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CMV : cytomegalovirus

TORCH : toxoplasmosis,
other infection, rubella,
cytomegalovirus infection,
and herpes simplex
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Abstract
Background. Human cytomegalovirus (HCMV) is the major viral etiology of congenital infection

and birth defects. Fetal transmission is high (30-40%) in primary maternal infection, an‘dj .

symptomatic babies have permanent neurological, hearing and vision defects. Recurrent -

infection is infrequently transmitted (2%) and largely asymptomatic. Congenitaliiii(hféct' n

associated with intrauterine growth restriction (IUGR).
Methods. To investigate possible underlying HCMV infectibn in cases of | iopathic IUGR, we
studied maternal and cord sera and placentas from 19 pregnancies. Ant {CMV antibodies,

hypoxia-related factors and cmvIL-10 were measured in sera. Pl cent biopsy specimens were

examined for viral DNA, expression of infected cell proteins and pgfghOlogy.

\'"rﬁ;ecurrent HCMYV infections. Virus

Results. Among 7 IUGR cases, we identified 2 primary a k

replicated in glandular epithelium and lymphatic?éndoihelium’ |n the decidua, cytotrophoblasts

and smooth muscle cells in blood vessels of fl illi and the chorion. Large fibrinoids with
avascular villi, edema and inflammation were Signiﬁcéntly increased. Detection of viral proteins
in the amniotic epithelium indicated trgpsiﬁxisgion in 2 cases of IUGR with primary infection and

3 asymptomatic recurrent infection

Conclusions. Congenital HCMV lfnf::" tlon impairs placental development and functions and

should be considered as gnupqérlying cause of IUGR, regardless of virus transmission to the
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INTRODUCTION

Human cytomegalovirus (HCMV) is the most common cause of congenital viral infeyé'tiyér), and

permanent birth defects in the United States and occurs more frequently than otherwell—known

disabilities, including Down syndrome, fetal alcohol syndrome and neural tube defects[1]

Primary maternal infection in the first trimester of pregnancy poses a 30%-40,%"\‘fi's‘k of virus

transmission with birth defects that include mental retardation, neurom
intrauterine growth restriction ({lUGR) and hearing loss [2-4]. Poor qytﬁy‘éo" s associated with

viral replication, inflammation, edema and fibrinoid development.i

the laéenta [5, 6]. In

>tyro '_ne kinase 1 (sFlt1), are elevated in amniotic fluid

ternal infection after seroconversion with hyperimmune

underlying congenital HCMV infection was involved. We found serological evidence of primary

and recurrent maternal infection, viral replication in blood vessels of floating villi and the chorion

and viral proteins in the amniotic epithelium. Development of large fibrinoids with avascular villi,
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edema and impaired cytotrophoblast differentiation reduced placental functions, resulting in

hypoxia and IUGR.

MATERIALS AND METHODS

Study Groups

Approval for this pilot study was obtained from the Institutional Review Boardfof‘C‘edars-Sinai

Medical Center. Samples included maternal and cord blood and placentas at dehvery from 9

uncomplicated deliveries (controls), 7 patients with IUGR, and 3 WIth 'p clamp3|a Subjects

included only non-smokers without diabetes or chronic hyperten ion. I i"‘GR was diagnosed
based on a pre-delivery clinical estimation of fetal weight, u‘l_y nd evaluanon [16] and birth

weight below the 10" percentile [15].

http://www.who.int/reproductivehealth/topics/be racti gs/,Wéight_percentiles_calculator.xls

Preeclampsia was defined as blood pressure ‘16,0/1;«1&0,‘fproteinuria, symptomatic with

headaches and visual disturbance, epigastric tenderness, abnormal laboratory findings or other

organ system dysfunction. Mean age Q'f controls was 32.8 + 6.2 years; pregnancies with [IUGR

(33.3 £ 4.7 years) and preeclampsia"* 2 .3+ 5.7 years) were similar.

