
Int J Clin Exp Pathol 2013;6(6):1103-1111
www.ijcep.com /ISSN:1936-2625/IJCEP1303042

Original Article
Expression analysis of leukocytes attracting cytokines in 
chronic histiocytic intervillositis of the placenta

Lukas Freitag1, Constantin von Kaisenberg2, Hans Kreipe1, Kais Hussein1

1Institute of Pathology, Hannover Medical School, Hannover, Germany; 2Department of Gynaecology and Obstet-
rics, Hannover Medical School, Hannover, Germany

Received March 18, 2013; Accepted April 23, 2013; Epub May 15, 2013; Published June 1, 2013

Abstract: Chronic histiocytic intervillositis of the placenta (CHI) is a rare and potentially recurrent disease. Character-
istically it shows accumulation of CD68+ cells in the intervillous space but no destructive tissue infiltration. An immu-
nopathological background is likely but it is unknown what attracts circulating monocytes to the placenta. Methods: 
We analysed the expression profile of 102 inflammation- and angiogenesis-associated genes with real-time reverse 
transcriptase-polymerase chain reaction (RT-PCR) in 16 placentas: CHI (n = 5) and, as controls, villitis of unknown 
aetiology (VUE, n = 4) and normal placenta (n = 7). Results: Compared to controls, CHI had significantly higher lev-
els of matrix metallopeptidase 9 (MMP9) and transforming growth factor, beta receptor 1 (TGFBR1). MMP14 was 
lower in VUE than CHI (p < 0.05) and controls (not significant). Chemokine (C-X-C motif) ligand 9 (CXCL9), CXCL12, 
chemokine (C-C motif) ligand 5 (CCL5) and TIMP metallopeptidase inhibitor 1 (TIMP1) were significantly higher in 
VUE versus controls but not deregulated in CHI. The expression profile could not clearly discriminate CHI from VUE 
or controls but a tendency for grouping of massive CHI was found. Angiogenesis-associated factors were not deregu-
lated in CHI. Conclusion: The discrepancy of massive histiocytic accumulation and the lack of striking up-regulation 
of cytokines might be the basis of the non-destructive behaviour of the histiocytes in CHI. 

Keywords: Cytokine, chemokine, histiocyte, monocyte, placenta pathology, chronic histiocytic intervillositis, mas-
sive perivillous histiocytosis

Introduction

Chronic histiocytic intervillositis of the placenta 
(CHI, synonymously massive chronic intervillo-
sitis or massive perivillous histiocytosis) is a 
rare lesion (< 1% of pregnancies) and has first 
been described in 1987 by Labarrere and Mu- 
llen [1]. Similar to villitis of unknown aetiology 
(VUE), CHI is thought to have an immunopatho-
logical background in terms of “graft” rejection 
[2, 3]. The infectious counterpart of primary CHI 
is histiocytic intervillositis secondary to placen-
tal malaria or human herpesvirus 5/cytomega-
lovirus (HHV5/CMV) [4, 5]. VUE-like lesions can 
be found in association with bacterial or viral 
infection, in particular Treponema pallidum and 
CMV [3, 6]. CHI can occur in all trimesters while 
VUE tend to manifest in later stages of gesta-
tion [2, 3]. Both diseases have an elevated risk 
of recurrence in subsequent pregnancies and, 
in particular in CHI, high rates of perinatal mor-
tality or growth restriction [2, 3]. 

Diagnosis is established exclusively post-natal-
ly by histological evaluation of placenta speci-
mens [2, 3]. While monocytes circulate in the 
peripheral blood, activated histiocytes normally 
infiltrate into tissues and phagotise vital and 
avital materials. The very characteristic histo-
pathological feature of CHI is the accumulation 
of non-circulating histiocytic cells in the intervil-
lous space which lacks infiltration and inflam-
matory destruction of the placenta tissue [1, 7]. 
A few T cells and eosinophils may be present 
and intervillous fibrin deposition and tropho-
blastic necrosis are variable features [8-10]. 
Usually > 70% of the intervillous space is occu-
pied by monocytic cells [8-10]. Minor forms, so-
called focal CHI, have been described; in these 
cases histocytes accumulate in few areas of 
the placenta [8-10]. 

