carci-
nomas). These patients had moderate to severe actinic damage (freck-
ling, skin wrinkling, actinic keratosis), adult onset skin cancer, and no
history of abnormal photosensitivity. All five skin cancer control pa-
tients had skin type I, with a history of easy sunburning and a lack of
tanning in response to naturally occurring sun exposure.

Lymphocyte phenotype analysis. The numbers of T cells, NKcells,
and B cells from XP patients were measured by flow cytofluorometric
analysis utilizing conjugated (fluorescein or phycoerythrin) mAbs or
unconjugated mAbs followed by fluoresceinated goat anti-mouse IgG.
The mAbs were directed against T cell antigens (CD4, CD8, T cell
receptors (a/# or y/b), CD3, CD2, CD25), NK antigens (CD56,
CD57, CDl6), B cell antigens (CD20, CDl9), and activation antigens
(HLA-DR) (All mAbswere purchased from Becton-Dickinson & Co.,
Mountain View, CA).

Assay of constitutive NKcell activity. NKcell activity was evaluated
using "Cr release after a 4-h incubation of the effector and labeled
target cells (29). Briefly, PBL were separated from whole blood using
lymphoprep gradients (Nycomed, Oslo, Norway). PBL isolated at the

Table II. Characteristics of Non-XP Skin Cancer Patients Studied

Patient Age/Sex* Skin cancerst

yr

1 46/M 5
2 52/M 8
3 56/M 6
4 72/M 10
5 64/M 6

* Age as of May 1992. * Cumulative frequency of skin cancers as of
May 1992 (basal and squamous cell carcinomas).

interface were washed extensively with HBSScontaining I% FCSand
utilized as effector cells. The NK-sensitive tumor cell lines, K562 and
MOLT4(American Type Culture Collection, Rockville, MD) were
labeled with 5'Cr using standard methods (29). Variable numbers of
effector cells were added to 1 X I05 target cells suspended in 200 ml of
complete medium (RPMI 1640 supplemented with 10% FCS, 100 U/
ml penicillin, 100 Ag/ml streptomycin, 0.25 ,g/ml fungizone, l ug/ml
glutamine) with 1 g/ml indomethacin and incubated for 4 h at 37°C
in a 5%CO2atmosphere. In these experiments the effector to target cell
(E/T) ratios ranged from 4: 1 to 64: 1. At the end of the incubation,
cell-free supernatants were harvested and 31Cr release was assayed uti-
lizing gammacounting. The results are expressed as the percent of lysis
based on a 100% target cell lysis value obtained after detergent addition
to the target cells. Indomethacin was included in the culture medium to
suppress endogenous or polyIC-induced prostaglandin production (30).

Lymphokine-activated killer (LAK) cell assay. PBL were cultured
at 5 X 106 cells/ml in complete medium in the presence of 100 U/ml
recombinant interleukin 2 (rIL-2) (Amgen Inc., Thousand Oaks, CA)
for 48 h at 37°C in a 5%CO2atmosphere. These cells were then washed
extensively and utilized as LAK effector cells (31) . Several E/T ratios
were used in a 4-h incubation with "1Cr-labeled (NK cell resistant)
Burkitt's lymphoma Daudi cells (American Type Culture Collection),
and t1Cr release was measured as noted in the previous section.

Calculation of lytic units (LU). The data generated from the 51Cr
release assays for spontaneous NKand LAK cell activity were plotted
using logarithmic scales for both the ordinate and the abscissa. Each
data set was represented by a regression line connecting those data
points lying in the linear portion of the curve. The number of effector
cells required to lyse 30%of the target cells (LU30) was calculated from
these regression lines (1). The number of LU30/ 106 cells was calcu-
lated by dividing 106 by LU30. For statistical analysis of LU, we com-
pared the mean, aggregate LU of calculated from each individual pa-
tient's cytotoxicity assay with K562, MOLT4, or Daudi cell targets.
The mean aggregate LU from XP patients or skin cancer controls was
compared to normal controls using the methods described in refer-
ence 32.

