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T he skin is the most accessible organ of the

body and is the site of many endogenous

inflammatory reactions as well as those that

are induced by exogenous agents. Both allergic con-

tact dermatitis (ACD) and irritant contact dermatitis

(ICD) can cause blistering and erythema in the skin.

Clinically, these reactions are usually indistinguish-

able.1,2 This can make determining the exact origin

of a dermatitis difficult.

The outermost layer of the integument, the

epidermis, consists of several cell types. The most

prevalent cell is the keratinocyte in various stages of

differentiation. This cell is a veritable factory of

cytokines including interleukin-1 (IL-1), IL-3, IL-4,

IL-6, IL-7, IL-8, IL-10, IL-12, and granulocyte-

macrophage/colony-stimulating factor (GM-CSF).3

Interferon gamma (IFN-γ) can induce HLA-DR anti-

gen expression by the keratinocyte, and in contact

dermatitis the keratinocyte may express this anti-

gen.4,5 In an allergic reaction, the keratinocytes

rapidly synthesize the mRNA for IFN-γ.6 Further-

more, in these cells, IFN-γ can induce the mRNA for

the inducible isoform of nitric oxide synthase

(iNOS), which in turn can produce nitric oxide, a

potent vasodilator.7,8 Above the basal cell layer

resides the Langerhans cell, an immune competent

cell of bone marrow origin.9 The Langerhans cells

have features of macrophages as well as T cells and

are thought to be responsible for initiating the series

of events that lead to immune reactions in the skin

such as those manifested by contact dermatitis.10

The ribonuclease protection assay (RPA) can iden-

tify and quantitate small amounts of mRNA.11 The

mRNA levels in a cell in most cases reflect the levels

of the corresponding proteins. Thus a measurement

of mRNA should provide an objective monitor of

events such as inflammatory reactions occurring in

the skin. To differentiate and quantitate ACD and

ICD reactions using a relatively noninvasive tech-

nique, the following experiments were performed.

MATERIALS AND METHODS
Induction of erythematous reactions on the
skin

The ICD was induced by applying 0.5% sodium lauryl

sulfate (SLS, Fisher Scientific, San Diego, Calif) in distilled
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immune-mediated reaction. The scoring of the erythema

as well as tape stripping was performed 48 hours later.

Tape stripping
We removed skin cells, using D-SQUAME tape

(CuDerm, Dallas, Tex) to strip the skin’s cell layers.13 The

skin was stripped with the tape up to 23 times. The tape

was placed in an RNase-free Eppendorf tube containing 0.5

mL of a commercially available RNA extraction mixture, Tri

Reagent (see Reagents). The RNA was extracted by vortex-

ing and centrifuging the tape in the Eppendorf tube (see

RNase protection assay). RNA from tapes used at the same

skin site was extracted with and pooled in 0.5 mL Tri

Reagent. For the later experiment, the first 3 strips of tape

were discarded after stripping to expose the inner layers of

skin for more effective RNA extraction. Only the next 20

tape strips were processed for the RPA analysis. This entire

procedure was performed in less than 90 minutes.

Reagents
Tri Reagent for total cellular RNA isolation was pur-

chased from Molecular Research Center, Inc (Cincinnati,

Ohio); RiboQuant multi-probe RNase protection assay sys-

tem and hCK1 probe sets were purchased from

PharMingen, Inc (San Diego).

RNase protection assay
After each tape stripping, RNA was immediately extract-

ed by vigorously vortexing the tape in 0.5 mL Tri Reagent.

Yeast transfer RNA (4 µg) was then added as carrier RNA

before the total RNA was isolated and purified according to

the manufacturer’s instruction. The total RNA so isolated

from each sample was used directly for the RNase protec-

tion assay by means of the RiboQuant multi-probe RNase

protection assay system without prior determination of

the amount of RNA by OD measurement. Assays were per-

formed according to the manufacturer’s protocol.

Undigested probes were run parallel with samples on stan-

dard acrylamide sequencing gels and used to identify

digested cytokine messages. Gels containing digested RNA

bands were first exposed to a Phosphor Screen (Molecular

Dynamics, Inc, Sunnyvale, Calif). The exposed screen was

then scanned with a phosphor imager Storm 860

(Molecular Dynamics, Inc). Intensities of bands in each

sample were analyzed with the software ImageQuant

(Molecular Dynamics, Inc).