CHI and VUE are asymptomatic and the only 
known biomarker which can indicate presence 
of CHI is elevation of maternal serum levels of 
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alkaline phosphatase (ALP), but ALP alone is 
not sufficient to establish the diagnosis [11]. 
The gold standard is histology/immunohistolo-
gy [7]. Any therapy options, such as corticoid 
treatment [12], are applicable only for the fol-
lowing pregnancies, because the first diagnosis 
is usually made postnatally. 

The objective of this study was to investigate 
whether inflammation-associated factors, in 
particular chemokines, can be detected in CHI. 
The identification of a histiocytic accumulation-
associated factor could effectively serve as a 
biomarker for the diagnosis and activity of CHI.

Materials and methods

Study group 

Placental samples from a total of 16 cases 
were included in this study: 5 CHI and, for con-
trol proposes, 4 VUE as well as 7 placentas 
without any histological sign of inflammation, in 
particular no chorioamnionitis, CHI or VUE. The 
latter 7 non-inflammatory control cases were 
age-matched for gestational age of CHI (mean 
27, median 28 weeks, range 19-33) and VUE 
(mean 37, median 37 weeks, range 35-39) 
cases: 5/7 controls were matched for CHI 
(mean 27, median 28 weeks, range 20-33) and 
2/7 controls (mean 37, median 37, range 36-38 
weeks) were matched for VUE. Therefore, there 
was no difference regarding age of gestation 
between CHI/VUE and controls (each p > 0.05). 
Non-inflammatory control cases showed nor-
mal placenta maturation for the individual age 
of gestation and, similar to CHI, included pre-
term pregnancies. 

All placental samples, including controls, had 
been evaluated as part of standard clinical 
care. Samples were formalin-fixed and paraffin-
embedded (FFPE) and were retrieved from the 
tissue archive of the Institute of Pathology, 
Hannover Medical School. 

The retrospective analysis of these clinical 
samples, after the diagnosis had been estab-
lished, was approved by the local Ethics 
Committee, Hannover Medical School. 

Immunohistochemistry and additional analysis 
for exclusion of virus infection

Placental tissue was evaluated with the follow-
ing panel of antibodies: CD68, CD15, CD3, 
CD4, CD8, CD1a, CD56 (neural cell adhesion 

molecule 1/NCAM), CD25 (interleukin 2 recep-
tor, alpha/ IL2RA), CD123 (interleukin 3 recep-
tor, alpha (low affinity)/IL3RA), CD20 or CD79a 
and complement factor C4d. Virus infection 
was evaluated by immunohistochemistry for 
CMV in CHI and VUE. Furthermore, in CHI immu-
nohistochemistry was performed for human 
herpes virus 1 and 2/herpes simplex virus 1 
and 2 (HHV1-2/HSV1-2), human herpes virus 4/
Epstein-Barr virus (HHV4/EBV) was tested with 
EBER in situ hybridisation and human papillo-
ma viruses (HPV types 6, 11, 16, 18, 31, 33, 
35, 39, 42, 44, 45, 51-54, 56, 58, 59, 61, 62, 
66-68, 70, 72, 73, 81-84, 90, 91) were anal-
ysed with a PCR-based assay from FFPE tissue-
extracted DNA as described [13]. 

RNA extraction and transcript expression as-
says

A total of 102 target gene transcripts were ana-
lysed. Inflammation-associated genes (n = 
67/102) were evaluated in all cases while 
angiogenesis-associated genes (n = 35/102) 
were analysed in four CHI and three control 
cases. 

