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Our results indicate the importance of size control of nanomedicines for generating safe therapies
during pregnancy. We have patented these findings, and are looking to translate the developed
systems to clinical application in collaboration with industry, expecting to benefit pregnant
patients.

To identify the size of materials to pass through the placenta, we performed
ex vivo human placental perfusion studies by using nano-sized agents. We found that there is
cut-off of the size between 20-30 nm. Based on these results, we developed indomethacin-loaded
micelles (Indo/m; 50 nm) for treatment of pre-term birth, PEGylated-recombinant thrombomodulin
(PEG-rTM; 30 nm) for treating pre-eclampsia and size-controlled polymeric micelles loading (1,
2-diaminocyclohexane)platinum (11) (DACHPt/m; 30 and 70 nm) for treating cancer. Indo/m were able to
safely suppress pre-term birth in a model of uterine inflammation to promote the delivery of
healthy pups. PEG-rTM was effective in a mouse model of pre-eclampsia induced by angiotensin 11
administration. Finally, both 30 and 70 nm DACHPt/m were active against breast cancer models.
However, only 70-nm DACHPt/m could avoid placenta accumulation, allowing the delivery of normal

pups.

Nanomedicine

Placenta Nanomedicine Size control Pre-term birth Pre-eclampsia



When we administer drugs during pregnancy, it is necessary to consider whether the drug
can pass through the placenta and whether it is toxic for the fetus. Thus, most drugs are
limited for pregnant women, and they are only considered when they have significant
benefits for the mother. Nanomedicine could offer a platform for drug delivery during
pregnancy through their capability to tailor the spatiotemporal control of drug activities.
Various studies on nanoparticle transport through the placental barrier have been
performed using either animal placentasin vivo or human placentas ex vivo, particularly
in the field of nanotoxicology. These studies have shown that the size, the surface charge
and the surface chemistry affect the transport of nanoparticles. However, the guidelines
for designing nanomedicines controlling distribution and transport in placentaare still not
known.

In this study, we aimed to identify guidelines for developing nanocarriers capable of
controlling the transport through placenta, and based on these guidelines, develop novel
nanomedicines for treating major conditions during pregnancy, including pre-term birth,
pre-eclampsia and cancer.
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placenta was identified. Based on these results, we then designed indomethacin-loaded
micelles (Indo/m) for treating pre-term birth, PEGylated-recombinant thrombomodulin
(PEG-rTM) for treating pre-eclampsia and size-controlled polymeric micelles loading
(1,2-diaminocyclohexane)platinum (11) (DACHPt) for treating cancer. Indo/m were
prepared by conjugating indomethacin to PEG-poly(glutamic acid-aminoethanol) by
ester bonds followed by dialysisin water. Indo/m were evaluated in amodel of pre-term
birth induced by subcutanteous LPS injection in pregnant mice at gestationa day 13
(GD13). PEG-rTM was prepared by conjugating recombinant thrombomodulin to Cy5-
labeled 8-arm PEG. PEG-rTM was tested in a model of pre-eclampsia induce by
angiotensin Il (Angll). DACHPt-loaded micelles (DACHPt/m) with 30 nm diameter were
prepared by polymer metal complexation between DACHPt and PEG-poly(glutamic



acid) block copolymer. DACHPt/m with 70 nm diameter were prepared in a similar
manner by adding poly(glutamic acid) homopolymer. Both DACHPt/m were studied in a
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To identify the size of materials to pass through
the placenta, we performed ex vivo human

placental perfusion studies. When we perfused 05 |

0
10 nm gold NPs, the detected amount of gold 0O 10 20 30 40 50 60
nano-particles at the fetal side was increased Time (min)

. Figure2. Penetration of gold-nanoparticles
time-dependently, and reached 4.58 % of to the fetal sidein human placentas ex vivo.

administered dose after 60 minutes. Gold NPs Data shown asthe average+ S.D. (n = 3).
with 20 nm were also detected dose at the fetal side (2.21%). On the other hand, when 30
nm gold nano-particles were perfused, the detected dose from the fetal side was 0.05% of
the administered dose after 60 minutes (Figure 2). The results were also confirmed for
Indo/m (50 nm), DACHPt/m (30 and 70 nm) and PEG-rTM (30 nm), which showed no
transport to fetal side. These results suggest that there is cut-off of the size between 20-
30 nm for nanomaterials to pass through the placenta.
Indo/m were then tested in a model of pre-term
birth. Indo/m were confirmed to activate drug
rel ease inside macrophages but not in extracel lular a
space. Moreover, by using fluorescent-labeled -
Indo/m, we found they accumulated in :;’-:
inflammatory uterus. Thus, Indo/m effectively .
reduced inflammation in vivo and avoided 100%
pre-teerm  birth. On the other hand, free
indomethacin was toxic and could only inhibit NSPES  AndlPEe AT
pre-term birth in 40% of the cases. The pups born Figure 3. Effect of PEG-rTM treatment on
. . . : fetal weight in a model of pre-eclampsia
after indo/m grow normally without losingweight. e by Angll administration. Data
PEG-rTM was conjugated to 7-arm of 8-arm PEG shown asthe average + S.D. (n = 16-18).
(Mw: 40,000) and the remaining arm was conjugated with Cy5. In amouse model of pre-
eclampsiainduced by Angll injection, the PEG-rTM wasfound to accumulate in planceta,
while Cy5-labeled rTM accumulated in liver. Moreover, PEG-rTM was found to
effectively inhibit pre-eclampsia, and control the body weight during fetal development,
e.g. at GD17 (Figure3) to promotethe birth of healthy pups. Thiswas achieved by control
of the arteria pressure, which was maintained at 100 mmHg.
Finally, we tested size-modulated DACHPt/m for treating cancer during pregnancy. We
found that both 30 and 70 nm DACHPt/m were active against breast cancer. However, 30
nm micelles were toxic to fetus due to placenta accumulation. On the other hand, 70-nm
DACHPt/m avoided placenta accumulation, allowing the delivery of normal pups.
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