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Introduction

We have previously reported on the modulation of the epidermal growth factor (EGF) effect on
telomerase activity by 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)1 and on the modulation of TCDD
action on keratinocyte differentiation and morphology by EGF2. Here, after microarray expression
profiling (~12,000 transcripts) of spontaneously immortalized human keratinocytes (SIK) treated with
EGF, TCDD, or both, we report on the effects of TCDD on epidermal cell transcription. Present results
provide another example of modulation of TCDD effects. A group of immunity related transcripts
belonging to the major histocompatibility complex class II family of genes (MHC-II) depend on the
presence of both EGF and TCDD for their expression, whereas treatment with EGF or TCDD alone is
ineffective. Properly regulated expression of MHC-II molecules is important for immune function,
whereas deficient expression could lead to immunosuppression, and over-expression could lead to an
autoimmune state. In addition, proline oxidase, an enzyme required for p53 dependent apoptosis, was
identified as a novel TCDD target. Thus, apoptosis suppression though proline oxidase inhibition could
contribute to TCDD’s tumor promoting effects, and the effect of TCDD on MHC-II could help
understand the interaction of TCDD with growth factors such as EGF in perturbing immunity.

Materials & Methods

Cell culture
Cells used were spontaneously immortalized keratinocyes (SIK)3 passage 40. Cell culture was

performed using a feeder layer of lethally irradiated 3T3 cells in a (3:1) mixture of Dulbecco-Vogt Eagle’s
modified and Ham’s F12 media containing 5 % fetal bovine serum, 5 µg/ml transferrin, 5 µg/ul insulin, 0.18
mM adenine, 20 pM triiodothyronine, 0.4 µg/ml hydrocortisone, 10 ng/ml cholera toxin, and antibiotics4.

TCDD and EGF treatment
When indicated cells were treated with either TCDD (10 nM, sufficient for receptor mediated

effects), EGF (10 ng/ml) or both starting at the first medium change, usually three days after
inoculation. Treatment continued for 10 days, at which time the cultures were ~80 % confluent, and
then total RNA was isolated using phenol/guanidine isothiocyanate/chloroform5.

Expression profiling
Double stranded cDNA was synthesized starting with 10 mg of total RNA and oligo (dT)24T7

primers. Then, biotin-labeled cRNA was synthesized using T7 RNA polymerase. Fragmented cRNA
(15 mg) was hybridized overnight (45 oC) to U95Av2 arrays (Affymetrix, Santa Clara, CA).
Hybridization was detected with streptavidin-labeled phycoerythrin and confocal laser scanning. The
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total intensity of each array was scaled to normalize for inter-array variations. Expression data was
generated using Affymetrix MAS 5.0.

Results and Discussion

Long term (10 days) TCDD treatment had a significant effect on epidermal cell transcription,
noticeable mostly as gene induction rather than suppression (67 % vs 33 % of the significant changes).
Table I lists transcripts whose expression was significantly induced or suppressed by TCDD or EGF/
TCDD treatment. TCDD affected the expression of a variety of gene products including structural
proteins, proto-oncogenes, tumor suppressor genes, protease inhibitors, growth factor-related genes,
and metabolizing enzymes, among others. Most noticeable among epidermal genes induced by TCDD
were CYP1A1 (360 fold), cyclooxygenase-2 (~240 fold), sprIb and II (18 and 8 fold respectively),
calcium binding protein A8 (14 fold), and several transcripts related to interleukin 1 (Type II IL-1
receptor, 7 to 26 fold; IL-1 receptor agonist, 4 fold; IL-1b, ~4 fold). Notable among suppressed
transcripts were those of proline dehydrogenase/oxidase I (~8 fold) and serine/threonine kinase 19 (~7
fold).