Assay for the enhancement of NKcell activity. Isolated PBL were
incubated with pharmacologic agents (either IFN-a or polyIC) (Cal-
biochem Corp., San Diego, CA) or medium alone (control) for 2 h at
37°C in a 5% CO2atmosphere and washed three times. The preincu-
bated cells were then mixed with 51Cr-labeled K562 cell targets for 4 h.
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Percent enhancement of NKactivity was determined by the following
formula: [(NK activity of leukocytes incubated with pharmacologic
agents) - (NK activity of leukocytes incubated with medium alone)]/
(NK activity of leukocytes incubated with medium alone) x 100%.
The assay for the enhancement of NKactivity was performed at an 8:1
E/T ratio.

TNF-a immunoassay. A commercially available assay for TNF-a
(Biokine Test Kit, T Cell Sciences, Cambridge, MA) was utilized to
detect immunoreactive TNF-a in culture supernatants. This ELISA
detects TNF-a in supernatants having activities ranging from 10 to
1,500 pg/mL.

TNF-a bioassay. Adherent WEHI 164 mouse fibrosarcoma cells
(American Type Culture Collection) treated with 100 mg/ml actino-
mycin D (Dactinomycin, Merck Sharp &Dohme, West Point, PA) for
3 h at 370C were used as the target cells for the TNF-a bioassay (32).
These cells were then washed three times with HBSS, suspended with
0.25% trypsin/EDTA, and washed three times again, and 106 cells
were labeled with 5"Cr for 1 h at 370C. After additional washing, the
5"Cr-labeled cells (104 per well of a microtiter plate) were then incu-
bated with recombinant TNF-a containing supernatants to establish a
dose-response curve. In parallel, the treated WEHI 164 cells were incu-
bated with serially diluted unknown supernatants. After a 6-h incuba-
tion with the standards or unknown supernatants, 5"Cr release was
assayed. One unit of lytic activity is that dose of TNF-a that induces
50% maximal lysis of WEHI 164.

IFN-,y activity bioassay. Assessment of IFN-y production used pe-
ripheral blood lymphocytes after exposure to the IFN inducer polyIC
for 2 h, or continuous exposure to IL-2 or K562 cells for 26 h. Culture
supernatants after these stimuli were assayed for the presence of IFN-y
utilizing a bioassay (inhibition of viral cytopathic effect induced by
vesicular stomatitis virus) performed by M.A. Biofluids (Rockville,
MD). Briefly, confluent WISH cells (human amnion-derived cells,
American Type Culture Collection) were cultured for 24 h in a 96-well
microtiter plate in the presence of serially diluted supernatants being
assayed (unknown). Other WISHcells were cultured in parallel in the
presence of different doses of recombinant human IFN-y. After this
incubation, the cells were washed and medium containing 300 ID5 of
vesicular stomatitis virus were added to each well. The infected cells
were then cultured for another 24 h (until the virus controls showed 4+
cytopathic effect), and the wells containing the unknowns or IFN-y
standards were assessed microscopically for viral cytopathic effect. The
reciprocal of the highest dilution of the unknown that produces 50%or
greater inhibition of the cytopathic effect is considered to be the end
point (34).

IFN-,y immunoreactivity. An ELISA specific for IFN-y (Amgen
Biologicals) was utilized to determine the amount of immunoreactive
IFN-y in the culture supernatants. This ELISA detects IFN-'y in super-
natants with activities ranging from 5 to 100 U/ml.

IFN-a bioassay. For the IFN-a bioassay, cultured PBL were ex-
posed to the IFN inducer polyIC for 2 h and then washed and cultured
for an additional 24 h. The culture supernatants were assayed for the
presence of IFN-a by assaying for inhibition of viral cytopathic effect
induced by vesicular stomatitis virus (M.A. Biofluids). Briefly, con-
fluent bovine keratinocytes (American Type Culture Collection) in a
96-well microtiter plate were cultured for 24 h in the presence of seri-
ally diluted supernatants being assayed (unknown). Other bovine ker-
atinocytes were cultured in parallel in the presence of known doses of
recombinant human IFN-a. After this incubation, the cells were
washed and medium containing 300 IDm of vesicular stomatitis virus
was added to each well. The infected cells were then cultured for an-
other 24 h at which time the virus controls showed 4+ cytopathic effect
and then the other wells containing the unknowns or IFN-a standards
were assessed microscopically for viral cytopathic effect. The reciprocal
of the highest dilution of the unknown that produces 50% or greater
inhibition of the cytopathic effect is considered to be the end point (34).