Placental tissue samples (each 2-4 20 μm 
sections from FFPE blocks) were digested over-
night at 55°C in 500 μL lysis solution and 500 
μL proteinase K (50 μg). After organic extrac-
tion by phenol/chloroform, total RNA was pre-
cipitated from the aqueous phase with isopro-
panol and glycogen for at least 24 h at -20°C. 
The RNA quality and concentration was 
determined with a Nanodrop 2000 (Thermo 
Scientific, Wilmington, DE, USA) and 20 ng RNA 
was used for real-time reverse transcriptase-
polymerase chain reaction (RT-PCR)-based 
expression analysis. Two arrays were used 
which contained fibrosis-associated genes (a 
modified version of the previously used array 
[14, 15]), angiogenesis-associated genes and, 
for each array, endogenous control gene poly-
merase (RNA) II (DNA directed) polypeptide A, 
220kDa (POLR2A). PCR reagents and arrays 
were used as recommended by the manufac-
turer’s instructions (Applied Biosystems, Foster 
City, CA, USA). RT-PCR was performed with a 
7900HT Fast Real-Time PCR system (Applied 
Biosystems) as described [14, 15].

Data analyses

The sample- and detector-specific evaluation of 
amplification curves was accomplished with 
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the RQ Manager 1.2 software (Applied 
Biosystems). CT values established in this man-
ner were converted into ΔCT values and into 
2-ΔCT values (normalised to endogenous control 
gene POLR2A). Statistical analysis was per-
formed with Prism 5.0 (GraphPad Software, 
San Diego, CA, USA) by applying the non-para-
metric Kruskal-Wallis test followed by Dunns’ 
post test for comparison of multiple groups and 
Mann-Whitney test for two-group comparison. 
P values < 0.05 were considered as statistically 
significant. Cluster analysis was performed 
with the Qlucore Omics Explorer 2.2 (Qlucore 
AB, Lund, Sweden).

Results 

Morphological characteristics of CHI cases

The age of gestation was higher in VUE than in 
CHI (mean 37 versus 27 weeks; p = 0.0159).

Among the CHI, 3/5 have been characterised in 
our previous work (cases #1, #3 and #4 in 
Traeder et al. [8]); tissue samples of one of the 
previously described cases was not available 
for analysis (external case). In the last two years 
we have diagnosed two additional cases (#5, 
#6) which were included in this analysis (Table 
1, Figure 1). Both showed typical accumulation 
of intervillous CD68+ cells with minor fibrin 
deposition, few T cells (equally CD4+ and CD8+, 
few CD25+ cells) and few eosinophils. In these 
cases, a subfraction of histiocytes weakly 
expressed CD4 and were negative for CD1a 
and CD123. Minor C4d and fibrin deposition 
did not appear to be different among CHI, VUE 
and controls. 

In case #5, the chronic disease was complicat-
ed by additional acute chorioamnionitis after 
preterm rupture of membranes. In this case, 
abortion had been initiated and ALP was not 
determined. In case #6, shortly before birth, 
the ALP level was 625 U/l. 

None of the viruses under investigation (CMV, 
HSV, EBV, HPV) were detectable. Hepatitis 
viruses B and C (HBV, HCV) and human immu-
nodeficiency virus (HIV) infection had been 
excluded during pregnancy in CHI cases. 

Expression of inflammatory factors in CHI and 
VUE

All samples yielded sufficient quality and 
amount of RNA (determined with a Nanodrop 

2000) for further transcript expression analysis 
(determined by expression of endogenous con-
trol genes; mean CT value for POLR2A 33.4). 