Cyclooxygenase-2 (Cox-2) induction by TCDD agrees with other reports. Indeed, the Cox-2 gene
contains a dioxin responsive element (DRE). Interestingly Cox-2 overexpression has been detected in
various cancers and a relationship between tumor growth, poor prognosis, and Cox-2 overexpression
has been noted. Cox-2 directly affects production of prostaglandins and other mediators of
inflammation, promotes angiogenesis, and inhibits apoptosis6. Thus, continued Cox-2 induction by
TCDD could be instrumental in TCDD’s tumor promotion effects.

TCDD induction of IL-1 related genes could be important in orchestrating TCDD effects. It is
known, for instance, that IL-1b is the major Cox-2 inducer in the CNS7 and that the IL-1 receptor
antagonist IL-1RA competitively binds the IL-1 receptor and neutralizes the effects of IL-1 a and b,
thus down regulating immune response8. Although physiological IL-1 receptor inhibition by IL-1RA is
beneficial in controlling exaggerated immune responses, in non-physiological conditions it could lead
to immunosuppression, a well known effect of TCDD.

Proline oxidase is a mitochondrial enzyme central in the proline/pyrroline-5-carboxylate redox
cycle. It catalyzes the conversion of proline to pyrroline-5-carboxylate (P5C), and is ultimately
involved in the transfer of redox potential across the mitochondrial membrane. Developmental
functions of this enzyme can be inferred in cases of this enzyme deficiency9. Furthermore, proline
oxidase has been shown to increase in cells undergoing p53 dependent apoptosis, and P5C, its end
metabolite, has been shown to suppresses cell growth and induce apoptosis10. Suppression of proline
oxidase by TCDD could explain its observed ability to inhibit programmed cell death.

CYP1A1 and CYP1B1 are normally absent in cultured keratinocytes, but their expression is
activated by certain aromatic hydrocarbons. Indeed, TCDD treatment of epidermal cells highly
stimulates CYP1A1 transcription by 362 fold (Table II). It stimulates CYP1B1 transcription as well,
but to a lesser extent (~5.3 fold). The Presence of EGF does not alter TCDD induced P450
expression. Although not stimulated by TCDD treatment, but equally toxicologically relevant,
cultured keratinocytes express CYP4B1, CYP2D6, CYP11A1, CYP21A1P, and CYP4F3. This
information is consistent with the low level expression of a number of cytochromes P450 in
epidermis that have been difficult to characterize, although detection of some of these forms by PCR
has been reported11. Present results are of interest for understanding the response to pharmaceuticals
applied to skin for local or systemic therapy.
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Table 1. Differentially expressed genes in human epidermal cells (SIK) by TCDD and EGF/TCDD
treatment

Induced transcripts had a lower limit 95% confidence interval m 2. Suppressed transcripts had an upper
limit 95 % confidence interval [ -2.  †A, absent (signal [ 100 or detection P value m 0.06)

Table 2. Cytochrome P450 genes expressed in human epidermal cells and their induction by TCDD
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Although similar transcriptional effects were observed in epidermal cells treated with TCDD alone
and in those co-treated with EGF and TCDD (see Table I), a group of transcripts was observed to be
significantly induced only when epidermal cells were concurrently treated with EGF and TCDD (Table
III). Nearly 60 % of those transcripts (labeled with *) belong to the MHC-II family of genes. Antigen
presenting cells are normally the only cells that express MHC-II proteins on their surfaces. MHC-II
molecules are heterodimeric ("/ß) glycoproteins belonging to one of three isotypes (HLA-DR, HLR-
DQ, and HLR-DP). Different isotypes of both a and b polypeptides are induced by EGF/TCDD
treatment (Table III). MHC-II molecules affected by EGF/TCDD are involved in a/b complex
stabilization, MHC-II trafficking, antigen loading, and peptide digestion. The orchestrated induction by
TCDD/EGF of MHC-II molecules suggests that a common repressor or inducer of MHC-II expression
has been affected by the treatment.

Table 3. Transcripts found differentially expressed only with concurrent EGF and TCDD treatment

* Related to MHC-II proteins
†A, absent (signal [ 100 or detection P value m 0.06)
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