Statistical analysis of data. The data was analyzed for significant
differences utilizing Students' t test (32); probability values < 0.05
were considered significant.
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Figure 1. Heterogeneity of endogenous NK cell activity of peripheral
blood lymphocytes from XPpatients and normal NKcell activity in
skin cancer controls. (A) Mean NKactivity of three XP patients (pa-
tients 3, 4, and 7) was the same as five normal controls. (B) Mean
NKactivity of five XP patients (patients 1, 2, 5, 6, and 8) was de-
creased in comparison to six normal controls. (o) Control effector
cells, MOLT4targets; (.) XP effector cells, MOLT4targets; (A )
control effector cells, K562 targets; (A ) XP effector cells, K562 tar-
gets. (C) Mean NKactivity of five non-XP skin cancer patients was
the same as normal controls on K562 or MOLT4targets. (o) control
effector cells, MOLT4target; (. ) non-XP skin cancer effector cells,
MOLT4targets; (tA) control effector cells, K562 targets; (A) non-XP
skin cancer effector cells, K562 targets.

Results

XP patients have normal numbers of lymphocytes. Table I
shows the XPpatient characteristics and flow cytofluorometric
measurements from PBL. The number of T cells, NKcells, and
B cells in the peripheral blood of the XPpatients were all within
the normal range.

XPpatients are heterogeneous in their expression ofconsti-
tutive NK cell activity. Constitutive NK cell activity was as-
sayed on two NK sensitive targets (K562 and MOLT4cells)
utilizing a standard 5"Cr release assay (Fig. 1). Three XP pa-
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tients (patient numbers 3, 4, and 7) had baseline NKactivity
equivalent to that of normal controls (Fig. 1 A) (For MOLT4
target cells, mean LUxp = 11.00±1.32, mean LUc0n
= 12.50+1.04, P = 0.10, not significant; for K562 target cells,
mean LUxp = 6.00±1.00, mean LUCon = 6.00±1.35, P = 0.21,
not significant). The baseline NKactivity of the remaining five
patients (patient numbers 1, 2, 5, 6, and 8) was depressed to
40%of normal (Fig. 1 B) (For MOLT4target cells, mean LUxp
= 0.80±0.25, mean LUCn = 2.00±0.58, P = 0.05; for K562
target cells mean LUxp = 1.00±0.49 mean LUc..
= 23.20±10.30, P = 0.06). This decreased NK activity was
noted with either MOLT4or K562 targets at all E/T ratios
assayed, and was reproducible in three separate assays per-
formed on different occasions.

Non-XP skin cancer controls express normal constitutive
NKcell activity. To determine whether the observed heteroge-
neity in constitutive NK cell activity was specific for XP, we
assayed NKactivity in five normal patients with multiple skin
cancers. Although there was a slightly increased lysis of K562
by PBL from skin cancer controls, this was not statistically
significant when compared to normal controls. Aggregate, un-
stimulated NKactivity was normal when compared to normal
controls with K562 and MOLT4target cells (Fig. 1 C) (For
MOLT4target cells, mean LUCA = 1.00±0.1 1, mean LUC0n
= 1.00±0.33, P = 0.20; for K562 target cells, mean LUCA
= 2.60±1.07, mean LUCn = 1.70±0.44, P = 0.20).

XPpatients have normal LAK cell activity. Wenext evalu-
ated the generation of LAK cells with PBL from patients with
XP. LAK cell activity of lymphocytes from all six XPpatients
tested (patient numbers 1, 4, 5, 6, and 8) was normal, regard-
less of whether their constitutive NK activity was normal or
decreased (Fig. 2) (For Daudi cell targets, mean LUxp
= 15.00±6.44, mean LUC = 21.00±4.00, P = 0.20.)