RESULTS
Cytokines identified by RPA

We initially used 4 RNA probes (IL-4, IL-8, L32,

GAPDH) for hybridization to RNA samples obtained

from 1 individual. Fig 1 shows the cytokines identi-

fied by RPA analysis of the cells obtained by tape

stripping (12 times) skin sites on the upper arms of

this individual (the same individual as subject 2 in

Fig 2). Demonstrated in lane 1 is the RNA isolated

from an erythematous area of skin, read clinically as

3+ erythema, that was induced by squarate. Lane 3

water for 72 hours. At this point, the erythema was graded

according to a standard scoring scale and tape stripping

was performed (see below).12 Dibutyl squarate (2%) in

acetone was applied for 48 hours under occlusion to the

upper arm to induce the ACD reactions. After about 14

days the dibutyl squarate (2%) was reapplied to elicit the
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Fig 1. Four RNA probes (IL-4, IL-8, L32, GAPDH) were

used for hybridization to RNA samples from 1 individual.

Cells obtained by tape stripping (12 times) skin sites on

upper arms of this individual (same as subject 2, Fig 2)

were analyzed by RPA. Lane 1 is RNA isolated from

squarate-induced erythematous area of skin, read clinical-

ly as 2+ erythema. Lane 3 is RNA isolated from 0.5% SLS-

induced erythematous site (scored 2+). Both lanes clear-

ly demonstrate bands for IL-8. Upper panel is short expo-

sure of phosphor screen. (RNA for housekeeping genes in

lane 1 is more intense, therefore amount of RNA used is

larger than amount used in lane 3.) Lane 2 is sample

obtained from noninflamed, normal appearing skin of

same individual, which contains very little RNA. Second

panel from top shows longer exposure of phosphor

screen; band for cytokine IL-4 seen only in lane 1 that con-

tains RNA from ACD reaction. Bottom two panels show

higher IL-8 level in lane 3 than in lane 1, despite weaker

IL-4, L-32, and GAPDH levels.



shows the RNA isolated from an erythematous site

(scored 2+) induced by 0.5% SLS. Both lanes clearly

demonstrate the bands for IL-8. (Because the RNA

for the housekeeping genes in lane 1 is more

intense, the amount of RNA used in this lane is larg-

er than the amount of RNA used in lane 3.) Lane 2

represents a sample that contains very little RNA,

obtained from noninflamed, normal-appearing skin

of the same individual.

After longer exposure of the phosphor screen,

the band for the cytokine IL-4 can be seen only in

lane 1, the lane that contains the RNA from an ACD

reaction (Fig 1, second panel from top). It can be

seen clearly that lane 3 contains a higher IL-8 level

than lane 1, despite its weaker IL-4, L32, and GAPDH

levels (Fig 1, bottom 2 panels). Thus the cytokine

pattern in the ACD reaction differed from the ICD

reaction.

In 3 of the 5 subjects tested in a subsequent

experiment, the cytokine IL-4 again was clearly visi-

ble only in the RNA obtained from skin areas that

had acquired an allergic reaction (lanes 8, 11, and 13

in Fig 2). By contrast, IL-4 was much weaker in any of

the SLS-treated areas of skin or in normal skin sam-

ples obtained from the same subjects. Lanes 5 and 12

contain RNA samples from skin areas that demon-

strated vesicles. In these areas, tape stripping was

impeded by the serous exudate from the blisters. In

our experience, this often resulted in smeared lanes

containing excessive IL-8 message in the RPA analy-

sis. Furthermore, in 4 of 5 subjects (subjects 2, 3, 4,

and 5 in Fig 2), IL-8 was present in the RNA obtained

from all of the erythematous areas of skin, whether

the erythema was induced by an irritant reaction or

an allergic one, but not in the RNA obtained from

normal skin. Because samples obtained from the

other individual (subject 1 in Fig 2) contained a rela-

tively small amount of RNA, the result for this subject

was inconclusive.

The RNA for the cytokine IL-13, a protein secret-

ed by activated T cells, was present in 3 (lanes 8, 11,

and 13 in Fig 2) of the 4 erythematous areas of skin

(lanes 5, 8, 11, and 13 in Fig 2) in which inflamma-

tion had been induced by the allergen and for

which the lane could be visualized (Fig 2).14 As

mentioned above, 2 of the lanes (lanes 5 and 12;

subjects 2 and 5 in Fig 2) contained smudges, mak-

ing assessment of the RNA for IL-13 difficult for

these 2 subjects.

