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Severe intrauterine growth restriction (IUGR) is char-
acterized by abnormal placentation. Mouse gene
knockout studies show that an absence of either he-
patocyte growth factor (HGF) or its receptor, c-met ,
leads to intrauterine death secondary to severe IUGR
with deficient placentation. In this study, immunocy-
tochemistry localized HGF protein throughout pla-
cental villi across gestation, whereas c-met protein
was localized only to the perivillous trophoblast and
vascular endothelium. Within the IUGR placentae, a
reduction in HGF immunostaining within the villous
stroma was observed. HGF mRNA was strongly ex-
pressed in the perivascular tissue around the stem
villous arteries throughout gestation, with weaker ex-
pression within the villous stroma and the terminal
villi. c-met mRNA expression was limited to the peri-
villous trophoblast, particularly in the first trimester,
with only a faint hybridization signal from the villous
stroma. Placental mRNA expression was examined
quantitatively using a ribonuclease protection assay:
HGF and c-met mRNA expression increased from the
first to the second trimester, reaching a zenith before
decreasing again through the third trimester to term.
HGF mRNA levels were significantly reduced in the
IUGR placentae (P 5 0.036), whereas c-met mRNA
expression was within the normal range for gesta-
tion. These findings suggest that HGF derived from
the perivascular tissue of stem villous arteries may
play an important role in controlling normal villous
development. Whereas reduced expression of HGF
within IUGR placentae does not prove a causative link
with abnormal villous development, the association
lends support to this possibility. (Am J Pathol 1998,
153:1139–1147)

Intrauterine growth restriction (IUGR) remains a major
cause of perinatal morbidity and mortality. A specific
cohort of pregnancies with IUGR secondary to uteropla-
cental insufficiency is particularly at risk because of poor
placental function.1 These pregnancies are character-
ized by abnormal placentation, abnormal umbilical artery
diastolic velocities, and reduced liquor.2 The placentae
from these pregnancies are significantly smaller than
those of controls, with a diminished mean placental sur-
face area and specific morphological abnormalities, in-
cluding reduced cytotrophoblast proliferation, smaller
terminal villi, and abnormal villous vasculature.3

Hepatocyte growth factor (HGF) is a secreted heparin-
binding glycoprotein that was originally identified from rat
platelets on the basis of its ability to stimulate mitogenesis
in hepatocytes.4 It is now known to be a multifunctional
cytokine with angiogenic properties, which variously reg-
ulates growth, motility, and morphogenesis in receptive
cells.5–7 All these functions are potentially important in
placentation, in which proliferation and cellular orienta-
tion of trophoblast, mesenchyme, and vascular endothe-
lia are required.

HGF is secreted as an inactive, single-chain 92-kd
glycoprotein by cells of embryological mesenchymal or-
igin. The active form, a heterodimer consisting of a heavy
a chain (55–65 kd) and light b chain (32–36 kd), results
from proteolytic cleavage of the precursor, which is
thrombin dependent.8,9

The biological effects of HGF are mediated by its high-
affinity receptor, c-met, a trans-membranous protein en-
coded by the MET proto-oncogene.10 c-met undergoes
proteolytic cleavage before expression on the cell sur-
face as a heterodimeric protein. It consists of an extra-
cellular 50-kd a chain and a 145-kd b chain that has
extracellular, trans-membranous, and intracellular re-
gions. The intracellular domain of the b subunit contains
a tyrosine kinase domain and sites for autophosphoryla-
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tion through which the cellular effects of c-met are medi-
ated.10,11 c-met is expressed by many epithelial cell
types, as well as vascular endothelium.12

The biological activities and expression of HGF and its
receptor in embryonic life suggest an important role for
them in mesenchymal-epithelial interactions during orga-
nogenesis.12–14 Direct evidence on the essential role of
HGF/c-met in embryogenesis comes from recent exper-
iments in mice using gene knockout techniques. Mice
heterozygous for the disrupted gene (HGF or c-met) were
phenotypically normal, whereas those homozygous for
the defect became severely growth restricted in the sec-
ond trimester, resulting in universal lethality by the early
third trimester.15–17 The placentae of mutant embryos
were much smaller than normal and had a poorly devel-
oped labyrinthine region. The key abnormality was se-
vere depletion of the labyrinthine trophoblast cells, ho-
mologous to the perivillous trophoblast in human
placentae, combined with poor vascularization of this
region.