TNF-a production by XP lymphocytes is normal. To deter-
mine whether there were abnormalities in the production of
other cytokines that may play a role in the host's antitumor
defenses, we assayed TNF-a production in response to rIL-2.
Lymphocytes from controls or XP patients were incubated for
24 h in medium alone or medium containing rIL-2 1,000 U/
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Figure 2. Normal LAK cell activity of peripheral blood lymphocytes
from XP patients. Peripheral blood lymphocytes from six XPpatients
(patients 1, 4, 5, 6, and 8) or six normal controls were cultured with
IL-2 (100 U/ml) for 48 h and then utilized as effector cells to lyse
the NK-resistant 5'Cr-labeled target Daudi cells. (o) Control LAK
cells; (.) XPLAK cells.
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Figure 3. TNF-a production of PBL from XP patients is normal.
Lymphocytes from four controls or six XP patients (patients 1, 4, 6,
7, and 8) were cultured for 24 h in the presence of medium alone
(see Methods) or medium that contained rIL-2 1,000 U/ml. At the
end of the incubation period, supernatants were collected and assayed
for TNF-a by ELISA (see Methods). (m) Control PBL; (a) XP PBL.

ml, the supernatants were then collected and evaluated for
TNF-a by immunoassay (Fig. 3). In response to IL-2, PBL
from XPpatients produced normal amounts of TNF-a (mean
[TNF-a]/ 106 cells from patients 1, 4, 6, 7, and 8 was equiva-
lent to normal controls, P = 0.15). Evaluation of TNF-a pro-
duction by bioassay revealed similar response patterns of PBL
from XP and controls (data not shown).

Impaired enhancement of NKcell activityfrom XPpatients
in response to polyIC. Wemodified the NKcell assay as previ-
ously described to determine whether there were abnormalities
in the capacity of pharmacologic agents to enhance the lytic
activity of NKcells from XP patients (35, 36). Wetested for
pharmacologic enhancement of cytotoxicity after a 2-h prein-
cubation with polyIC using the cells from two XPpatients with
normal constitutive activity (patients 4 and 7), three XP pa-
tients with decreased constitutive activity (patients 1, 5, and
8), and four normal controls (Fig. 4 A).

After this pretreatment, control NK cells increased their
cytotoxic activity substantially (Fig. 4 A). In contrast, NKcells
from all five XP patients showed a profound impairment in
their response to polyIC at all doses assayed ( 1,000 ,ug/ml, P
= 0.01; 100 ,ug/ml, P = 0.04; 10 ug/ml, P = 0.02). There were
no significant differences in response to polyIC in PBL from
XP patients with normal constitutive NKactivity (patients 4
and 7) when compared to the XPpatients with decreased con-
stitutive NKactivity (patients 1, 5, and 8); both groups demon-
strated a similarly profound defect in their enhancement of NK
activity by polyIC.

To determine whether the impaired NK activation re-
sponse to polyIC was specific for XP, we also assayed PBL from
three different skin cancer control patients for the enhance-
ment of NK activity in response to pharmacologic agents.
There was a dose dependent increase in NK activity in PBL
from non-XP skin cancer control patients that was equivalent
to that of normal controls (Fig. 4 B).

Enhancement of NKcell activity by IFN. XP and control
PBL were also treated with the NKenhancer, IFN-a (Fig. 5).
Assay of the response by peripheral blood lymphocytes from
five XP patients revealed a decreased augmentation of NKac-
tivity when compared to normal three controls, but this differ-
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Figure 5. Enhancement of NK activity by IFN-a is normal in XP
lymphocytes. After a 2-h pulse incubation with different doses of
IFN-a or medium alone, lymphocytes from five XP patients and
three normal controls were washed extensively and utilized as effector
cells to lyse 5"Cr-labeled K562 cells. Percent increase in mean NK
activity for five XP patients (patients 1, 4, 5, 7, and 8) and three
controls is shown (see Methods for formula used). (m) Control effec-
tor cells; (m) XP effector cells.
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Figure 4. PolyIC enhancement of NKactivity of PBL from XP, non-