In CHI and VUE the 10 inflammation-associated 
factors with the highest mean relative expres-
sion levels were as follows: thrombospondin 1 
(THBS1, involved in cell-to-cell and cell-to-
matrix interactions), chemokine (C-X-C motif) 
ligand 9 (CXCL9, involved in T cell trafficking), 
TIMP metallopeptidase inhibitor 1 (TIMP1, anti-
fibrogenic factor), transforming growth factor, 
beta 1 (TGFB1, among other functions the pro-
tein regulates cell adhesion and migration), 
bone morphogenetic protein receptor, type IB 
(BMPR1B, receptor of matrix modulating BMPs; 
note that this receptor was expressed in only a 
small subfraction of cases), collagen, type III, 
alpha 1 (COL3A1, component of the placental 
extracellular matrix), chemokine (C-C motif) 
ligand 3 (CCL3, involved in inflammatory 
response), serpin peptidase inhibitor, clade E 
(nexin, plasminogen activator inhibitor type 1), 
member 1 (SERPINE1, inhibitor of fibrinolysis), 
TIMP2 (involved in extracellular matrix remodel-
ling) (Table 2, Supplementary Table 1). Signi-
ficant differences (p < 0.05) were found for mat- 
rix metallopeptidase 9 (MMP9; 11-fold mean 
up-regulation in CHI versus controls) and trans-
forming growth factor, beta receptor 1 (TGFBR1; 
6-fold mean up-regulation in CHI versus con-
trols) as well as MMP14 (3-fold mean up-regu-
lation in CHI versus VUE) (Figure 2). CXCL9 
(mean 13-fold), CXCL12 (mean 12.5-fold), CC- 
L5 (mean 7-fold) and TIMP1 (mean 3-fold) were 
significantly higher in VUE versus controls but 
not deregulated in CHI (Figure 2). The mono-
cyte attractor CCL2 and other factors were not 
significantly deregulated in CHI and VUE.

Cluster analysis revealed a tendency for group-
ing of CHI with VUE. In particular, massive CHI 
cases #1, #3, #5 and #6 shared a similar 
expression profile while focal CHI case #4 had 
a profile more similar to two VUE than to mas-
sive CHI, e.g. focal CHI showed the lowest 
MMP9 expression level among all CHI. However, 
the transcript profile of genes under investiga-
tion could not clearly discriminate between CHI 
and VUE or controls (Supplementary Figure 1). 

Angiogenesis-associated factors are not de-
regulated in CHI

In CHI and controls, the five angiogenesis-asso-
ciated factors with the highest mean relative 
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Table 1. Clinical and morphological characteristics of pregnancies with CHI of the placenta

Cases #5 #6
Maternal data
(age of mother)

Gravida I, Para 0
(25 years)

Gravida III, Para I
(35 years)

Relevant history 6 years earlier: abortion (14th week of gestation) Adiposities, allergy, recurrent miscarriages
Course of pregnancy Foetal growth restriction, premature rupture of memb-

ranes in the 18+6 week of gestation, anhydramnios
Foetal growth restriction, oligohydramnios, alkaline 

phosphatase level 625 U/l (31+6 week of gestation)
Mode of delivery
(gestation age, week+day)

Induction of abortion after severe complications (19+1) Caesarean section (32+1)

Gender of child
(birth weight, percentile)

Male 
(137 g, < 3)

Post mortem examination: 
no malformation

Male
(835 g, < 3)

No malformation 

Apgar score Not applicable 8/9/10
Placenta
parameters (percentile)

10×6×2.5 cm,
47 cm2 (< 10), 

87 g (< 10)

11×11×2 cm,
95 cm2 (< 10), 
229 g (< 10)

Diagnosis of placenta
(% of intervillous space occupied by histiocytes)

CHI
(~90%)

+acute chorioamnionitis

CHI
(30-40%)

Note that CHI cases #1-#4 have been described earlier by us (Traeder et al., 2010).

Table 2. Summary of the 10 highest mean expressed inflammation-associated genes in CHI
CHI (n = 5), median 28 weeks of gestation weeks 