HGF and c-met mRNA and protein have previously
been localized in both first trimester and term human
placentae.18–20 In this study, we report for the first time
their cellular localization and quantitative expression in
the placentae of human pregnancies throughout gesta-
tion. We also note changes in cellular distribution and
expression of HGF and c-met in pregnancies compli-
cated by severe IUGR.

Materials and Methods

Tissue Collection

Placentae were obtained from normal first, second, and
third trimester pregnancies and also pregnancies com-
plicated by severe IUGR (see Table 1). First and second
trimester placentae were obtained after surgical termina-
tion of pregnancy; other placentas were obtained after
nonlaboring cesarean section. Growth-restricted fetuses
were identified prospectively using ultrasound, and the
diagnosis used in our study was based on the following
criteria: 1) either an estimated fetal weight of below the
third centile for gestational age or serial growth measure-
ments indicating decreased growth velocity .1.5 stan-
dard deviations, 2) absent or significantly reduced um-
bilical artery end diastolic blood flow, and 3) reduced
liquor volume.21

Full-thickness placental biopsies were taken from a
central location lying between the basal and chorionic
plates. The samples of fresh placental tissue were di-
vided into small pieces and thoroughly washed in phos-
phate-buffered 0.9% saline (PBS). Tissues were variously
preserved: for immunocytochemistry, biopsies were fixed
in Formalin before embedding in paraffin wax; for in situ
hybridization, they were fixed in 4% paraformaldehyde
for 24 hours before being washed, snap frozen in Cryo-
Embed (Bright Instrument Co., Huntingdon, UK) and
stored at 270°C; for protein or RNA extraction, they were
snap frozen in liquid nitrogen immediately after collection
and stored at 270°C. Ethical approval for tissue collec-

tion was obtained from the South Birmingham Ethical
Committee.

Western Immunoblotting

Total protein was extracted from snap-frozen placental
tissue using a lysis buffer (50 mmol/L Tris-HCl (pH 8.0),
1% Triton X-100, 0.1% sodium dodecyl sulfate, 250
mmol/L NaCl, and 5 mmol/L ethylenediaminetetraacetic
acid) containing 40 mg/ml phenylmethysulfonyl fluoride,
5 mg/ml pepstatin, and 5 mg/ml leupeptin. Protein con-
centration was calculated spectrophotometrically at 595
nm using a Coomassie blue reagent and human albumin
standards. Analysis was performed using sodium dode-
cyl sulfate-polyacrylamide gel electrophoresis on discon-
tinuous acrylamide gels according to the method of
Laemmli,22 using the Mini Protean II System (Bio-Rad,
Herts, UK). One hundred micrograms of protein was
applied per lane under reducing conditions, and biotin-
ylated molecular weight markers (Bio-Rad) were run in
parallel lanes.

After electrophoresis, proteins were transferred to ni-
trocellulose membranes, which were then blocked for
nonspecific binding with a solution containing 5% nonfat
milk, 0.1% bovine serum albumin, 0.1% Tween 20, and
PBS. Membranes were incubated with a primary antibody
(anti-HGF (1 in 2000): rabbit polyclonal antibody raised
against human HGF, supplied by Dr T. Ishii (Mitsubushi
Kasei Corp., Yokohamu, Japan); anti-c-met (1 in 500):
affinity-purified rabbit polyclonal antibody raised against
a peptide that corresponds to the C-12 terminal amino
acids of the human c-met p140 (anti h-met) (Santa Cruz
Biotechnology Inc., Santa Cruz, CA)). Antibody binding
was visualized using a secondary antibody (peroxide-
conjugated goat anti-rabbit (1 in 2000): Dako Ltd., Bucks,
UK) with an enhanced chemiluminescence system (Am-
ersham International, Bucks, UK) and recorded by expo-
sure to preflashed film (Hyperfilm-ECL, Amersham Inter-
national). The specificity of secondary antibody binding
was tested by performing no-primary controls, which
were negative (data not shown). The biotinylated molec-
ular weight markers were visualized separately by incu-
bating with an avidin-horseradish peroxidase complex
(Bio-Rad, Richmond, CA) followed by enhanced chemi-
luminescence as above.

