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Clinical significance of dihydrodiol dehydrogenase expression in breast cancer
and the pathophysiological regulation of DDH in breast cancer cellsand

theinteractionswith COX-2, mdr-1 and HER2/neu gene expressions
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HER2/neu gene in patients with breast cancer.
By fluorescent in situ hybridization (FISH),
amplification of HER2/neu gene was detected
in 36 patients. By using
immunohistochemistry, we measured DDH
expressionsin 107 patients with breast cancer.
Furthermore, expression of DDH was
confirmed by immunoblotting and RT-PCR.
Relation between DDH expression and
clinical parameters was analyzed by statistical
analysis. DDH overexpression was detected in
49.5% of pathological sections (53/107) and
in 29.1% of metastatic lymph nodes (21/72).
Interestingly, expression of cyclooxygenase 2
(COX?2) was detected in 62 patients (57.9%),
and COX2 expression was correlated with
amplification of HER2/neu gene and DDH as
well as mdr-1 expressions, but not related to
PCNA, topoisomerase Il or FHIT gene
expressions. Compared with patients who had
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ABSTRACT

In this study we investigated expressions
of dihydrodiol dehydrogenase (DDH) and

DDH overexpression in tumors, patients with
low DDH expression had significantly lower
incidence of lymph node metastasis and tumor
recurrences. Interestingly, drug response rate
was also significantly better in patients with
low DDH expression than in those with DDH
overexpression (p = 0.002). In conclusions,
for patients with breast cancer, DDH
overexpression was correlated with tumor
stages, lymphovascular invasion, and poor
drug response.



Keywords:. dihydrodiol dehydrogenase, breast
cancer, immunohistochemistry, gene
expression, pathophysiological regulation

Breast cancer is the second |leading cause
of cancer mortality worldwide among women.
Most of the patients died were at the |ate stage
of the disease when they were diagnosed.*
However, some patients who were diagnosed
at the early stage, and cared with the adequate
surgical resection still died of cancer with the
early recurrence and metastasis.” Breast cancer
that metastasized beyond regional lymph
nodes or has recurred after primary treatment
(advanced breast cancer) becomes more
incurable. Concomitant inflammation will
even aggravate the seriousness of the disease.

Interestingly, epidemiological evidences
showed that the use of nonsteroidal
antiinflammatory drugs (NSAIDs), e.g.,
aspirin, indomethacin, and sulindac, could
reduce not only the risk of breast cancers,® but
also the risks of gastric, colorectal, and lung,*
further support the concept that inflammation
and carcinogenesis are intimately related. The
detailed mechanism of how NSAIDs reduce
the risk of cancer devel opment, however,
remains to be determined. It is clear though
that cyclooxygenases, the key enzymesin
converting arachidonic acid to prostanoids,
aretargets of NSAIDs.”

In fact, beside cyclooxygenases,
interconversion of prostanoids could be
catalyzed by prostaglandin (PG) F synthase, a
member of ado-keto reductase family.®
Recently, by using differential display to
examine specimens of non-small cell lung
cancer and lung cancer cdll lines, we have
identified overexpression of dihydrodiol
dehydrogenase (DDH) that was not detected
in the corresponding normal lung tissue.’
DDH is also amember of aldo-keto
reductases that catalyzes NADP-mediated
oxidation of trans-dihydrodiols. In human
liver, at least four isoforms of the enzyme
(DDH1-DDH4) have been identified in the
cytoplasm with monomeric mass of 36 kDa.
Among these hepatic DDHs, DDH1 and

DDH2 exhibit PGF synthase activity by
converting PGD, into 9a,11b-PGF,.2
Detection of DDH overexpression in breast
cancer cellswould then provide an aternative
link between chronic inflammation and
carcinogenesis, and, possibly, the disease
manifestation of breast cancer.

In this study, we used
immunohistochemical method to determine
the expressions of DDH and Her2/neu genein
surgical specimens from patients with breast.
DDH expression in breast cancer was
confirmed by immunobl otting and reverse
transcription-polymerase chain reaction
(RT-PCR). The correlation between
clinicopathological parameters and DDH
expression and the prognostic significance of
DDH expression in patients with breast cancer
were evaluated.

As determined by immunohistochemistry, 53
patients (49.5%) were positive for DDH
overexpression (Fig. 1), and DDH was also
detected in 29.1% of metastatic lymph nodes
(21/72). Expression of DDH was confirmed
by immunoblotting and RT-PCR (Fig. 2A &
2B). By FISH, HER2/neu gene amplification
was detected in 36 patients (Fig. 3).
Interestingly, COX2 expression was detected
in 62 patients (57.9%), and HER2/neu gene
amplification was correlated with COX2,
DDH and mdr-1 expressions, but not related
to expressions of
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Fig.1 Representative example of DDH
expression in breast cancer cells detected by
immunohistochemistry. DDH expression was
not detected in the normal stroma (original



magnification = 200).
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Fig. 2 Detection of DDH overexpression in
breast cancer by (A) immunoblot analysis and
(B) RT-PCR.

Fig. 3 Representative example of HER2/neu
gene amplification in breast cancers detected
by FISH method. In the upper panel, breast
cancer cells have two normal copies of
HER2/neu gene, and in the lower panel, breast
cancer cells have amplification of HER2/neu
gene (original magnification = 640).

PCNA, FHIT or topoisomerase Il (Table 1).
Nucleotide sequence of the DNA fragments
from seven breast cancers matched with that
of DDH3: XM_011858.1 Human aldo-keto
reductase family 1, member C3 (DDH3)
(AKR1C3), identities = 591/598 (98%).

The results presented above demonstrate that
gene amplification of HER2/neu genein
breast cancer correlated with overexpression
of DDH, COX2 and mdr-1. Patients with
DDH overexpression in breast cancer cells

have significantly higher incidence of the
early tumor recurrences that are frequently
Table 1 Correlation of HER2/neu gene

amplification with biological factors

Copies of Her2/neu gene

2 3-50r>5 P
COX2
+ 36 26 0.033
- 35 10
DDH
+ 26 27 <0.001
- 45 9
mdr-1
+ 32 26 0.008
- 39 10
PCNA
+ 14 9 0.881
- 59 27
FHIT
+ 37 14 0.196
- 34 22
Topo Il
+ 9 8 0.202
- 62 28

associated with the poor prognosis.

Normally, DDH converts mutagenic
PAH into catechol in the liver. Further
oxidation of catechol could form PAH
o-quinones that can rapidly conjugate with
glutathione. However, DDH is not regularly
expressed in the normal human breast. In
addition to PAH metabolism, DDH could aso
be involved in drug detoxification. Shen et aP
has shown that ethacrynic acid-induced
drug-resistant human colon cancer cells could
express high level of DDH. An elegant study
by Ax et al*® further demonstrated that
anthracycline resistance in human stomach
cancer cells could be mediated via DDH by
altering daunorubicin into aless toxic
daunorubicinol. However, intracellular events
between DDH and drug function are yet to be
elucidated. A variety of evidence suggests that
DDH expression could be responsible for drug
inactivation. In particular, chemical structures
among anticancer drugs, e.g., adriamycin,
VP-16 and mitoxantrone, and
PAH-derivatives that are highly similar
further indicate the possibility. Our results



showed not only the refractory mechanism of
daunorubicin in breast cancer chemotherapy,
but also the clinical association of DDH
expression as a prognostic marker in breast
cancer cellsthat correlated with disease
progression and survival of patients with

breast cancer.
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