HCMV Serological Assays E

HCMV IgM ELISA (Phoenlﬁ Pharmaceutlcals) HCMYV IgG avidity (Radim) and human IgG1
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gB1, gB2). When maternal serum was unavailable (4 cases), determination of HCMV serostatus

was based on reactivity of IgG in cord sera.

HCMV Neutralizing IgG Titers

Rapid neutralization assays were performed using the pathogenic clinical straln VR1‘.

propagated in human umbilical vein endothelial cells (HUVEC, Lonza) [17, ’18] ‘H VEC and

human placental fibroblasts isolated from villous stroma [19] were growﬂn_on,; 1SS coverslips in

24-well plates. Heat-inactivated sera were mixed with 300-500 PFU fo r before infection.

Cells were fixed 30 hr later and reacted with mouse mAb CH160 0 HCMYV IE1 and IE2 nuclear
proteins [20], then goat anti-mouse IgG (Fab) conjugated wi h uore ein isothiocyanate

(Jackson ImmunoResearch), and IE-positive cells were ¢ "r’jteq, Neutralizing titer (ICso) was
defined as the serum dilution reducing the num “ ctegd cells by 50%.
HCMV DNA Quantification

Biopsy specimens (5 each) were obtained- m the placenta and frozen at -80°C. DNA was

extracted (approximately 25 mg) using};‘QlAaﬁqp DNA mini kit (QIAGEN). Quantitative PCR

targeting the HCMV IE1 gene wa med using the Tagman Universal PCR Master Mix kit

(Applied Biosystems). Forward (5= GACTAGTGTGATGCTGGCCAAG) and reverse (5-
GCTACAATAGCCTCT C TCTG) primers were used with an internal probe (5’-

AGCCTGAGGTTA'&C TGTAATGAAGCGCC) labeled at the 5’ end with the fluorescent
reporter dye F M én the 3’ end with the quencher dye TAMRA. Assays were performed

using the A Prism 7900 Sequence Detection System (Applied Biosystems). A six-point

e and positive and negative controls were included. The numbers of HCMV IE
opies were calculated as copies/g tissue. In additional experiments, nested PCR was

done as\;‘?eported [21].
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Immunohistochemistry

Biopsy specimens (5 each) were obtained from placentas, fixed in formalin and paraffin o

embedded. For immunohistochemistry, serial 5 um-thick tissue sections were deparafﬁ i

Briefly, slides were incubated with biotinylated secondary antibody"xfOr“1 hr;

|am|n0benz|d’ne (DAB)

substrate kit (Abcam) and counterstained with hematoxyli (Si

follows: HCMV infected cell proteins (ICP), cocktail of;;m‘q,usgr:;;gnoclonal antibodies (Millipore
MAB8121, containing clones 8B1.2, 1G5.2, 2D4.2 ilu d1/100 for cytokeratin 7, mouse
monoclonal antibody (Dako clone OV-TL 12/30)d||uted1 /100; for smooth muscle alpha-actin
and smooth muscle myosin heavy chain rabbitu;;\’o'hoclonal antibodies (Abcam AB124964 and
AB133567) diluted 1/1000 and 1/200 ’:‘:espéqt’ively. Antigen retrieval was performed as follows:
HCMV ICP, tissue sections were cu ate with 0.4% pepsin (Sigma-Aldrich, P-6887) in 0.01 N
HCI for 30 min at 37°C thenrmsed c'ytgkeratin 7, smooth muscle alpha-actin and smooth

muscle myosin heavy chaln ides \'\J/vere heat treated (~15 min) in 10 mM sodium citrate, pH

sFIt1, placental growth factor (PIGF) and soluble endoglin (sEng) were measured in sera using