Immunocytochemistry

Immunocytochemistry was performed as described pre-
viously.18 Serial 3-mm sections of Formalin-fixed, paraffin-
embedded tissue were deparaffinized with xylene and
then rehydrated, and endogenous peroxidase activity
was quenched by the addition of 0.3% (v/v) hydrogen
peroxide. Primary antibodies were as above, anti-HGF (1
in 25) and anti c-met (1 in 5). Amplification of the primary
antibody reaction was achieved by incubation with an
appropriate secondary antibody, followed by a complex
of streptavidin and biotinylated peroxidase. The binding
was visualized by incubating the sections with diamino-
benzidine and hydrogen peroxide in PBS. Sections were
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counterstained with Mayer’s hematoxylin, dehydrated,
and mounted. Negative control reactions were performed
by omitting the primary antibodies and also, for anti-HGF,
by preabsorbing the primary antibody with an excess of
recombinant HGF.

Ribonuclease Protection Assay

Total RNA was extracted from snap-frozen placental tis-
sue by the guanidinium thiocyanate/acid phenol extrac-
tion method and quantified spectrophotometrically at 260
nm.23 [32P]CTP-labeled anti-sense riboprobes (specific
activity ;4 3 108 cpm/ml) for HGF (677 bp) and c-met
(500 bp) were constructed from plasmid-derived cDNAs
that we have described previously.18 The pTRI-b-actin
control template (Ambion, Whitney, UK) was used to
construct a 298-bp [32P]CTP-labeled anti-sense ribo-
probe (specific activity ;5 3 107 cpm/ml) corresponding
to a fragment of human cytoplasmic actin. This was used
as a constitutively expressed gene product to control for
differences in RNA loading, allowing comparison of HGF
and c-met mRNA expression between RNA samples run
on the same gel. A total of 34 placental samples were
analyzed on five gels; to allow comparison of results
between gels, a minimum of 4 identical placental control
samples were run on each gel. The assay was performed
as described previously.24

Sample RNA (20 mg) was mixed with the three ribo-
probes (HGF and c-met, ;1 3 105 cpm; b-actin, ;2 3
104 cpm), precipitated with ethanol and redissolved in
hybridization buffer. Samples were then denatured at
90°C and incubated overnight at 45°C. Nonhybridized
RNA was removed by incubating with an RNase diges-
tion buffer, which was subsequently inactivated by the
addition of proteinase K. After phenol-chloroform extrac-
tion and ethanol precipitation, the RNA was resuspended
in loading buffer, denatured at 85°C, and electropho-
resed on a polyacrylamide/urea gel. The gels were then
washed, transferred to chromatography paper, and dried
under vacuum. Autoradiography was performed using
preflashed X-ray film (Hyperfilm MP, Amersham Interna-
tional) with intensifying screens at 270°C for 1 to 6 days.
Quantification of autoradiographic signals was per-
formed by densitometric analysis (area under the curve),
and transcripts detected were assigned relative densito-
metric units. The ratio of HGF/actin and c-met/actin was
then calculated for each sample. A positive and negative
control reaction was carried out for each experiment

using yeast tRNA in the presence and absence of the
RNase digestion buffer.

In Situ Hybridization

In situ hybridization for both HGF and c-met was per-
formed on 6-mm sections of paraformaldehyde-fixed, fro-
zen tissues as previously described.18 [35S]UTP-labeled
riboprobes (both sense and anti-sense) were synthe-
sized from a 677-bp cDNA for HGF and a 500-bp cDNA
for c-met. Sense and anti-sense hybridizations were per-
formed on serial sections, with the sense riboprobe act-
ing as a negative control to demonstrate any nonspecific
hybridization. The hybridized sections were dipped into
radiographic emulsion (Ilford K5, Mobberley, UK) and
stored at 4°C for 14 to 21 days, before developing and
counterstaining with hematoxylin and eosin.

