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It'sabout time to focus on women’s health

M Check for updates

Women'’s health has long been overlooked in
both fundamental and clinical research, which,
sadly, also holds true for the bioengineering
field — albeit things are slowly changing.

nly 3.7% of all clinical trials from 2007 to 2020
focused ongynaecology',and there is an undeni-
ablegender disparityintheallocation of research
funds? adisproportionate share of resources is
dedicated to diseases that affect primarily males’, at the
expense of funding for research on conditions that dispro-
portionately affect females, such as pregnancy disorders,
autoimmune diseases and reproductive tract disorders.
Areport by the Global Health Alliances in 2014 suggested
that neglect in medical research and funding is directly
responsible for delayed diagnosis, severe disease progres-
sion and premature death of women®. So, it is fair to say
that women’s health is overlooked in fundamental and
clinicalresearch. Therefore, it is about time for our field to
adapt, tailor and optimize our engineered models and plat-
forms for the investigation of the health of individuals who
identify aswomen, regardless of their sex at birth.
“Before I was diagnosed with lupus, I did not under-
stand that medicine had a gender problem,” writes Elinor
Cleghorn at the beginning of her book ‘Unwell Women”.
What follows is her personal story of suffering from undi-
agnosed pain for years, an experience thatis all too familiar
for many women affected by lupus and other autoimmune
diseases, such as Graves’ disease. Of note, women make up
approximately 80% of people with autoimmune diseases®.
The mechanisms underlying many autoimmune diseases
remain to be identified, and, accordingly, their diagno-
sis and treatment are often delayed and ineffective. The
bioengineering field has put great effort into investigat-
ing, manipulating and engineering the immune system,
resulting in notable progress in immunotherapy, vaccine
technologies and in vitroimmune tissue models. The same
immunoengineering efforts could be dedicated to theinves-
tigation of autoimmune diseases; for example, toimprove
the early detection of lupus, biomaterial models can be
designed to study how immune cells interact with blood
vessels to shed light on the pathogenesis of this disease’.
Endometriosis, which is a chronic disease that affects
roughly 10% (190 million) of reproductive age women and
girlsglobally, is associated with severe, life-impacting pain.
Yet, diagnosis of endometriosis remains difficult and there
iscurrently noknown cure. A key strength of bioengineer-
ing is the design of in vitro models, such as organoids and
organs-on-chips, toinvestigate disease and test drugs. Such
model systems canalsobe designed for modelling the endo-
metrium to investigate diagnostic tools and treatments
for endometriosis; for example, endometrial organoids
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can be derived from menstrual flow to non-invasively
diagnose endometriosis®, or they can be engineered from
human tissue-derived cells using synthetic matrices’. The
progress made in the design of clinically relevant in vitro
models is reflected in the US Food and Drug Administra-
tion (FDA) Modernization Act 2.0, authorizing the use of
certainalternatives, including cell-based assays, to animal
testing. Therefore, research efforts in optimizing endo-
metrial organoids may well result in the development of
new diagnosis and treatment strategies for endometriosis.
Similarly, the advanced design of drug delivery systems
has contributed to breakthroughsinthe treatmentand pre-
vention of many diseases. However, these systems rarely
consider the barriers, challenges and microenvironments
unique to the female body™. Inthisissue, Michael ). Mitchell
and colleagues discuss the design and optimization of ther-
apeutic nanoparticle and biomaterial systems to deliver
drugs for the treatment of conditions in non-pregnant
and pregnant women. Importantly, the authors emphasize
that drug delivery systems intended for the treatment of
women'’s health conditions must be specifically engineered
to penetrate female-specific biological barriers, such as the
vaginal mucosa, and potentially consider placental trans-
port,and maternal and fetal safety. Nanoscale systems can
now be designed to overcome complex biological barriers
(eventhe blood-brain barrier) and target specific tissues
and cells in the human body — the next challenge should
be to study and tailor their behaviour in the female body.
Thelist could go on — from menopause and long COVID
to accounting for the role of sex in tissue engineering.
Thereislots to tackle for the bioengineering community.
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