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Dear Editors:

Our group has shown through microarray data analysis that the gene expression pattern of
Down Syndrome (DS) placentas differs from that of euploid control placentas [1]. One gene
of interest that was over-expressed in DS placentas in microarray, Northern blot and
quantitative real time PCR (qPCR) analyses was keratin 8 (KRT8). Keratins are the largest
subgroup of the intermediate filaments. KRT8, along with keratin 18, is an intermediate
filament that is associated with differentiation to the trophoectodermal layer of the blastocyst
[2]. In trophoblast cells, the keratin cytoskeleton appears to be important in maintaining
structural integrity of these cells and therefore, maybe important in intrauterine growth
restriction and spontaneous abortion [3]. In addition to its role as a structural protein and as a
protein involved in differentiation, KRT8 functions in signal transduction and potentially in
apoptosis.

There is evidence that KRT8 modulates tumor necrosis factor (TNF) and fas mediated cell
death [4]. Jaquemar et al. showed that KRT8 deficient embryos were exquisitely sensitive to
apoptosis [5]. We have therefore evaluated the relationship between KRT8 and the TNF related
apoptotic pathway in DS placentas as compared to euploid placentas.

In order to control for any possible effect of mode of delivery on differential gene expression,
all placentas used in this work were dilatation and extraction specimens. Also, all placentas in
the study were second trimester specimens, ranging in gestational age from 17 to 24 weeks.
Gestational age was based upon last menstrual period, ultrasound and autopsy following
pregnancy termination. Aneuploid and euploid placentas were individually gestational age-
matched, meaning for every aneuploid placenta there was at least one normal control placenta
of the same gestational age +/− two weeks and vice versa. Finally, the difference in the
gestational ages in the two groups is not statistically significant.

Karyotype was confirmed by either amniocentesis or placental biopsy. All steps, from tissue
harvesting to band karyotyping, were performed according to standard protocols established.
Karyotypes were confirmed by an experienced clinical cytogeneticist. Although the presence
of confined placental mosaicism can not be completely ruled out, generous placental biopsies
comprised of large areas of chorionic villous parenchyma and generous amnionic fluid samples
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were collected for karyotyping, minimizing the risk of mosaicism. Furthermore, mosaicism
has been found to occur in only 1% of the aneuploid cases at our center.

For placental biopsies, placental chorionic villous tissue blocks were extensively washed in
either RNAlater@ (Invitrogen) or phosphate buffered saline before analysis. In addition, the
purity of the samples was confirmed by histologic examination of the tissue sections, which
revealed only fetal chorionic villi and no maternal basal plate or decidual vasculature present.
For amniocentesis specimens, sample purity was verified, following clinical cytogenetics
standard protocols. All measures were taken to prevent contamination. Only samples that met
strict criteria were included in our study and were analyzed.

Quantitative PCR demonstrated that TNF-related apoptosis-inducing ligand (TRAIL) was
significantly over-expressed in T21 placentas compared to controls, while TNF-α and the three
TRAIL receptors evaluated were not (Table 1). The Western blot analysis of the normal and
DS placental samples is shown in Figure 1a. Densitometry analysis is shown in Figure 1b. A
significant difference in KRT8 expression is seen between these two groups. (p = .008) There
is not a significant difference in TRAIL expression between DS and normal placental
specimens (p = 0.16) A marked inverse relationship between KRT8 and TRAIL is seen in 8
out of the 11 DS specimens, whereas no such relationship is seen in the normal controls (Figure
1c.)

Immunohistochemical staining revealed that KRT8 and TRAIL are both expressed in the
outermost portion of the apical membranes of placental chorionic villous syncytiotrophoblast
cells. In the DS samples, KRT8 immunohistochemical staining is more prominent when
compared to normal controls (Figure 1d). There is not a significant difference in TRAIL
expression (not shown).

The external death receptor pathway, mediated by the TNF family of genes, has garnered
particular attention, as this pathway has been implicated in mammalian immune function and
has consequently helped elucidate our understanding of immune privilege at the maternal-fetal
interface. Similar to the way that apoptosis of immune cells protects against autoimmune
disorders, the external pathway appears to provide protection of the fetal/placental
semiallograft from maternal immune attack [6]. Corresponding TNF receptor (TNFR)
superfamily members have also been identified in placenta, such as TNFR1 (which binds
TNFα and LTα) and Fas (which binds FasL). TRAIL binds to DR4 and DR5, and can also bind
to decoy receptors DcR1 and DcR2. Decoy receptors have non-existent or truncated death
domains and thereby do not typically result in apoptosis [7]. As a result, there may be critical
levels of ligands and/or receptors that make cells sensitive or resistant to cell death.

The inverse relationship between KRT8 and TRAIL in 8 of our 11 DS specimens may be
explained by a negative feedback mechanism. TRAIL induced apoptosis results in an elevated
level of KRT8. KRT8, in turn, controls apoptosis by down-regulating TRAIL. An interesting
caveat is that this inverse relationship was not present in all individual samples, as seen in
Figure 1c, which may explain the individual variation in DS fetuses with respect to viability.
KRT8 has been shown to be critical in the development of mouse embryos beyond mid-
gestation. This relationship may be one possible mechanism to explain why some DS fetuses
survive to term and some do not.

Our results confirm the recent findings of other investigators that apoptosis appears to be an
inconsistent finding in aneuploid placentae. Wright et al. [8] studied DS placentae and the
cytotrophoblast differentiation pathway that leads to uterine invasion. Of note, they showed
some Trisomy 21 cell samples exhibiting significantly increased apoptosis and other samples
appearing normal. Subtle interplay between proteins in the external apoptotic pathway may
help explain not only the underlying cellular regulation in aneuploid placentae, but also such
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striking variation between samples. Future studies in this area may help elucidate why many
DS pregnancies end in fetal demise, while others survive to term.
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Figure 1. Expression of KRT8 and TRAIL in human placenta
Each lane was loaded with 30 μg of proteins extracted from placental chorionic villi and
immunoblots were reacted with antibodies directed against KRT8, TRAIL and β-actin (A).
Levels of expression were determined by densitometry after normalization to β-actin (B). A
marked inverse relationship between KRT8 and TRAIL is seen in 8 out of the 11 DS specimens,
whereas no such relationship is seen in the normal controls (C). Immunostaining of KRT8 and
TRAIL was performed on paraffin embedded placental sections from DS and controls. Slides
were incubated overnight at 4° C with KRT8 (Santa Cruz) primary antibody. Staining was
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visualized using a Vectastain ABC kit (Vector Laboratories, Inc, Burlingame, CA) and
diaminobenzidene (Sigma) as substrate (D).
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