Statistics

Normal distribution of results was not assumed. The
Kruskal-Wallis test was used to compare groups of me-
dians, Dunn’s multiple comparison test for posthoc anal-
ysis, and the Mann-Whitney test to compare unpaired
groups. All calculations were performed using a com-
puter analysis package (Prism 2.0, GraphPad Software,
San Diego, CA).

Results

Table 1 summarizes the clinical data from early gesta-
tional, uncomplicated third trimester, and IUGR groups.

Cellular Localization of HGF and c-met

Western immunoblotting using protein lysates from pla-
cental tissue under reducing conditions revealed bands
of appropriate sizes for HGF and c-met throughout ges-
tation and in the presence of IUGR, confirming specificity
of the antibodies (Figure 1).

In first trimester placental tissue, the perivillous tropho-
blast was immunopositive to HGF, with the syncytiotro-
phoblast demonstrating slightly stronger staining than the
cytotrophoblast (Figure 2A). The mesenchymal core was
relatively loosely structured but also showed immunore-
active staining to HGF along with the Hofbauer cells. The
corresponding section immunostained with anti c-met

Table 1. Clinical Details of Pregnancies from Which Placenta Were Examined

Trimester

IUGR Gestation matchedFirst Second Third

Number (n) 8 5 15 6 9
Gestation (weeks) 11 (9–13) 16 (14–17) 37 (27–41) 31 (26–38) 32 (27–38)
Birth weight (g) NA NA 2905 (1100–3860) 1083 (595–2060) 1700 (1084–3360)
AEDF NA NA 0 5 0
Oligohydramnious 0 0 0 6 0

Median (range) gestational age and birth weight are displayed. AEDF, number with absent end diastolic flow (in the umbilical artery);
oligohydramnios, number with maximum depth of liquor ,2 cm; NA, not applicable.
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antibody demonstrated similarly intense immunolocaliza-
tion in the trophoblast layer, but with little apparent dif-
ference between cytotrophoblast and syncytiotropho-
blast (Figure 2B). Little stromal immunostaining to c-met
was noted other than in the vascular endothelium. Both
HGF and c-met were also immunolocalized within the
decidua (Figure 2, C and D). In control sections no pos-
itive staining was found when the primary antibody was
omitted (Figure 2E). Similarly, no immunostaining was
observed when the antiserum was preabsorbed by ex-
cess of HGF (data not shown).

In normal third trimester placentae, HGF immunostain-
ing was most intense in the fused syncytioblast/cytotro-
phoblast layer surrounding the villi (Figure 3A). There was
also positive immunoreactivity to HGF in the mesenchy-
mal villous core and endothelial cells lining the vascula-
ture. c-met immunoreactivity was strongest in the fused
syncytioblast/cytotrophoblast but was also evident
around vascular endothelium (Figure 3B).

In IUGR placentae HGF immunolocalization was simi-
lar to that in normal placentae; however, the immuno-
staining intensity appeared reduced in the mesenchymal
stroma (Figure 3C). A blinded operator reviewing the
tissue sections qualitatively scored this (Table 2) and
showed that HGF immunostaining within the stroma ap-
peared reduced in the IUGR placentae compared with
normal controls. In serial sections immunostained for c-
met, no discernible alteration in localization or intensity
was noted (Figure 3D).

Expression of mRNA for HGF and c-met in
Placental Tissues

Figure 4 shows the quantification of mRNA levels in ges-
tational placental tissues using the ribonuclease protec-
tion assay. Both HGF and c-met mRNA expression in-
creased from the first to the second trimester, when they
were maximally expressed, before falling to their lowest
levels at term (Figures 5A and 6A). Within IUGR placen-
tae, HGF mRNA was significantly reduced when com-
pared with gestationally matched normal controls (Figure
5B), whereas c-met mRNA levels were within normal lim-
its for gestation (Figure 6B).

