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Summary

Objective: To explore the role of ubiquitin proteasome system in the pathogenesis of infection related preterm birth. Materials and
Methods: Thirteen women with spontaneous preterm delivery and 13 controls were included in present case-controlled study. The
mRNA and protein levels of Ub-conjugating enzyme E2Q1 (UBE2Q1) and Carboxyl-terminus of Hsc70 interacting protein (CHIP) in
the placenta were measured by immunohistochemistry, real-time RT-PCR, and Western blotting methods. Statistical significance (p <
0.05) was determined using student’s ¢-test. Results: The mRNA levels of UBE2Q1 (0.48+0.05 vs. 0.67+0.07, p = 0.047) and CHIP
(1.59+0.23 vs. 5.62+1.00, p = 0.002) in the placentas of preterm delivery were significant lower than those of term delivery. The pro-
tein levels of UBE2Q1 (0.64+0.09 vs. 1.49+0.22, p <0.001) and CHIP (0.76+0.08 vs. 1.33+0.23, p = 0.001) in the placentas of preterm
delivery were also significant lower than those of term delivery. Conclusions: Decreased mRNA and protein expression of UBE2Q1
and CHIP were both found in the syncytiotrophoblast and cytotrophoblast of placenta in preterm birth patients, which was speculated
to play a role in the pathogenesis of infection related preterm birth.
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Introduction

Preterm birth is one of the most significant healthcare is-
sues facing perinatal medicine. It is also the leading cause
of neonatal deaths and associated with various infant dis-
orders, such as lifelong neurologic handicaps, acute respi-
ratory illness, and other chronic diseases that can extend
into adulthood. The estimated prevalence of preterm birth
ranges from 5% to 18% worldwide[1], levying a consider-
able cost burden to the healthcare system, and emotional
and financial strain to the families affected. Thus, it is vital
to understand the molecular and cellular mechanisms that
govern birth to prevent the serious clinical sequelae asso-
ciated with preterm birth.

Among the many causes of preterm birth, inflammation/
infection is responsible for the majority of early preterm
births [2]. The underlying infection, such as those caused
by chlamydia trachomatis and ureaplasma urealyticum, is
considered to be one of the etiologies of preterm delivery.
Previous studies have shown that reduction in CD1d sur-
face expression through ubiquitin proteasome system
(UPS) mediated protein degradation may help chlamydia
trachomatis evade detection by innate immune cells. Mis-
regulation of UPS assists chlamydia trachomatis to evade
immune clearance and promote microorganism persistence
[3]. UPS is speculated to be involved in the pathogenesis of
infection related preterm birth. However, no study explored
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the role of UPS in the process of infection-related preterm
birth.

Ub-conjugating enzyme E2Q1 (UBE2Q1) is a member
UPS family and plays critical roles in female fertility and
embryo implantation process. Reduction in UE2Q1 activi-
ties have been associated with different reproductive de-
fects in females. UBE2Q1 expression is not detectable in
the uterus of non-pregnant females but strongly up-regu-
lated during pregnancy [4]. Carboxyl-terminus of Hsc70
interacting protein (CHIP), originally identified as a co-
chaperone of Hsc70, has both a U-box domain and a tetra-
tricopeptide repeat (TPR) motif. The U-box domain
possesses E3 ubiquitin ligase activity, while the TPR motif
associates with Hsc70 and Hsp90 [5]. It is found to medi-
ate the degradation of estrogen receptor and thus may reg-
ulate female hormonal responses [6, 7]. In the present
study, the authors examined the mRNA and the protein lev-
els of UBE2Q1 and CHIP, in the placenta to explore their
potential roles in the infection-related preterm birth.

Materials and Methods

This study was approved by the Ethics Committee of West
China Second University Hospital. All women were informed and
signed the consents to donate their placenta for scientific research
use. Placenta tissues were obtained from 13 women with sponta-
neous preterm delivery who delivered vaginally between 28-+0
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and 36+6 weeks of gestation. All the patients has clinical mani-
festation of infection such as fever, increased white blood cell or
C-reaction protein. Normal term placenta tissues (>37+n weeks
gestation) were also collected from 13 women with normal vagi-
nal delivery as control. Other complications of pregnancy, such
as pre-eclampsia, asthma, gestational diabetes mellitus, multiple
pregnancies, and fetuses with chromosomal abnormalities, were
excluded from this analysis.