XP skin cancer patients, and normal controls. After a 2-h pulse incu-
bation with different doses of polyIC or medium alone, lymphocytes
from five XP patients or three non-XP skin cancer controls and three
normal controls were washed extensively and utilized as effector cells
to lyse 5"Cr-labeled K562 cells. Percent increase in mean NKactivity
for five XP patients (patients 1, 4, 5, 7, and 8) and six controls is
shown (see Methods for formula used). Enhancement of NKby po-

lyIC in A (a) control or (X) XP effector cells; and in B (in) control
or (in) non-XP skin cancer patients.

ence was not statistically significant. Of the three XP patients
with decreased constitutive NKactivity (patients 1, 5, and 8),
the IFN-a treatment boosted NKactivity to a level of that of
normal controls (patient 8); in the other two (patients 1 and
5), IFN-a treatment did not completely normalize NKactivity
when compared to controls (patient 1, 0%of control; patient 5,
50% of control).

Impaired IFNproduction byXPlymphocytes. The enhance-
ment of NK activity by polyIC is thought to be mediated by
stimulation of IFN production, which then acts on NKcells in
an autocrine manner. Since lymphocytes from XP patients
failed to respond to polyIC, we assayed interferon production
by XP lymphocytes in response to polyIC. Lymphocytes from
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Figure 6. Defective IFN--y and IFN-a production in response to po-

lyIC in peripheral blood lymphocytes from an XP patient. Lympho-
cytes from XP patient 8 and a normal control were incubated with
different doses of polyIC for 2 h, washed, and then cultured. After 48
h, supernatants were collected and assayed for IFN-'y and IFN-a ac-

tivity by bioassay as described in Methods. (A) IFN-,y activity. Rep-
resentative data from an experiment that was performed three times
are shown. (B) IFN-a activity. (m) Control cells; (-) XP cells.
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Table III. IFN-,y Secretion into Supernatants by Xeroderma Pigmentosum Lymphocytes after Treatment
with IFN Inducers: IFN-,y Production by Control and XPPBL*

A. Bioassayt

K562 IL-2

B. ELISAu

polyIC K562 IL-2

(Pt. no.) XP Con Ratio (Pt. no.) XP Con Ratio (Pt. no.) XP Con Ratio (Pt. no.) XP Con Ratio (Pt. no.) XP Con Ratio

(4) 125 398 31 (4) 50 80 63 (4) 199 398 50 (4) 125 398 31 (4) 350 470 74
(8) 16 100 16 (8) 80 501 16 (8) 5 25 20 (8) 25 80 31 (8) 90 290 31
(5) 0 398 0 (6) 251 398 63 (5) 25 80 31 (2) 16 100 16 (2) 35 170 20
(7) 2 8 25 (7) 80 251 32 (1) 0 398 0 (1) 460 750 61
(2) 0 200 0 (2) 40 200 20 (5) 2 8 25

(1) 251 398 63

14±61" 43±911 34±7' 21±5' 46±1 1**

* Lymphocytes from XP and normal individuals were cultured with medium alone or with the interferon inducers, K562 cells, IL-2 (1,000 U/
ml), or polyIC (100 ,g/ml), and then incubated for 24 h. Supernatants were collected and IFN-y was assayed (see Methods for details). The
IFN levels in the XP and the normal cultures incubated with medium alone were below the level of detection of the assay. * The data are rep-
resented as "raw data" from individual experiments in which induced IFN--y production of XPand control PBL were studied. Since there was
variability in IFN--y production in different assays, the data from XP PBL are paired with the normal control PBL from each individual assay
(assays on each patient were performed on separate occasions). The data are then summarized as a ratio, which equals (IFNxp/IFNco.) x 100.
The ratios of individual experiments are then summarized as a geometric mean±standard error of the mean. These data were analyzed for
statistical significance as described in Methods. § Note that IFN-,y production induced by polyIC was not assayed by ELISA. 11 P < 0.0001 XP
vs. normal. ' P < 0.001 XP vs. normal. ** P < 0.01 XP vs. normal.