ELISA (Quantikine; R&D Systems). For in vitro assays, HUVEC were infected with VR1814 or
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mock infected. VEGF-A was depleted for 72 hr before harvesting conditioned medium (CM) at
2, 4 and 6 dpi, then stored at -80°C. cmvIL-10 was measured by ELISA. cmviL-10-specific IgG
(1 pg/ml; affinity purified, polyclonal) and biotinylated cmvlIL-10-specific 1I9G (0.1 pg/mi; éffinity

purified, polyclonal) were used for coating and detection, respectively. Protein Qoncgﬂryitfé‘t{ib‘ns' '

were caiculated from a standard curve using recombinant cmvIL-10 (R&D Systg,rfi§).-

RESULTS

Serological diagnosis of maternal HCMV infection

Neonates with IUGR (group C) had significa_g

controls (group A: 3,443 + 342 g, P<0.001) or th se V\;ith asymptomatic infection (group B: 3,960

1). With regard to IgG avidity: 21 25, 26], infection was judged as long past (>6 months) with
nd in fnunosiot reactivity with HCMV proteins p150, gB1, and gB2. Maternal
IgG avidity in

, p15! ’, CM2, p65, gB1 and/or gB2. Specific indicators of recurrent infection included

primary infection. HCMV IgG avidity in cord sera was higher than in maternal circulation, as
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reported earlier [21], except for IUGR cases 16 and 12 with primary infection and case 14 with
past infection, suggesting impaired transport. Supplemental Fig. 1 shows five mothers were
seronegative (groups A, C and D) and five had asymptomatic recurrent infection (groub‘%)y,_yln

IUGR group C, three had recurrent infection (cases 18, 2 and 3) and two had primary":i:nf tlon

(cases 16 and 12). Infection was long past in four women (groups A, C and D)

Neutralizing titers agreed with maternal serostatus (Table 1). Tvygl\“/'/ﬁek qr’dpositive sera

had neutralizing activity in HUVEC (IDsy 1:512 to 1:1024); lower titer. ‘iWe obtained in placental

fibroblasts (IDso 1:16 to 1:256) [18]. Sera from IUGR case 12 lacked ngufralizing activity in both

cell types, suggesting seroconversion occurred late in gestgﬁiéh i_hé{: results indicated that of 7

mothers who delivered babies with IUGR, 3 had recurr,,yent,jnfééti\on and 2 had primary infection

that had not been diagnosed during gestation.

Features of pathology in placentas fdrom IUGR ‘,cuabs‘és
Examination of placental pathology rek\[;,/{éé‘gleq’fghat IUGR cases 2, 3, 16 and 12 had evidence of

fibrosis, inflammation and hypoxia. ﬁi’s’e:i,né'luded large fibrinoids containing many necrotic,

avascular villi (Fig. 1A) and edem t”:;"  villi (Fig. 1C) absent in control placenta 8 (Fig. 1B, D).

Additional pathology included leukocytic infiltration (Fig. 1E), dilated blood vessels (Fig. 1F) and,

in [IUGR case 12, clust “;‘s of keratin 7-positive cytotrophoblasts (termed cell islands), a

pattern suggesting arrested differentiation (Fig. 1G).

infectioﬁ 4,7 and 10, had fewer than 1 fibrinoid per field with 5 avascular villi (Fig. 2A). [IUGR

with recurrent infection, case 2, had small and large fibrinoids with 25-50 avascular villi,
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whereas case 3 had small fibrinoids. In contrast, IUGR cases 12 and 16, with primary infection,
had many small and large fibrinoids with 25 to 50 avascular villi. In addition, case 16 had many
fibrinoids with 50 or more avascular villi, significantly larger than those in all the other pjlé'b:eptas,

Edematous villi were abundant in IUGR cases 2 and 3, with recurrent infection, andwihéﬁrvééi“sjied‘”i‘n

asymptomatic recurrent infection 4 and 7 (Fig. 2B). Leukocytic infiltration in the basal

most evident in IUGR cases 12 and 16 (Fig. 2C). Considerable vanablhty was: found in lUGR
case 3 and asymptomatic recurrent infection 4 and 10. Together, the r |
pathology in the form of large fibrinoids with avascular villi, extensiv
alone or in combination, could significantly reduce perfusion and (ahs rt bf substances across
the placenta, resulting in IUGR.