(range 19-33) 
VUE (n = 4), median 37 weeks of gestation 

weeks (range 35-39) 
Control (n = 7), median 30 weeks of gestation 

(range 20-38) 
THBS1 6.70 (4.73, 2.18-15.16) 8.08 (8.75, 3.81-11.01) 6.15 (4.60, 1.78-16.30)
CXCL9 6.15 (7.13, 0.90-12.24) 18.09 (15.86, 4.67-35.96) 1.37 (0.90, 0.35-2.88)
TIMP1 6.30 (5.15, 3.54-10.88) 16.02 (12.87, 6.93-31.39) 4.90 (3.93, 2.53-8.25)
TGFB1 6.08 (5.11, 2.01-10.01) 6.57 (5.15, 3.21-12.78) 4.33 (4.31, 1.64-8.68)
BMPR1B 5.47 (ND in 3/5 cases) 5.52 (ND in 3/4 cases) 0.27 (ND in 6/7 cases)
COL3A1 4.43 (4.00, 2.41-8.58) 3.46 (3.36, 1.05-6.09) 9.26 (5.71, 3.77-25.94)
CCL3 3.62 (0.27, 0.08-17.02) 3.93 (1.02, 0.19-13.50) 0.17 (0.10, 0.03-0.54)
SERPINE1 3.32 (2.57, 1.12-8.00) 3.53 (3.47, 1.51-5.65) 4.38 (4.37, 1.43-7.45)
HGF 2.87 (2.38, 1.76-5.45) 1.58 (1.54, 1.08-2.15) 2.84 (2.40, 1.31-7.12)
TIMP2 2.29 (1.40, 0.27-4.40) 2.03 (1.92, 1.06-3.21) 2.05 (1.89, 0.87-3.65)
Gene names are described in the text. The mean (median, range) relative expression levels (2-ΔCT values normalised to endogenous control gene POLR2A) are listed. An overview of 
all analysed genes is provided in Supplementary Tables 1 and 2. Abbreviation: not detectable (ND).
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expression levels were as follows: fms-related 
tyrosine kinase 1 (FLT1, vascular endothelial 
growth factor/vascular permeability factor 
receptor), platelet/endothelial cell adhesion 

molecule 1 (PECAM1/CD31), podoplanin 
(PDPN), polymerase I and transcript release 
factor (PTRF) and hypoxia inducible factor 1, 
alpha subunit (HIF1A). These genes and all 

Figure 1. Histology and immunohistology of CHI and VUE. CHI-placenta of case #5 shows massive histiocytic infiltra-
tion of the intervillous space with no infiltration of the villi (A, haematoxylin-eosin/HE, x100). The majority of cells are 
CD68+ histiocytes (C, x100). A subfraction of histocytes show a weak membranous CD4 expression. Only very few T 
cells are intermingled, equally CD4+ and CD8+ cells (E, CD4 is depicted, x400). VUE shows patchy infiltration of villi 
by small to medium sized leukocytes but no accumulation of intervillous histiocytes (B, HE, x100). The intravillous 
cells are CD68+ histiocytes (D, x100) and T cells (F, x100). Images were produced with a DP71 Camera (Olympus, 
Hamburg, Germany) on an Axiophot microscope with Plan-Neofluar 10×/0.30 and 40×/0.75 objectives (Zeiss, Jena, 
Germany), image processing with Soft Imaging System software (Olympus, Hamburg, Germany).
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other genes under investigation showed no sig-
nificant deregulation in CHI versus controls 
(Supplementary Table 2). 

Discussion

The basis of severe CHI-associated complica-
tion (foetal growth restriction, intrauterine 
death) is placental insufficiency due to 
decreased perfusion of the intervillous space 
as well as the increased distance between 
maternal erythrocytes and foetal surface of the 
villi. The pathophysiology of aberrant intervil-
lous histiocytic cell accumulation in CHI is still 
not known [2]. An overt underlying maternal 

autoimmune disease or assisted reproduction 
fertilisation do not appear to be major risk fac-
tors [8, 11]. It is thought that micro-lesions of 
the trophoblast and activation of complement 
factors may initiate the inflammatory process-
es [1, 2]. However, trophoblast degeneration 
and fibrin deposition are present at variable 
extents in CHI and, to a certain degree, are 
almost normal in late placental development 
[1, 2, 8-12]. In our previous analysis, we found 
histiocytic expression of membranous and 
cytoplasmic complement cascade-associated 
factor CD55 in CHI but also in acute granulo-
cytic placentitis [8]. Therefore, a complement-
associated immunological process might be 

Figure 2. Deregulated expression of inflammation-associated genes in CHI and VUE. Mean and standard deviation 
are depicted and median values are summarised. Abbreviations: p < 0.05 (*), p < 0.01 (**).
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involved in CHI but CD55 expression or comple-
ment factor deposition is not specific for CHI. 
Acute atherosis-like lesions and IgM deposition 
have been linked to the pathobiology of CHI [1] 
but we could not find any hint that altered 
angiogenesis might be a major defect in CHI. 

