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Introduction

Functional analysis of placental biomolecules that
are involved In pregnhancy-supporting processes at the
materno-fetal interface requires their in-situ allocation to
the cellular compartments of the placental chorionic villi
(PCV) such as the syncytiotrophoblast (STB). In additi-
on, measurements of qualitative and guantitative alte-
rations In protein expression due to different genotypes
and environmental exposures can help to understand
diseases such as preeclampsia.

In this context, multimolecular analysis of the PCV
compartments in combination with exhaustive bioinfor-
matic knowledge extraction (cytomics) is of growing inte-
rest. Cytomics-technologies are often microscope-based 1 3
using automated in-situ LGHQWL{FDWLRQ RI FHOOXODU V\VWHPYV
(tissue areas, cells, subcellular structures) and linear
TXDQWL,{FDWLRQ RI DVVRFLDWHG PDUNHU PROHFXOHY H J 7LV
sueFAXS/TissueGnostics GmbH, Vienna, Austria). Cur-
rently available software, however, does not support the
In-situ analysis of PCV with complex shapes/textures of
YLOOL PXOWLQXFOHDU FHOOV HJ 67% RU KLJKO\ DXWRAXRUHYV
cent nuclear-free erythrocytes.

The receptor for advanced glycated end-products
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atory states, plays a role in development of diseases
such as diabetes mellitus, and might also contribute to

the development of preeclampsia. 5 4
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our system can be seen in Figure 4,
cHOG RI YLHZV )29V RWKHUZLVH LQIRUPDWLRQ DERXW ODUJH 7
structures Is lost at each border. Furthermore, classical
cell-recognition approaches that rely on nuclel staining
fail to identify multinuclear cell types such as the STB
RU KLIKO\ DXWRAXRUHVFHQW QXFOHDU IUHH HU\WKURF\WHV 2XU
alm Is to develop new approaches for general recogniti-
on of such structures called holistic pattern-recognition.
$V D VSHFL¢{(F DSSOLFDWLRQ IRU WKLY DSSURDFK DOORFDWLRAQ
and level of expression of RAGE in PCV In preeclamptic
3( DQG DJH PDWFKHG KHDOWK\- &2 SODFHQWDYV LV FXU
rently subjected to automated analysis to study altera-

tions of RAGE expression during preeclampsia.

Methods 5 6

3DUDI;{Q VHFWLRQV RI SODFHQWDV ZHQUES/QFXEDWHG ZLWK

SULPDU\ DQG UHVSHFWLYH AXRUHVFHQ)ItlllxﬁiR%MKﬁfﬂWH’@D@bﬂ—FWWHG OLJKW LPDJH RI WKH VDPH )29 DV VKRZQ LQ )LJXUH
HV FDQ EH IRXQG 7KH FRUUHVSRQGLQJ RXWSXW RI WKH FODVVL¢{HU-LV VKRZQ
xa Fluor 488 and 546, Invitrogen) secondary antibodies

tes. The respective erythrocytes mask can be seen in Figure 7.
(Abs). Nucleil were labelled with DAPI (Roche). Images
LOQGLYLGXDO AXRUHVFHQW FKDQQHOV WUDQVPLWWHG OLJKW ZHUH
recorded by automated slide-scan using the Tissue-
FAXS (TissueGnostics GmbH; 20x objective). Pictures
| )29V ZHUH VDPSOHG ZLWK DQ RYHUODS $00 DGMDFHQW
overlaps were used to merge the respective images by
XVLQJ WHPSODWH PDWFKLQJ IXQFWLRQ RI 2SHQ&9 $XWRPD
ted recognition of tissue structures and cells was deve-

loped combining classical digital image processing with
pattern recognition approaches as well as state of the

art machine-learning techniques.
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1. STB detection

Figure 1 shows an acquired overlay image composed
of all recorded channels. The STB Is marked in green
(Alexa Fluor 488) using a primary anti-cytokeratin 7 (CK7)
Ab, while RAGE is marked in red (Alexa 546) using an
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Figure 8-10
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In Figure 10. RAGE can be found in STB (red arrowheads) or other cell types (blue arrowheads) visualized in Figure 9.

These features are commonly used for face detection,
but we trained them to detect erythrocytes in transmissi-

RQ LPDJHV 7KH RXWSXW RI WKLV FOD

HFWRGRPDLQ VSHFL¢(F SULPDU\ $E & Qr@t rRbathikelyidontail étytMrdéRe-(Rdiife 6} Rrythrocy-

blue (DAPI). Two independent domain experts used all
stitched channel images to manually mark up the region
covered by the STB. An overlay of such a markup can
be seen In Figure 2. Green represents the intersection
of both experts (agreement of 92%), whereas blue and
red show the areas that were only marked up by one of

WKH H[SHUWV 8VLQJ WKH VSHFL¢F VWDLQLQJ IRU &.

3), we computed a multinuclear cell mask (Figure 4) and
achieved an agreement of about 90% with both human
experts after exhaustive parameter optimization[1].

2. Erythrocyte detection

erythrocytes Iin the placenta (see arrowheads in Figure

WH DUHDV LQ WKHVH UHJLRQV DUH W
SDWWHUQ UHFRJQLWLRQ DSSURDFKHWP
DVVRFLDWHG ZLWK WKHVH DUHDV DUHY

cation of proteins of interest. A corresponding erythrocy-
te mask to Figure 1 is shown in Figure 7 (insert in Figure

6).
)LIXUH

5%$*( TXDQWL,FDWLRQ
As an example for automated allocation and guanti-

Conclusion
We pushed forward smart in-situ cell analysis

My ésqatﬂ)hlsHTr}@ dn \alltdm&tbd” fécdghition proto-
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derived from healthy and diseased pregnhancies.
Preliminary results suggest alteration of RAGE
protein expression and allocation in case of pree-
clampsia, suggesting involvement of RAGE in the
development of the disease.
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centa) have been analyzed so fare, we could already
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by generating an erythrocyte mask (Figure 7). Classical
Image processing techniques will fail because there Is
no single channel, where erythrocytes are solely visible.
To overcome this problem, we made use of the spe-

JRZKHDGYV LQ )LJXUH
naar-like features’|2].
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sed compared to the control (Figure 8). The automa-
ted evaluation of allocation (Figure 9 shows location of
RAGE to STB (red arrows) and other cell types (blue)),
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