XP patient number 8 produced significantly less IFN-y and
IFN-a in response to polyIC (10-1,000 ,ug/ml) than did con-
trol lymphocytes (Fig. 6). Assay of IFN-,y production in re-
sponse to a single dose ( 100 ,ug) pIC by two other patients
(patients 4 and 5) also revealed decreased interferon produc-
tion (Table III). Wealso assayed culture supernatants from
lymphocytes from seven XP patients (patients 1, 2, 4, 5, 6, 7,
and 8) after exposure to three IFN inducers: K562 tumor cells,
IL-2 and polyIC (Table III). There was no difference in the
baseline, unstimulated IFN-y levels between the XP and nor-
mal lymphocytes. However, after exposure to three different
stimuli, lymphocytes from all XPpatients produced less IFN-'y
by bioassay than control lymphocytes (13-43% of normal).
This same pattern of decreased IFN-i production was noted in
the ELISA assay for IFN-'y released into the supernatant by
these cells (24-46% of normal).

Kinetic analysis of IFN production in response to polyIC
by peripheral blood lymphocytes from two XP patients (pa-
tients 5 and 8) revealed decreased or absent IFN-'y production
at all time points assayed (8, 16, and 24 h) (data not shown).
Production of IFN-'y in response to polyIC by PBL from three
non-XP skin cancer control patients was equal to that of nor-
mal controls (data not shown).

Discussion

In this study, we identified heterogeneity of XPpatients in their
expression of constitutive NKcell function. Five of eight XP
patients expressed consistently depressed NK cell function,
whereas the remaining three patients expressed consistently
normal NK cell function. There were no obvious differences
with regard to age, clinical features, or numbers of skin cancers
between the two groups. Norris et al. (26, 27) reported reduced
NKcell activity in five XP patients. None of the XP patients

they studied had skin cancer whereas all of the patients we
studied had skin cancer. A subsequent report by this group
described a XP patient with multiple skin cancers who had
normal NKcell activity (37). Our finding of heterogeneity of
NKcell activity among XP patients with multiple neoplasms
indicates that the level of constitutive NKcell activity does not
correlate with presence of skin cancer development.

In contrast to XP patients, NKcell activity from all non-
XP skin cancer patients studied was equivalent to that of nor-
mal controls. This is consistent with previous reports that en-
dogenous NKactivity is normal in patients with skin cancers
(38). This also suggests that the depressed NKactivity in XP
patients is not a direct result of multiple skin cancers.

Weutilized an inducer of endogenous IFN, polyIC, to de-
termine whether NK cells from XP patients would respond
with enhanced NKactivity (30, 39, 40). PolyIC enhancement
of NKactivity is thought to be mediated by production of IFN
since in vivo and in vitro NKactivity correlates well with IFN
levels (1). Wefound an almost complete failure of polyIC to
enhance NK cell activity with PBL from XP patients. This
suggested the possibility that impaired IFN production may be
responsible for this NK cell defect. Studies of supernatants
from XP lymphocytes in response to IFN stimulators demon-
strated that defective production of IFN-"y and IFN-a was pres-
ent and may be responsible for the failure of NKenhancement
observed in all five XP patients tested. In contrast, PBL from
non-XP skin cancer controls responded normally to polyIC by
enhancing their NKactivity and producing IFN at levels simi-
lar to that of normal controls.

LAK cell activity and TNF-a production of peripheral
blood lymphocytes from XP patients was normal after IL-2
stimulation. Since the XP lymphocytes had a decreased IFN-y
response, these findings are consistent with previous observa-
tions that the generation of LAK cells is independent of IFN-T
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(41 ). Norris et al. (27) also found normal LAK activity in two
XP patients. These observations also suggest that the impaired
production of IFN by PBL from XP patients may be a specific
defect.