Currently, the only biomarker which can indi-
cate presence of CHI is the increase of the ALP 
level above 600 U/l [11] and this was also pres-
ent in one case of this current analysis. 
However, ALP elevation is not specific (absent 
in > 40% of cases) [11] and, therefore, a marker 
for disease and disease activity is still lacking. 
In this current analysis, we hypothesised that 
local cytokine secretion and production of 
other inflammation-associated factors play a 
major role in attracting circulation monocytes 
to the placenta. CHI is dominated by intervil-
lously “resting” histiocytes and only few T cells 
are present, while in VUE the intravillous infiltra-
tion is predominated by T cells and equivalent 
amounts of histiocytes [1-3, 6-12]. In VUE, the T 
cells are of maternal origin and induce activa-
tion of foetal histiocytes/Hofbauer cells, as 
could be demonstrated by XY fluorescence in 
situ hybridisation [3, 6, 16]. In CHI, as could be 
expected, histiocytes are of maternal origin 
and a significant involvement of foetal histio-
cytes/Hofbauer cells could not be found [8]. It 
is remarkable that, despite striking histopatho-
logical differences and the different origin of 
involved leukocytes, on the one hand CHI 
shows only minor differences with normal pla-
centa and on the other hand only minor differ-
ences with VUE. While CCL2, a chemoattrac-
tant and activator of monocytes/histiocytes 
and T cells [17], and other inflammation-associ-
ated cytokines were not increased, we found an 
increase of TGFBR1 expression in CHI. This 
might indicate that up-regulation of inflamma-
tion-associated receptors could contribute to 
histiocytic accumulation by sensitising the cells 
for local cytokines such as TGFB1 and TGFB2. 
In addition to TGFBR1, MMP9 was increased in 
CHI. Leukocyte-derived MMP9 is activated via 
MMP13 by MMP2 and MMP9 and MMP2 share 
similar functions [18]. Both factors can not only 
cleave extracellular matrix components but 
also cytokines such as tumour necrosis factor 
and TGFB1 [18]. However, MMP2 production 
was not deregulated and MMP13 was not 
expressed, neither in CHI nor in VUE or con-
trols. In addition to its cleavage function, MMP9 
is involved in haematopoietic stem cell mobili-

sation [18], while another factor which also 
mobilises cells, IL8, was not markedly up-regu-
lated in CHI. Furthermore, MMP9 is not specifi-
cally involved in CHI but can also be detected in 
acute chorioamnionitis [19]. Taken together, 
TGFBR1 and MMP9 can contribute to CHI but 
are unlikely to be the major drivers of histiocytic 
accumulation.

VUE showed up-regulation of a different set of 
cytokines than CHI, including CXCL9 and CCL5. 
The only study which has analysed cytokine 
expression in VUE also revealed increased 
expression of CXCL9 and CCL5 as well as up-
regulation of CXCL10, CXCL11, CXCL13, CCL4, 
CXCR3 and CCR5 [20]. In our analysis, we also 
found elevated levels of CXCL10 and CCL4 in 
VUE and CHI but, in comparison to controls, the 
differences were not significant (CXCL11, 
CXCL13 and CXCR3 were not part of the analy-
sis platform used in our study). Paralleling the 
inflammatory processes in the stroma of the 
villi, TIPM2 were increased in VUE while MMP14 
was decreased, which is likely to be associated 
with focal matrix remodelling in the affected 
villi. Of note, although focal CHI showed an 
expression profile similar to VUE, these two 
genes were not specifically increased/
decreased in focal CHI since histiocytes did not 
invade the stroma. 