Faint bands could be seen in the approximate

areas expected to contain the RNA with the molecu-

lar weight for IFN-γ from 2 (lanes 8 and 11 in Fig 2)

of the 5 squarate-treated skin samples. The band for

the putative RNA for IFN-γ was seen in 2 of the lanes

that also demonstrated the RNA for IL-4.

IL-9 (a multifunctional cytokine) and iNOS were

detected in all 13 samples that could be visualized in

this experiment (Fig 2).15

Clinical scores
The clinical quantification of the erythema visual-

ized in the various skin reactions is documented in

Table I. IL-4 could be seen in ACD skin reactions

graded 2+. IL-8 could be seen in every ICD reaction

(1+ to 3+) regardless of the degree of erythema.

Comparison of the skin reactions by means of
RPA

To compare the degree of skin inflammation by

means of RPA, the amount of IL-4, IL-8, and iNOS

present in each individual lane in Fig 2 was first nor-

malized to the amount of the corresponding house-

keeping gene, GAPDH, and the resulting values for

ACD reaction were then divided by their corre-

sponding ICD values. As mentioned before, samples

from subject 1 contained very little RNA, and the
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Fig 2. Results for RPA performed with RNA obtained by

tape stripping 3 areas of upper arms of 5 individuals.

Riboprobes for 6 RNAs (IL-4, -8, -9, -13, IFN-γ, iNOS) plus

2 housekeeping genes were included. At bottom, + indi-

cates skin harvested from subjects’ arm had been treated

either with SLS (second row at bottom) or squarate (third

row at bottom). Bottommost row indicates, in brackets,

various treatments for a single subject.



showed larger amounts of IL-4, IL-8, and iNOS when

compared with ICD reactions.

DISCUSSION
These results demonstrate that skin RNA can be

obtained from tape strips without significant degra-

dation as indicated by the ability to detect even low

abundant RNA species such as IFN-γ and iNOS (Fig

2). These mRNAs potentially can be characterized in

a variety of ways including assessing the presence of

cytokine mRNA for various interleukins as was done

in this report. The exact species of mRNA probes

used in these experiments was determined in part

by the necessity for using probes of different molec-

ular weights in one and the same lane. The probes

for the control housekeeping genes also were

included in these experiments and provided a

means of quantitating the relative amount of mRNA

present in each sample. Because the skin is a rich

source of RNase that can quickly degrade RNA

released from damaged epidermal cells, the collec-

tion and extraction techniques described here take

into account the risk of digesting epidermal RNA.

By means of this technique, we have isolated RNA

from tape- stripped skin in collaboration with 3 dif-

ferent investigators using different laboratory set-

tings (not shown).

We chose the technique of RPA to characterize the

reactions described herein because this method has

certain advantages over reverse transcriptase–poly-

merase chain reaction (RT-PCR) or in situ hybridiza-

tion. The technique of RPA is both extremely sensi-

tive (allowing analysis of small amounts of RNA col-

lected noninvasively) and inherently quantitative

(unlike RT-PCR or in situ hybridization).

ACD sample from subject 2 contained extensive

smudge (ie, lane 5 in Fig 2). These 2 individuals were

thus excluded from this analysis. As shown in Table

II, among the 3 subjects (3, 4, and 5) analyzed, a nice

correlation exists between the RNA levels and the

severity of the reactions in that the samples from the

strong skin reactions were also the ones that demon-

strated large relative amounts of IL-8 for the ACD

reaction. Furthermore, ACD reactions in general
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Table I. Correlation of the degree of erythema in the skin sites’ reaction and the presence or absence of the 2
cytokines IL-4 and IL-8

Degree of skin reaction Cytokine pattern

Subject No. ACD ICD ACD ICD

2a* 2+ 2+ IL-4+/IL-8+ IL-4–/IL-8+
1 0 0 IL-4 ND/IL-8 ND* IL-4 ND/IL-8 ND
2b† 3+ 0‡ IL-4?§/IL-8?§ IL-4–/IL-8+
3 2+ 1+ IL-4+/IL-8+ IL-4–/IL-8+
4 2+ ±1+ IL-4+/IL-8+ IL-4 ND/IL-8±
5 2+ 3+ IL-4+/IL-8+ IL-4?§/IL-8+

Where all lanes could be visualized, IL-4 could be seen only in RNA harvested from skin where an ACD reaction could be visualized.
ND, Not detected.
*Subject shown in Fig 1. This is the same subject as subject 2, but tested on a different day.
†Subject shown in Fig 2.
‡Some pruritus.
§Smeared lanes.