Placenta samples were fixed with formaldehyde for immuno-
histochemistry, or frozen in liquid nitrogen within one hour of ex-
cision and stored at -70°C for future RNA and protein analysis. All
placentas collected from preterm deliveries were swabbed for mi-
crobiological culture investigations and histopathological exami-
nation to confirm chorioamnionitis.

To determine the subcellular distributions of UBE2Q1 and CHIP
in placenta, immunohistochemistry was performed on formalin-
fixed, paraffin-embedded sections with the biotin-streptavidin
staining procedure). Sections were dewaxed in xylene twice and re-
hydrated through a gradient of ethanol. Slides were boiled in cit-
rate buffer (10 mM citrate sodium, 10 mM citric acid, pH 6.0) at
98°C for 15 minutes to retrieve antigen, cooled at RT for 25 min-
utes, washed with PBS three times, and incubated with 3% hydro-
gen peroxide for 15 minutes to quench endogenous peroxidase
activity. Then the slides were incubated with UBE2Q1 antibodies,
or CHIP antibody, both at 1:100 dilution and 37°C for one hour.
After washing in PBS, the slides were incubated with HRP-conju-
gated secondary antibody and developed with DAB. For the neg-
ative control, non-specific matched IgG was used to replace the
primary antibody. Slides were counter-stained with hematoxylin,
visualized with a light microscope and photographed with a color
video camera. Slides were reviewed by well-experienced patholo-
gists in parallel.

Total RNA was extracted from placenta samples using TRIzol
regent following the manufacturer’s instructions. The integrity of
RNA was confirmed by agarose gel electrophoresis. Reverse tran-
scription was performed with 5 pl of total RNA pretreated with
RNase-free DNase and random primer using a cDNA synthesis kit,
and incubated on the real-time PCR system for 60 minutes at 42°C
and 10 minutes at 72°C. Real-time PCR was performed using 5 pl
cDNA, Taq DNA polymerase, and ANTP on a real-time PCR sys-
tem. The PCR program was initiated at 94°C for 2 minutes, fol-
lowed by 45 thermal cycles of 20 seconds at 94°C, 20 seconds at
55°C, and 30 seconds at 60°C. The expression of the UBE2Q1 and
CHIP were normalized to the expression of ACTB and expressed
as fold change relative to negative controls. The following primers
were used: UBE2Q1 (Forward: GTCCGCATCCACTGCAACAT,
Reverse: CTCCAAGACAGCAGCCAAGT), CHIP (Forward:
GAAGAGTGCCAGCGAAACCA, Reverse: CGCATCAGCT-
CAAAGCTGAT), ACTB (Forward: GAAGATCAAGAT-
CATTGCTCCT, Reverse: TACTCCTGCTTGCTGATCCACA).
A melting curve for primer validation and a template standard
curve were performed to show template-independent amplifica-
tion results. Data were analyzed with the comparative delta Ct
method. In addition, amplimers were systematically controlled by
agarose gel electrophoresis and sequencing.

Placenta tissues were homogenized in a tissue homogenization
buffer (50 mM Tris, pH 8.0, 5 mM EDTA, 0.2% Triton X-100,
150 mM NacCl, 1% NP-40, 1% sodium deoxycholate, and 1x com-
plete protease inhibitor cocktail). The lysates were then cen-
trifuged for 15 minutes at 12,000 g at 4°C. The protein
concentration in the supernatant was determined by the Bradford
assay. The protein samples were supplemented with SDS sample
buffer, boiled for 6 minutes, and separated by SDS-polyacry-
lamide gel electrophoresis. Proteins were then transferred elec-
trophoretically onto a nitrocellulose blotting membrane. After

being blocked with 5% fat free milk for one hour at RT, the mem-
brane was incubated with UBE2Q1 (1:300), or CHIP (1:300) an-
tibody at 4°C overnight. B-actin (1:300) was detected as the
control to normalize the amounts of protein. Blots were washed
three times in PBS-Tween (PBS-T) and incubated with second-
ary antibodies (1:20000) at 37°C for one hour. A chemilumines-
cent substrate were used for detecting the bands on membranes.
Light emission was captured by exposing the membrane to X-ray
films. The levels of UBE2Q1 and CHIP proteins were estimated
by densitometric quantitation of the intensity of the signal from
the bands in relation to that from the -actin band using Quantity
One Analyzer software (V4.4.0.36).