In situ hybridization studies from the first trimester re-
veal HGF mRNA to be localized to the villous stroma, and
in particular to the perivascular tissue (Figure 7, A and B),
with no signal from either cytotrophoblast or syncytiotro-
phoblast. Contrasting this, c-met mRNA is clearly local-
ized to the perivillous trophoblast with little signal from the
stroma (Figure 7, C and D). In the third trimester, the
localization of HGF to the perivascular tissue around
the vasculature of the stem villi is clearly demonstrated,
with a much weaker signal from the stroma of the terminal
villi (Figure 7, E and F). The c-met hybridization signal in
the third trimester is less marked but is still visible local-
izing to the fused syncitioblast/cytotrophoblast mem-
brane of both the stem and terminal villi (Figure 7, G and
H). No discernible difference in the localization of HGF
and c-met mRNA in IUGR placentae was observed (data
not shown).

Discussion

HGF is a potent stimulator of both cell proliferation and
DNA synthesis in receptive cells, including trophoblast
and microvascular endothelium.5,25,26 It also increases
cell motility and has both chemotactic and chemokinetic
properties.27 On epithelial and endothelial cells (which
often express the c-met receptor), transduction via ty-
rosine kinase produces increased cell division and DNA
synthesis together with morphogenic effects, including
the formation of branching tubular structures.28 In vitro
experiments using corneal implants have demonstrated
that HGF is also a potent angiogenic factor.25,29 Such
effects would have potential biological importance if HGF
were to influence placental development.

This study describes the co-localization of HGF and
c-met mRNA in human placentae through gestation. Pre-
vious work identified the villous perivascular stroma as
the primary site of HGF production within term placen-
tae.18 These results show that the perivascular stroma
within immature stem villi from the 8th week of gestation
onward may be an important source of HGF. As the
placenta matures an intense hybridization signal sur-
rounds the larger, muscle-walled villous arteries in the
stem villi, with little signal from the terminal villi. Perivas-
cular smooth muscle has previously been identified as a
potent source of HGF,30 and these in situ hybridization
studies suggest that it may be the main source of pla-
cental HGF. The high-affinity receptor for HGF, c-met,
appears to be produced in the villous trophoblast layer,
and in situ hybridization studies show localization in this
area throughout gestation. This signal includes the tro-
phoblast surrounding the terminal villi in later gestation
(the site of continuing villous growth and development),
contrasting the localization of HGF mRNA.

Successful pregnancy depends on placental growth
and development, with trophoblast proliferation, decidual
interaction, and vasculogenesis being important early in
gestation.31,32 As gestation increases, maternofetal ex-
change of oxygen, nutrients, and waste products are
optimized by a progressive increase in total villous sur-
face area and vasculature.33 This is matched by de-

Figure 1. Autoradiographs of Western immunoblots run under reducing
conditions using placental protein lysates from first (T1), second (T2), and
third (T3) trimesters and IUGR. The HGF antibody reveals a major band of
;64 kd, equivalent to the a chain of HGF, with a weaker band at ;92 kd,
equivalent to unreduced dimeric HGF. Bands of similar size are seen with the
recombinant active (dimeric) HGF. The h-met antibody reveals a single band
of ;145 kd, equivalent to the b chain of c-met. Under nonreducing condi-
tions (data not shown), a single 190-kd band, equivalent to the full-length
molecule, was found.
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creasing thickness of both trophoblast and stromal com-
ponents of the fetomaternal vascular barrier. It was
postulated that capillary loop elongation within interme-
diate villi may have a key role to play in the placental
remodeling that occurs throughout gestation,34 and this
has been confirmed both stereologically and morpholog-
ically.33