Table II. Ratios of normalized cytokine and iNOS
messenger RNA levels between ACD and ICD
reactions

Subject Cytokine or
No. protein ACD ICD

IL-4 >>0 0*
3 IL-8 2.5 1

iNOS 1.2 1
IL-4 >>0 0*

4 IL-8 2.1 1
iNOS 3.7 1
IL-4 >>0 0*

5 IL-8 5.1 1
iNOS 3.7 1

Cytokine as well as iNOS mRNA levels from each sample were first
quantitated by means of the software ImageQuant. Readouts (with
background subtracted) for cytokines in each sample were then
normalized to corresponding GAPDH readout. The ratio for each
pair of normalized cytokine (or iNOS) levels for each subject
between ACD and ICD reactions were taken and reported. ICD
reactions never contained detectable amounts of IL-4; therefore,
ratios for this cytokine were not calculated.
*The level of IL-4 message was not detectable in ICD reactions.



In a recent study, subjects with known ACD were

challenged with allergen, and increased numbers of

epidermal keratinocytes were shown to express IFN-

γ by in situ hybridization.16 By contrast, no consis-

tent changes in IL-1α or IL-8 expression were

observed. Using RT-PCR and shaved skin biopsy

specimens from human subjects, Grängsjö et al17

detected increased IL-6 but not GM-CSF mRNA

expression after exposure to the irritant nonamoic

acid; whereas SLS increased GM-CSF but not IL-6. IL-

4 was found in ACD reactions. It is clear from these

data that epidermal cells can synthesize cytokines,

and that both ACD and ICD reactions can upregulate

discrete sets of cytokines.

The presence of IL-4 and IL-13 in squarate-treat-

ed skin samples demonstrated here strongly sug-

gests that these cytokines were induced by a mech-

anism that is specific to the allergic reaction in the

skin from which these samples were obtained.

However, we have not totally ruled out that the

intensity of the clinical reaction also may have influ-

enced the appearance of the IL-4/IL-13 cytokine pat-

tern, because, on the whole, the ACD reactions

were stronger than the ICD reactions, although

these two cytokines have not been demonstrated in

the ICD reactions by means of other tech-

niques.18-20 We plan to confirm our findings by per-

forming biopsies of the two types of skin reactions,

that is, ACD and ICD. We will then characterize the

protein patterns on the biopsy specimens by means

of immunohistochemistry and compare these pat-

terns to the results from the RPA performed in par-

allel on the same individual(s).

In 3 of the subjects tested (3, 4, and 5), the

degrees of inflammation in the erythematous skin

sites could be correlated with the IL-4 and IL-8 RNA

levels when normalized to the corresponding house-

keeping gene levels (Table II). Thus, subject 4, who

demonstrated a 2+ reaction in his ACD site and only

a ±1 reaction in his ICD site, also showed an approx-

imately 2-fold difference in the IL-8/GAPDH ratios

when comparing the ACD and ICD reactions by

means of the RPA method.

The process of tape stripping itself has been

shown not to affect the skin cytokine profile during

the first few hours after the procedure is done.21

Furthermore, during the early hours after stripping

no inflammatory cells migrate from the circulation

into the dermis or epidermis.

Dermatitis may result from a broad array of exter-

nal agents applied to the skin. Classes of dermatitis

may include irritant, allergic, photoallergic, and pho-

totoxic mechanisms.22 Clinically, these reactions are

virtually identical to the appearance of an eczema-

tous process typified by erythema, edema, and vesic-

ulation. Categorizing the mechanism(s) of the aller-

gic reaction to various cosmetic products, for exam-

ple, should be of great importance for consumers as

well as manufacturers. These reactions usually stem

from the immunologic consequences of an allergic

or immune response that eventually lead to increas-

ingly severe inflammation of the skin with re-expo-

sure after initial sensitization. Recurrent skin erup-

tions will be likely to continue in these instances

even after the offending component of the product

has been reduced quantitatively. In contrast, irritant

reactions in the skin may be reduced or eliminated

by product reformulation.