Previous in vitro studies of the effects of retinoids on NK
cell activity and IFN production suggest that retinoids inhibit
these functions (42-46). Although some of our XP patients
(patients 1, 2, 3, 5, and 7) were being treated with isotretinoin
at the time we assayed their NKcell activity, it is unlikely that
our ex vivo study of lymphocytes from XP patients simply
reflect the effects of retinoids on NKcell function. First, two of
our XP patients (patients 3 and 7) had consistently normal
baseline NKcell activity while receiving oral isotretinoin ther-
apy (0.5 mg/kg per d). Second, we assayed NKactivity of XP
patient number 4 before and after initiating isotretinoin ther-
apy (0.5 mg/kg per d), and did not observe any change in NK
cell function (data not shown). Third, two XP patients (pa-
tients 6 and 8) who had decreased NKactivity did not receive
isotretinoin at any time during the study. In addition, lympho-
cytes from patient 8 also had absent polyIC augmentation of
NK activity and blunted interferon production. An explana-
tion for the discrepancies between our results and that of pre-
vious studies investigating the effects of retinoids on NKactiv-
ity may be due to the continuous presence of retinoids in the
culture medium in previous studies while we did not add reti-
noids to our cultures.

NK cell activity has been reported to be normal to in-
creased in patients with skin cancer (38). Assays of NK cell
activation as described in our study have not been utilized to
examine this aspect of NKcell biology in these disorders. Our
studies of unstimulated and induced NK activity in non-XP
skin cancer patients suggests that the presence of extensive ac-
tinic damage and skin cancer is not the cause of impaired NK
function in patients with XP. These data suggest that factors
specific to XP, perhaps defective DNArepair, may be responsi-
ble for their abnormal NKfunction.

The therapy of patients with XPhas focused on their DNA
repair defects. Such patients are counseled extensively in
avoiding ultraviolet radiation. Indeed, actinic damage and skin
cancers develop on exposed skin. Such cutaneous malignancies
are generally managed utilizing surgical treatments. Retinoid
therapy has recently been demonstrated to be an effective che-
mopreventive agent against the development of new skin
cancers in XPpatients (28). However, the chronic administra-
tion of retinoid therapy may be associated with unacceptable
toxic reactions (47). The immune deficiency of the XP pa-
tients we studied did not appear to be altered by treatment with
oral isotretinoin. IFNs are being used experimentally for ther-
apy of advanced melanoma (48) and other skin cancers (49).
One of the characteristics of cells that mediate NKactivity is
the enhancement of cytotoxic activity by certain exogenous
cytokines including IL-2 and IFNs (31, 35). Wefound that the
ability of NKcells from XP patients to respond to IFN-a was
not significantly different when compared to normal controls.
Thus, if the decreased interferon production in XP is relevant
to the susceptibility of these patients to develop skin cancer,
then the administration of IFN may be of benefit in preventing
or treating skin cancers. In support of this hypothesis, intrale-
sional injection of IFN-a was found to produce clinical and
histological disappearance of multiple cutaneous in situ mela-
nomas in XP patient 8 (unpublished observation).

In summary, our data indicate that XP patients have nor-

mal numbers of circulating NKcells, normal LAK cell activity,
normal TNF-a production, and normal ability of NKcells to
respond to exogenous interferon stimulation. The constitutive
NK activity was reduced in five XP patients but normal in
three others. However, in all XP patients studied there was a
profound inability to increase NKactivity by addition of the
IFN inducer polyIC. The finding that XP PBL increased NK
activity normally in response to exogenous interferon sug-
gested an abnormality in interferon production. Wefound that
IFN-a and IFN-y production by XPPBL was only 13-43% of
normal. Thus, lymphocytes from XPpatients appear to have a
defect in IFN production after activation as well as a variable
defect in the function of NKcells. The combination of specific
defects in immune function and a cellular DNArepair defect
(which results in a high frequency of UV-induced mutations in
skin cells), may render these individuals extraordinally suscep-
tible to the development of skin cancers. It is noteworthy that
another cancer-prone, hereditary disease that involves abnor-
malities in processing DNAdamage, Fanconi's anemia, also
has abnormalities in lymphokine pathways (50). These find-
ings and the data reported herein suggest that there may be a
fundamental connection between the regulation of lympho-
kine expression and DNArepair genes.
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