HCMV replicates in blood vessels of placent UQR with primary infection
Quantitative PCR of frozen biopsy specimenﬁs ‘ that [IUGR case 16 with primary HCMV
enta Using nested PCR, viral DNA was also

infection contained 5 x 10° genome copies/g pl:

detected in one biopsy specimen each;;frﬁmi!UGR cases 2 and 3 with recurrent infection (Table

2). Viral DNA was not found in any. he pyl,a“‘é’jéntas or any sera. Next, we investigated HCMV

infection using immunohistoc emis o localize infected cell proteins in specialized cell types.

In the basal plate, interstitial-cytotrophoblasts contained viral antigens (Fig. 3A, B), and

endothelial cells in lym ha i sels contained viral proteins in nuclei and cytoplasmic vesicles
(Fig. 3C, insets). V ; oteins were present in a comparable replication pattern in glandular

epithelial cells (Flg 3D néets) that expressed CK7 (Fig. 3E). In addition, IUGR cases 2, 18, 3,

16 and 12 with congenital infection expressed viral proteins in cells of the basal plate to a

variable e (not shown).

Bétailed analysis of placentas from IUGR cases with primary HCMV infection revealed

that infected cell proteins were expressed in blood vessels in chorionic (floating) villi and the
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chorion. In case 16, virus replicated in smooth muscle (SM) cells in the media (middle layer) of
arteries (Fig. 4A) and veins in the chorion (Fig. 4E) that expressed SM myosin (Fig. 4B, F). In
contrast, neither arteries nor veins expressing SM myosin (Fig. 4 D, H) in the chorion fromlUGR
cases 3 and 2 with recurrent infection expressed viral proteins (Fig. 4C, G). ForlUGRcase12
with primary infection, blood vessels in some intermediate villi expressed HCMY,t,pfb,t ns;_arik\d

SM myosin (Supplemental Fig. 2A, B), whereas other blood vessels Iacked,;viraglw‘:f oteihs

(Supplemental Fig. 2C, D).

-amniotic membranes,

Unexpectedly, evidence of HCMV transmission was founq_in‘t
which are composed of polarized epithelial cells facing thefetus athed in amniotic fluid (Fig. 5).
IUGR cases 12 and 16, with primary infection, containgdeca{f)plasmic vesicles filled with HCMV
antigens in accord with fetal infection and virion 'uptaké atth épical membrane (Fig. 5A, B).

B"p acentas 4, 10 and 7, with asymptomatic

Amniotic epithelial cells in the membranesgf;gr
recurrent infection, also contained cytqplasrr’lk‘i‘c”\i‘e_s,’icle{s with virion proteins (Fig. 5C-G), which
were clearly visualized in grazing sectlons(le, cross-section of concave surface) (Fig. 5G).
Virion proteins were not detected mtheammotlc epithelium from a group A seronegative control
(Fig. SH), group B recurrent i feé{igpxpét‘ients 1 and 11, and group C recurrent infection with

IUGR cases 2, 18 and 3, mdlcatlng these babies were spared (data not shown).

Elevated anti-angiageﬁ ctors and cmvlL-10 in IUGR cases with HCMV infection.

We next meas f‘"i""\edy th‘éﬁypoxia-related factors sFlt1 and sEng, which increase in parallel [27],

and cmvIL-" 0,av r'é‘luimmunosuppressive cytokine made late in infection [28]. As shown in

d‘f"“sFIt1 in IUGR cases 2 and 3 were extremely elevated (180,992 pg/ml and
250,306 pg/ml, respectively) and increased in case 16 (16,823 pg/ml). Quantification of sEng
showed that IUGR case 3 was highest (20.4 pg/ml), followed by case 2 (11.3 pg/ml) and case

16 (10.7 pg/ml). In maternal sera from case 12, with primary HCMV infection and preeclampsia,
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