The approach described here appears to distin-

guish between two types of reactions (ie, ICD and

ACD) in a matter of a few days rather than several

weeks, which is the time needed to perform the cur-

rent standard clinical techniques.23 Although other

methods for assessing the effects of phototoxic

agents, as well as ICD and ACD, have been published

recently, none of these were performed on human

skin in vivo.24-26 To optimize the technique, we

recently have performed experiments to determine

the optimal number of tape strips that have to be

removed from the skin and subsequently harvested

(not shown). These results suggest that the first 10

tape strips harvested (that probably contain material

from mainly the nonnucleated stratum corneum) do

not need to be extracted with Tri Reagent but simply

can be discarded.

The noninvasive tape stripping technique

described here could be applied to a number of

other areas such as isolating small fragments of DNA

for assessing the protection against photodamage.

Finally, the cytokine patterns induced by a variety of

other skin, systemic, or neurologic diseases also

could be assessed with this technique.

Since this manuscript was submitted for publica-

tion, an article appeared describing the characteriza-

tion of cytokines in antigen activated skin of patients

with atopic dermatitis by combining the techniques

of skin scraping and RT-PCR.27

REFERENCES
1. Hoefakker S, Caubo M,Van’t Erve EHM, Roggeveen MJ, Boersma

WJ, van Joost T, et al. In vivo cytokine profiles in allergic and irri-
tant contact dermatitis. Contact Dermatitis 1995;33:258-66.

2. Krasteva M. Contact dermatitis. Int J Dermatol 1993;32:547-60.
3. Kupper TS. Production of cytokines by epithelial tissues: a new

model for cutaneous inflammation. Am J Dermatopathol 1989;
11:69-73.

4. Basham TY, Nickoloff BJ, Merigan TC, Morhenn VB. Recombinant
gamma interferon induces HLA-DR expression on cultured
human keratinocytes. Invest Dermatol 1984;83:88-91.

5. Mackie RM,Turbitt ML. Quantization of dendritic cells in normal
and abnormal human epidermis using monoclonal antibodies

Morhenn, Chang, and Rheins   691J AM ACAD DERMATOL

VOLUME 41, NUMBER 5, PART 1



expression of cytokines after application of 2 different irritants.
Contact Dermatitis 1996;35:355-60.

18. Mohamadzadeh M, Mueller M, Hultsch T, Enk A, Saloga J, Knop
J. Enhanced expression of IL-8 in normal human keratinocytes
and human keratinocyte cell line HaCaT in vitro after stimula-
tion with contact sensitizers, tolerogens, and irritants. Exp
Dermatol 1994;3:298-303.

19. Ohmen JD, Hanifin JM, Nickoloff BJ, Rea TH, Wyzykowski R, Kim
J, et al. Overexpression of IL-10 in atopic dermatitis. Contrasting
cytokine patterns with delayed-type hypersensitivity reactions.
J Immunol 1995;154:1956-63.

20. Riemann H, Schwarz A, Grabbe S, Aragane Y, Luger TA, Wysocka
M, et al. Neutralization of IL-12 in vivo prevents induction of
contact hypersensitivity and induces hapten-specific tolerance.
J Immunol 1996;156:1799-803.

21. Nickoloff BJ, Naidu Y. Perturbation of epidermal barrier function
correlates with initiation of cytokine cascade in human skin. J
Am Acad Dermatol 1994;30:535-46.

22. Marks JG Jr, DeLeo VA. Allergic and irritant dermatitis. In:
Contact and occupational dermatology. Baltimore: Mosby;
1997. p. 3-6.

23. Marzuli FN, Maibach HI. The use of graded concentrations in
studying skin sensitizers: experimental contact sensitization in
man. Food Cosmet Toxicol 1974;12:219-27.

24. Augustin C, Collombel C, Damour O. Use of dermal equivalent
and skin equivalent models for identifying phototoxic com-
pounds in vitro. Photodermatol Photoimmunol Photomed
1997;13:27-36.

25. Brand CU, Braathen LR. Investigation of skin-derived lymph: an
approach to get insight into the skin immune system. Dermatol
1996;193:283-8.