This study was approved by the Ethics Committee of West
China Second University Hospital. All women were informed and
signed the consents to donate their placenta for scientific research
use.

Data are expressed as mean+SD. Statistical significance (p <
0.05) was determined using student’s #-test. Analyses were per-
formed using the Statistical Package for Social Science
(SPSS16.0).

Results

The average gestational age of preterm delivery was
34.02+1.60 weeks. All the patients in the preterm delivery
group had clinical infection signs such as fever, elevated
white blood cell or C-reaction protein. Pathological exam-
ination of the placenta of preterm delivery group showed
seven cases of mild chorioamnionitis, two cases of moder-
ate chorioamnionitis, and two cases of severe chorioam-
nionitis. All the premature infants were transferred to the
NICU and all were discharged after carefully treatment.

UBE2Q1 and CHIP proteins were both found to be ex-
pressed in the cytoplasm of syncytiotrophoblast and cy-
totrophoblast of third trimester placenta by immuno-
histochemistry analysis. Results were shown in Figure 1.

Real-time PCR revealed that the UBE2Q1 mRNA levels
in the placentas of preterm delivery were significant lower
than those of term delivery (0.48+0.05 vs. 0.67+0.07, p =
0.047). The CHIP mRNA levels in the placentas of preterm
delivery were also lower than those of term delivery
(1.59+0.23 vs. 5.62+1.00, p = 0.002). Detailed results are
listed in Table 1.

Consistent with the mRNA results, Western blot analy-
sis showed that the UBE2Q1 protein levels in the placen-
tas of preterm delivery were significant lower than those of
term delivery (0.64+0.09 vs. 1.49+0.22, p < 0.001). The
protein levels of CHIP in placentas of preterm delivery
were also significant lower than those of term delivery
(0.76+0.08 vs. 1.33+0.23, p = 0.001). The results are illus-
trated in Figure 2.

Discussion

UPS is one of the major pathways for intracellular protein
degradation. It involves a three-step reaction to achieve a
covalent attachment of ubiquitin molecules to lysine
residues of the target protein [8]. UPS has been implicated
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Figure 1. — UBE2Q1 and CHIP protein expression in third
trimester placenta. UBE2Q1(A) and CHIP(B) are both expressed
in cytoplasm and in cell membrane of the cytotrophoblast (black
arrow) and syncytiotrophoblast (red arrow) respectively. (Magni-
fication x400).

in protein degradation, transcriptional activation, signal
transduction, and cell growth and differentiation [9]. De-
fects in UPS have been implicated in cancer development
and progression, neurodegenerative disorders, pathogenic
infections, preimplantation embryo development, and fetal
implantation. In this study, the authors confirmed the pro-
tein expression of two important members of UPS,
UBE2QI1 and CHIP, in the cytoplasm of syncytiotro-
phoblast and cytotrophoblast of third trimester placenta.
They also found a dramatic decrease of UBE2Q1 and CHIP
mRNA and protein expression in the placentas of preterm
birth, suggesting the possible relationship between UPS im-
pairment in placenta and preterm delivery.

UPS is found to be involved in the process of reproduc-
tion, especially in the initiation of pregnancy, including em-
bryo implantation and placenta formation. However, the
functions of UPS in the third trimester of pregnancy or in
the complication of pregnancy are not very clear. Previous
studies focused on the role of UPS in the preeclampsia and
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Figure 2. — Protein expression pattern of UBE2Q1 and CHIP. A,
UBE2Q1 and CHIP protein expression in term (C1-C4) and
preterm (P1-P4) placental villous tissues are determined by West-
ern blot analysis. f-actin is used as a loading control. (B) Quanti-
tative analysis of data shown in (A) of the intensity of UBE2Q1
(» <0.001) and CHIP (»p = 0.001).