The discrepancy of massive histiocytic accumu-
lation and the lack of striking up-regulation of 
cytokines (e.g. CCL2) and other factors might 
be the basis of the non-destructive behaviour 
of the histiocytes and prevent tissue infiltration 
and increased attraction of other leukocytes. 

Administration of low-dose acetyl salicylic acid 
(ASA) helps to prevent severe preeclampsia 
and foetal growth retardation [21] and ASA in 
combination with corticoids or corticoids alone 
can also prevent CHI and VUE [12]. However, 
the therapeutic result regarding CHI and VUE 
are based on case reports [12, 21]. In our study, 
we found very low expression levels of the ASA-
target gene prostaglandin-endoperoxide syn-
thase 1 (PTGS1/COX1). It cannot be excluded 
that PTGS1 proteins, for example in platelets, 
could be targeted by ASA and prevent fibrin 
accumulation. In summary, our knowledge on 
prevention is still sparse. 

It will be interesting to continue the research on 
CHI by evaluating leukocyte adhesion mole-
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cules and receptors while, due to the rarity of 
this placenta lesion and therefore limited sam-
ples, serum profiling of proteins will be difficult. 
However, even up-regulation of such molecules 
might be secondary to a still unknown (autoim-
mune) trigger which is responsible for this 
unusual histiocytic disease. 

Conclusion

CHI is a rare disease of still unknown aetiology 
which is associated with increased MMP9 and 
TGFBR1 expression in a subfraction of cases, 
but CHI is not mediated by CCL2 or other 
inflammation-associated factors. Therefore a 
chemokine suitable for the diagnosis of CHI or 
clinical management in pregnancy is not yet 
available.
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Supplementary Table 1. Mean expression levels of inflammation-associated genes
Official gene 
abbreviation

CHI (n = 5), median 
28 weeks of gestation 
(range 19-33) 

VUE (n = 4), median 
37 weeks of gestation 
(range 35-39) 

Control (n = 7), median 
30 weeks of gestation 
(range 20-38) 

p < 0.05 (*)
p > 0.05 (n.s.)

BMP1 0.94 1.37 0.53 n.s.
BMP2 0.34 0.20 0.15 n.s.
BMP4 0.48 0.51 0.45 n.s.
BMP6 Not detectable Not detectable 0.09 n.s.
BMP7 0.64 0.32 0.30 n.s.
BMPR1B 5.47 5.52 0.27 n.s.
BMPR2 0.54 0.61 1.33 n.s.
CCL2 0.12 0.26 0.07 n.s.
CCL3 3.62 3.93 0.17 n.s.
CCL4 0.10 0.28 0.01 n.s.
CCL5 0.36 0.95 0.14 VUE versus controls*

COL1A2 0.70 0.24 0.39 n.s.
COL3A1 4.43 3.46 9.26 n.s.
COL4A1 1.15 0.71 0.97 n.s.
CSF3 0.02 Not detectable Not detectable n.s.
CXCL9 6.15 18.09 1.37 VUE versus controls*

CXCL10 0.59 0.32 0.04 n.s.
CXCL12 0.08 0.25 0.02 VUE versus controls*

CXCR1 0.01 Not detectable 0.08 n.s.
CXCR2 0.11 0.02 0.05 n.s.
CXCR4 0.26 0.28 1.38 n.s.
EDN1 0.28 0.25 0.13 n.s.
FGF1 0.03 0.00 0.02 n.s.
FGF2 0.02 0.01 0.05 n.s.
FOXP3 0.05 0.13 Not detectable n.s.
HGF 2.87 1.58 2.84 n.s.
IGF1 0.11 0.40 0.11 n.s.
IL1B 0.03 0.01 n.s.
IL2RA 0.15 0.61 0.26 n.s.
IL3 Not detectable Not detectable Not detectable n.s.
IL4 Not detectable Not detectable Not detectable n.s.
IL6 0.07 0.09 0.13 n.s.
IL8 0.28 0.19 0.83 n.s.
IL12A 0.00 0.00 Not detectable n.s.
IL13 Not detectable Not detectable Not detectable n.s.
IL15 0.00 Not detectable Not detectable n.s.
IL17A Not detectable Not detectable Not detectable n.s.
LIF 0.05 0.12 0.14 n.s.
LOX 0.37 0.29 0.23 n.s.
MMP1 0.20 0.02 0.02 n.s.
MMP2 0.79 0.36 0.80 n.s.
MMP9 1.32 0.37 0.12 CHI versus controls*

MMP11 1.73 3.64 2.60 n.s.

