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Estrogen timing and concentration affect the impact 
of age-related stress in a neuronal cell model 
Considering midlife, menopause and hormone 
therapy in Alzheimer’s disease (AD) prevention

High-content imaging

Can we answer clinically relevant questions – 
How could a clinician tell who might experience neuroprotective 
benefits from MHT? From what dose? When? How?

Women are at greater risk of developing AD in late-life, and while sex 
hormones likely play a role, there is a lack of consensus as to how, to 
what extent, and when increased risk manifests.

As the reduction in estrogen during the menopausal transition occurs 
concurrently with the earliest AD pathology, sex-specific 
endocrinological ageing should be considered during investigation of 
risk screening and intervention from midlife.

Figure 3a. Limited clinical data for 
estimation of brain estrogen 

concentration.

Figure 3b. Inconsistent estrogen treatment 
concentration used across key in vitro investigations 
of neuroprotection by estrogen. 

Developing a physiologically and clinically relevant in vitro 
model for integrated investigation of the ‘Window of 
Opportunity’ and ‘Healthy Cell Bias’ hypotheses:
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What is the effect of late initiation in the absence of stress?

Does age-related stress pronounce 
treatment differences? 

Figure 6. In the 
absence of stress, 
higher 
concentration 
and later 
initiation 
significantly 
reduce cell 
survival versus 
control, although 
effect size is 
small.

Figure 7. Late and 
low concentration 
estrogen treatment 
significantly 
exacerbates 
oxidative stress-
induced reductions 
in cell survival.

Figure 8. No 
significant 
effects of 
estrogen 
treatment on 
glutamate-
induced 
reductions in 
cell survival 
are observed. 

Figure 9. 
No significant 
effects of 
estrogen 
treatment on 
glutamate-
induced 
reductions in 
cell survival 
are observed. 
Limited data 
so far for this 
condition.

How can preclinical findings be implemented 
clinically?
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We used a differentiated SH-SY5Y 
neuroblastoma model to assess 
the relationship between estrogen 
treatment timing and age-related 
stress at physiologically and 
clinically levels.

A new approach: 
Clinically relevant in vitro investigation 

Current best hypotheses: 
Female sex, estrogen, ageing and AD

Estrogen, stress and neurotoxicity:
Concentration, timing and context

Integration in clinical research:
Assessing in vitro insights from midlife

Late initiation could reduce 
neuroprotection even in the 
absence of stress, while 
concentration and timing effects 
vary by specific stress context . 

Figure 4. A fully-differentiated SH-SY5Y neuroblastoma cell model 
for assessment of interactions between estrogen concentration, 
timing, and age-related stress.

The ‘Window of Opportunity’:

Neuroprotective actions of estrogen signalling are 
currently thought to be determined by time of 
initiation and relationship to existing damage.

Investigation of downstream effects 
on tau will support practical clinical 
integration, aiding inference of likely 
cognitive outcomes of treatment.

Insights at a glance:

Figure 1. Preclinical and observational evidence of neuroprotection by 
estrogen motivated clinical investigation of MHT for protection 
against cognitive decline. 

However, this has returned mixed results.
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But gaps in our basic understanding limit their application to 
clinical practice:

Figure 2. Two dominant hypotheses have emerged to reconcile this 
translation barrier from clinical and preclinical findings respectively:

Estrogen therapy could be beneficial if initiated close to the menopausal 
transition, and before a threshold of damage to brain cells has occurred.
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Figure 4a. Concentrations of dominant human estrogen 
(17β-estradiol (E2)) treatment used. 4b. Following differentiation, 
estrogen treatment is removed (96hrs), continued (96hrs, media 

replaced 72hrs) or reinitiated following a delay (removed 72hrs, 
reinitiated for 24hrs). This offers clinical proxies of menopause 
and subsequent MHT at various times of initiation. 4c. Various 

age-related stressors are initiated at 72hrs (prior to estrogen 
replacement/reinitiation) to assess context-specific 

relationships with estrogen timescale.

In each timing 
condition:

‘Low’ MHT: 100pM
Physiological estimate

‘High’ MHT: 10nM
Prior study efficacy

‘Premenopausal’:
50pM Day 1, 3, 6

E2 Concentration

Generalised linear mixed modelling (GLMM):
Interactive effects of concentration, timing, stress:

Figure 5. GLMM structure to investigate interactions 
between concentration, timing and stress. 
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The ‘Healthy Cell Bias’ in the context of the 
‘Window of Opportunity’ 

Screening the impact of estrogen and stress interactions 
on neurotoxicity – 

ReadyProbesTM viability imaging kit 
(Thermo Scientific) staining 

Live/dead counting using 
ImageXpressTM automated Pico reader 

Probe conditions for investigation of 
subtle changes

Downstream 
tau effects:

Western blotting

Future sensitive measures may capture sub-
neurotoxic effects:

Estrogen 
signalling 
mechanisms:

tTau
pTau(217)

EReceptorα
EReceptorβ

Abundance and localisation

High-content 
imaging

Figure 10. Parallel in vivo clinical investigation with hormone 
therapy users and non-users aged 45-65. Cognitive tasks 
focussed to load on the medial temporal lobe as site of earliest 
tau deposition. Baseline plasma biomarkers will be probed for 
association with cognitive change.

Parallel investigation: midlife females 
experiencing menopausal symptoms
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Figure 3. Physiological estrogen concentration in the brain is 
likely much lower than the bulk of prior in vitro studies have 

investigated.
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Age-related 
stress:

Data collection ongoing – data presented: 
Points represent individual well images (1007 over 31 

biological repeats, 5 treatment conditions and
4 stress conditions – 

‘None’ 461; ‘Glutamate’ 279 ; ‘Oxidative’ 181, ‘LPS’ 86.). 
Median total cell number in each well image: 5019.

Model development ongoing – estimates presented:

Bars represent model estimates for Palive 
(probability a cell is alive) using a logit link function. 

Error bars represent model estimated 95% 
confidence intervals. 

Uncorrected p-values for planned contrasts 
comparing each treatment against control within 

each stress condition. 
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Using biomarkers and cognitive tracking, could we develop 
screening methods to help infer cognitive outcomes following 

MHT initiation?

Data collection and model development are ongoing. Please refer to ‘A new 
approach:’ section (left) for description of data presentation across all graphs.
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Tracking cognitive effects 
from point of MHT 

initiation:

Does cognitive testing reveal 
domain-specific sensitivity to 
hormone therapy and early AD 
biomarkers?

Assessing baseline 
characteristics and likely 

outcomes:

Can blood markers help 
us test the ‘Healthy Cell 
Bias’ in humans?


	Slide 1