*p < 0.05 between preterm and control group.

intraunterine growth retardation (IUGR). The E3 ubiquitin
ligase MULE has been found to play an important role in
the pathology of pre-eclampsia and IUGR by regulating
myeloid cell leukemia factor 1 and tumor suppressor p53
[10]. The relationship between UPS and preterm delivery
has not been carefully studied.

UBE2QI1 play vital role in female fertility and embryo
implantation process. It is not expressed in the uterus of
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Table 1. — The mRNA levels of UBE2Q1 and CHIP in the
placentas of preterm or term delivery women.

No. UBE2Q1" No. CHIP™
Preterm Control Preterm Control

1 0.57 1.00 1 1.00 8.00
2 0.71 0.70 2 0.87 9.19
3 0.35 0.41 3 0.25 11.31
4 0.20 0.57 4 2.82 9.19
5 0.50 0.57 5 1.74 9.19
6 0.28 1.05 6 1.41 2.82
7 0.70 0.51 7 0.72 1.74
8 0.51 1.23 8 1.23 1.86
9 0.71 0.50 9 1.05 2.05
10 0.71 0.61 10 2.83 8.00
11 0.25 0.71 11 2.46 2.00
12 043 0.52 12 2.29 5.65
13 0.31 0.35 13 2.00 2.14

MeantSD 0.48+0.05 0.67+0.07 MeantSD 1.59+0.23 5.62+1.00
" UBE2Q1I: Ub-conjugating enzyme E2Q1.
“CHIP: Carboxyl-terminus of Hsc70 interacting protein.

non-pregnant females, but its expression was up-regulated
in the uterus during pregnancy. It is involved in some fe-
male reproductive defects of female fertility, including in-
creased embryonic lethality and decreased implantation
capacity of homozygous mutant embryos [4]. However, po-
tential roles of UBE2Q1 in ubiquitination and reproduction
need further investigation. Decreased mRNA and protein
levels of UBE2Q1 were found in the placenta of preterm
delivery patients in the present study. The present authors
speculated that it might facilitate the ubiquitination of p53
and lead to subsequent p53 degradation. The reduced level
of UBE2Q1 in preterm delivery placenta might attenuate
the turnover of p53 in trophoblast cell, leading to excessive
p53 accumulation [11]. However, deletion of uterine 7ip53
was found to induce preterm birth through a COX2/PGF
synthase/PGF2a pathway [12]. The results are contradic-
tory, and further study is needed to identify the target pro-
teins and detailed mechanisms between UBE2Q1 and
preterm delivery.

Autophagy enables the cell to sequester deleterious mi-
croorganisms within autophagosome that could fuse with
lysomes to degrade the pathogens. It represents a key bar-
rier to intracellular pathogens growth. Autophagic capture
of microorganisms occurs via an ubiquitin-dependent
process by surrounding the microorganisms with a coat of
polyubiquitin. Ubiquitination was found to play a key role
in marking cytosol-exposed bacteria for autophagy.
LRSAMI1 was found to be both a bacterial recognition pro-
tein and an ubiquitin E3 ligase that participates in the au-
tophagic pathway and defends the cytoplasm from invasive
pathogens [13]. Another ubiquitin E3 ligase CHIP has been
found to be involved in both the protease degradation
process and the selective autophagy pathway by marking
the target proteins [14]. In present study, the authors found

that the mRNA and protein expression of CHIP was de-
creased in the placentas of preterm delivery, and they spec-
ulated that CHIP might be the E3 ligase involved in
ubiquitin-dependent anti-pathogen autophagy pathway in
the trophoblast cell, which might play vital role in pre-
venting preterm delivery.

Conclusions

To the best of the present authors’ knowledge, this is the
first study to show that UPS might be involved in the
process of preterm labor. Decreased levels of UBE2Q1 and
CHIP are both found in the syncytiotrophoblast and cy-
totrophoblast of placenta in preterm birth patients. How-
ever, the limitation of the present study is not elucidating
the detailed mechanisms of UBE2Q1 and CHIP in the
pathogenesis of preterm delivery which need further re-
search.
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