HGF protein immunolocalization was observed in the
trophoblast bilayer of the villus in first trimester placentae
and was particularly intense in the syncytiotrophoblast.
We have previously described the cellular localization of
HGF in third trimester placentae.18 Such immunolocaliza-

tion of HGF protein was reconfirmed with intense staining
of the fused syncytioblast/cytotrophoblast membrane
and immunolocalization within the villous core. The stro-
mal immunostaining for HGF protein seems to increase
with gestation, being most intense in normal third trimes-
ter placentae.

c-met protein immunostaining was demonstrable on
both the trophoblast and the vascular endothelial cells in
first and third trimester placental villi. Although localiza-
tion to the endothelium was not confirmed by in situ hy-
bridization, this finding is consistent with previous studies
in placenta and other fetal and adult tissues.12,14,29,35

Figure 2. In the first trimester villus, the syncitiotrophoblast (Sy) and cytotro-
phoblast (Cy) layers of the villus were stained immunopositive to HGF (A)
and c-met (B). The mesenchymal stromal core (str) was relatively loosely
structured and stained positively for HGF along with the Hofbauer cells (H).
The vascular endothelium (endo) stained weakly positive for both HGF (C)
and c-met (D). Control sections (see text) were negative (E).

Reduced Placental Expression of HGF in IUGR 1143
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The c-met immunoreactivity does not seem to alter in its
pattern of localization with increasing gestation. The co-
localization of c-met protein and mRNA in the tropho-
blast18,19 indicates that HGF-induced DNA synthesis in
this cell type may be secondary to receptor interac-
tion,26,36 and it is likely that the immunolocalization of
HGF to these cells (and also to the decidua) represents
receptor-bound antigen. It may be that HGF is a cytokine

that, at least in part, mediates cytotrophoblast prolifera-
tion and differentiation. However, although HGF has been
shown to stimulate DNA synthesis in primary cultured
cytotrophoblasts, the production of human placental lac-
togen secreted from the fully differentiated syncitial layer
did not increase with increasing HGF concentrations.26

This implies that HGF may be more important in stimulat-
ing cytotrophoblast proliferation than in inducing differ-

Figure 3. In placentae from uncomplicated third trimester pregnancies, positive cytoplasmic staining was identified using anti-HGF antibody (A), most intensely
in the syncytium (Sy). There was also positive immunoreactivity to HGF in the endothelial cells (endo) lining the vasculature of the villi and the cells within the
mesenchymal stromal core (str). B: c-met immunolocalization is primarily to the vascular endothelium (endo) within villi and to the syncytium (Sy) around the
villi. In third trimester placentae complicated by IUGR, HGF immunoreactivity was localized in the same tissue types as in placentae of “uncomplicated”
pregnancies (C). However, the HGF immunostaining intensity was less marked in the mesenchymal stroma. In serial sections immunostained for c-met, there was
no discernible alteration in either localization or intensity (D).

Table 2. Immunostaining to HGF and c-met in Normal and IUGR Placentae

Tissue

Immunostaining intensity

Normal (n 5 6) IUGR (n 5 6)

HGF c-met HGF c-met

Syncytium 111 111 111 111
Villous stroma 111 2 1 2
Villous endothelium 11 11 11 11
Decidual cells 11 11 11 11
Hofbauer cells 111 2 111 2
Amnion/chorion 111 111 111 11

One of the authors (X-FL), blinded to the origin of the sections, graded the intensity of immunostaining in each of the placental cell types. Staining
was graded as intense (1111), strong (111), moderate (11), weak (1) and absent (2) compared with the negative control section.
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entiation. The localization of HGF mRNA to the perivas-
cular stroma of the stem villi, and of HGF protein to the
villous stroma and perivillous trophoblast, is consistent
with a role for HGF as a secreted mitogen/morphogen

acting on trophoblast cells, which express both c-met
mRNA and protein.36

In rat placentae, quantitative mRNA expression (mea-
sured by Northern blotting) for both HGF and c-met was
higher at the beginning of pregnancy (day 6) than at the
end.37 Similarly, the scatter activity (in vitro assay)
showed a relative decrease (per mg of protein) toward
the end of gestation. In human placenta, this study has
shown (using an RNase protection assay) that HGF
mRNA levels increase significantly from the first to the
second trimester, reaching a zenith, and then fall in the
third trimester. These results are consistent with previous
work reporting amniotic fluid concentrations of HGF to be
maximal during the second trimester of human pregnan-
cy.38 The current study also demonstrates a significant
increase in placental c-met mRNA expression from the
first to the second trimester, when it too reaches a peak
before falling toward term. The gestational age of the
second trimester placental samples had a range be-
tween 14 and 17 weeks; significantly, this is the time