26. Brand CU, Yawalkar N, Hunziker T, Braathen LR. Human skin
lymph derived from irritant and allergic contact dermatitis:
interleukin 10 is increased selectively in elicitation reactions.
Dermatol 1997;194:221-8.

27. Junghans V, Gutgesell C, Jung T, Neuman C. Epidermal cytokines
IL-1β, TNFα , and IL-12 in patients with atopic dermatitis:
response to application of house dust mite antigens. J Invest
Dermatol 1998;111:1184-8.

directed against Ia and HTA antigens. J Invest Dermatol 1983;
81:216-20.

6. Howie SE, Alridge RD, McVittie E, Forsey RJ, Sands C, Hunter JA.
Epidermal keratinocyte production of interferon-gamma
immunoreactive protein and mRNA is an early event in allergic
contact dermatitis. J Invest Dermatol 1996;106:1218-23.

7. Morhenn VB, Weltman H, Waleh N. Human keratinocytes pro-
duce mRNA for nitric oxide synthase [abstract]. J Invest
Dermatol 1995;104:609.

8. Bruch-Gerharz D, Ruzicka T, Kolb-Bachofen V. Nitric oxide in
human skin: current status and future prospects. J Invest
Dermatol 1988;110:1-7.

9. Katz SI, Tamaki K, Sachs D. Epidermal Langerhans cells are
derived from and are repopulated by mobile precursor cells
which originate in bone marrow. Nature 1979;282:324-6.

10. Reitschel RL, Fowler J, editors.The pathogenesis of allergic con-
tact hypersensitivity. In: Fisher’s contact dermatitis. Baltimore:
Williams & Wilkins; 1995. p. 3.

11. Gilman M. Ribonuclease protection assay. In: Ausubel FA, Brent
R, Kingston RE, Moore DD, Seidman JG, Smith JA, et al, editors.
Current protocols in molecular biology. New York: Greene
Publishing and Wiley-Interscience; 1991. p. 4.7.1-4.7.8.

12. Reitschel RL, Fowler JF Jr, editors. Fisher’s Contact dermatitis.
4th ed. Baltimore: Williams & Wilkins; 1995. p. 29.

13. Streilein JW, Lonsberry LW, Bergstresser PR. Depletion of epi-
dermal Langerhans cells and Ia immunogenicity from tape-
stripped mouse skin. Exp Med 1982;155:863-71.

14. Dickensheets HL, Donnelly RP. IFN-gamma and IL-10 inhibit
induction of IL-1 receptor type I and type II gene expression by
IL-4 and IL-13 in human monocytes. J Immunol 1997;159:6226-
33.

15. Demoulin JB, Renauld JC. Interleukin 9 and its receptor: an
overview of structure and function. Int Rev Immunol 1998;16:
345-64.

16. Howie SE, Aldridge RD, McVittie E, Forsey RJ, Sands C, Hunter
JAA. Epidermal keratinocytes production of interferon gamma
immunoreactive protein and mRNA is an early event in allergic
contact dermatitis. J Invest Dermatol 1996;106:1218-23.

17. Grängsjö A, Leijon-Kuligowski A, Törmä H, Roomans GM,
Lindberg M. Different pathways in irritant contact eczema?
Early differences in the epidermal elemental content and

692 Morhenn, Chang, and Rheins J AM ACAD DERMATOL

NOVEMBER 1999

BOUND VOLUMES AVAILABLE TO SUBSCRIBERS

Bound volumes of the Journal of the American Academy of Dermatology are available to subscribers

(only) for the 1999 issues from the Publisher at a cost of $123.00 for domestic, $151.94 for Canadian, and

$142.00 for international for volume 40 (January-June) and volume 41 (July-December). Shipping charges

are included. Each bound volume contains a subject and author index and all advertising is removed. Copies

are shipped within 60 days after publication of the last issue in the volume. The binding is durable buckram

with the journal name, volume number, and year stamped in gold on the spine. Payment must accompany
all orders. Contact Mosby, Inc., Periodical Subscription Services, 11830 Westline Industrial Dr., St. Louis, MO

63146-3318. USA: phone (800) 453-4351; (314) 453-4351.

Subscriptions must be in force to qualify. Bound volumes are not available in place of a regular journal subscription.