MMP13 Not detectable Not detectable Not detectable n.s.

MMP14 1.96 0.73 1.45 VUE versus CHI*
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NOG 0.04 0.21 2.54 n.s.
PDGFA 0.18 0.52 0.41 n.s.
PLAT 0.46 0.28 0.23 n.s.
PLAUR 1.92 2.14 1.96 n.s.
PLOD2 0.03 Not detectable 0.49 n.s.
PTK2 1.67 0.67 0.43 n.s.
SERPINE1 3.32 3.53 4.38 n.s.
SMAD1 0.08 0.08 0.29 n.s.
SMAD3 0.47 0.29 0.41 n.s.
SMAD4 0.61 0.71 0.20 n.s.
SMAD5 0.15 0.13 0.07 n.s.
TGFB1 6.08 6.57 4.33 n.s.
TGFB2 0.35 Not detectable 0.03 n.s.
TGFB3 0.15 0.04 0.53 n.s.
TGFBR1 1.01 0.29 0.17 CHI versus controls*

TGFBR2 0.52 0.61 0.62 n.s.
THBS1 6.70 8.08 6.15 n.s.
THPO Not detectable Not detectable Not detectable n.s.
TIMP1 6.30 16.02 4.90 VUE versus controls*

TIMP2 2.29 2.03 2.05 n.s.
TNF 0.02 Not detectable Not detectable n.s.
VEGFA 0.16 0.31 1.88 n.s.

Supplementary Table 2. Mean expression levels of angiogenesis-associated genes
Official gene abbreviation CHI (n = 4), median 27.5 

weeks of gestation (range 
19-33) 

Controls (n = 3), median 25 
weeks of gestation (range 
20-33) 

p < 0.05 (*)
p > 0.05 (n.s.)

ANGPT1 0.02 0.01 n.s.
ANGPT2 0.04 0.21 n.s.
ANGPTL1 0.00 0.01 n.s.
ANGPTL4 0.09 0.31 n.s.
BAI1 0.13 0.16 n.s.
CAV2 0.25 0.28 n.s.
CDK1 0.01 0.01 n.s.
CXCL1 0.09 0.09 n.s.
EPHB4 0.18 0.10 n.s.
FGFR1 0.81 0.94 n.s.
FIGF Not detectable Not detectable n.s.
FLT1 3.12 1.57 n.s.
FLT4 0.08 0.00 n.s.
GREM1 Not detectable Not detectable n.s.
HIF1A 1.26 1.18 n.s.
KDR 0.55 0.50 n.s.
LECT1 Not detectable Not detectable n.s.
MDK 0.03 0.01 n.s.
NOS3 0.16 0.06 n.s.
NOTCH4 0.20 0.16 n.s.
NOX4 0.02 Not detectable n.s.
NRP1 0.10 0.06 n.s.
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OLR1 0.22 0.13 n.s.
PDGFRA 0.18 0.08 n.s.
PDPN 2.05 2.22 n.s.
PECAM1 3.57 3.13 n.s.
PTGS1 0.02 0.00 n.s.
PTRF 1.30 1.20 n.s.
S1PR1 0.13 0.03 n.s.
STAB1 0.40 0.24 n.s.
TEK 0.32 0.16 n.s.
TNFAIP2 0.01 Not detectable n.s.
TYMP 0.14 0.02 n.s.
VCAM1 0.23 0.34 n.s.
VEGFC 0.18 0.10 n.s.

Supplementary Figure 1. Cluster analysis of the inflammation-associated gene expression profile in CHI, VUE and 
normal placenta.