Figure 4. Example of an autoradiograph of the ribonuclease protection
assay. The signals of the protected fragments were quantified using computer
densitometry in placentae from first, second, and third trimesters and IUGR.
The actin RNA probe has been used as an internal control to correct for
variations in RNA loading between lanes. The results are expressed as
arbitrary optical units for HGF/actin and c-met/actin. A total of 34 placental
samples were analyzed on five gels using common control samples to allow
direct comparison.

Figure 5. Quantification of HGF mRNA using the ribonuclease protection assay. A: Normal placenta from first (T1), second (T2), and third (T3) trimester placenta.
P 5 0.0008 (Kruskal-Wallis test, statistic 5 14.28). **P , 0.001 (Dunn’s multiple comparison test, D rank sum 5 15.40). B: IUGR and gestationally matched third
trimester placenta. *P 5 0.036 (Mann-Whitney test, two-tailed P value, U 5 9.0). Box and whisker plots are shown, indicating medians, interquartile ranges, and
total ranges.

Figure 6. Quantification of c-met mRNA using the ribonuclease protection assay. A: Normal placenta from first (T1), second (T2), and third (T3) trimester placenta.
*P 5 0.006 (Kruskal-Wallis test, statistic 5 10.22). **P , 0.005 (Dunn’s multiple comparison test, D rank sum 5 11.40). B: IUGR and gestationally matched third
trimester placenta. #P 5 0.53 (Mann-Whitney test, two-tailed P value, U 5 21.0). Box and whisker plots are shown, indicating medians, interquartile ranges, and
total ranges.
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when trophoblast proliferation and invasion, and placen-
tal angiogenesis, are at their greatest.

Recent genetic studies using homologous recombina-
tion to knock out one parental gene encoding HGF in
mice have indicated that exon 5, which encodes the first
kringle domain and is essential for the biological activities
of HGF, is vital for placental and fetal growth in mice.17

Homozygotes demonstrated poor fetal growth and defi-
cient placentation with an abnormal spongeotrophoblast
cell type. This ended in embryonic lethality two-thirds of
the way through pregnancy. Identical results were ob-
tained when exon 2 was disrupted.16 These data indicate
that in mice, functional HGF expression is required for
normal placentation to occur.

This study describes a subjective reduction in stromal
immunolocalization of HGF protein and a quantitative
reduction in mRNA in human placentae from pregnancies
complicated by IUGR. Factors regulating placental HGF
production remain unclear. Recent studies describing
microdissection of placental villi have indicated that HGF
production by the villous core is reduced by removal of
the covering trophoblast.20 It is possible that the cytotro-
phoblast stem cells in the intact placental villi are in some
way responsible for regulating villous core HGF produc-
tion. However, the study in question concentrated on
villous core fibroblasts as the source of HGF. Given the
evidence presented here, further investigation into inter-

actions between stem villous perivascular stroma and
trophoblast is needed.

The cohort of IUGR pregnancies studied were toward
the severe end of the spectrum, with the fetuses demon-
strating reduced growth by the late second and early
third trimester. The placentae of these pregnancies have
been reported as having reduced villous tree elaboration
and diminished surface area stereologically, and these
findings were particularly pronounced in those subjects
with abnormal Doppler velocimetry.3 We have not proven
a causative link between severe IUGR and reduced HGF
expression, and it may be that this finding is merely a
reflection of the abnormal villous morphology. However,
the mouse gene knockout experiments do provide cir-
cumstantial evidence that HGF itself may be responsible
for the maldevelopment of these placentae.
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