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During Summer 2021, thanks to Lerici Foundation’s contribution, I spent four months in the 
Vascular Biology group at Lund University. I herein propose my research project.


The “Heart-Brain-Eye axis” – the eye as diagnostic tool for early detection of brain 
complications associated to heart failure 

Dementia is a syndrome in which deterioration in memory limits the ability to perform everyday 
activities. Although Alzheimer’s disease is the most common form of dementia, cardiovascular risk 
factors and cardiovascular disease, such as heart failure (HF) often associate with cognitive 
impairment that over time, transitions to dementia. We, therefore, need to better understand what 
kind of changes in the brain happen and when they happen. Most importantly, however, is the 
need to investigate how we can detect such changes early enough in the process to be able to 
intervene. As the eye is closely connected to the brain and is similar in its neural and vascular 
structures, research suggested that the eyes may provide an important diagnostic window to 
detect neurodegenerative processes potentially occurring in the brain. Thus, we wanted to test if 
brain alterations that occurred in HF also manifested in the eye. In order to determine vascular, 
inflammatory and neurological changes in the brain and the eye we assessed their spatiotemporal 
profile using a mouse model of HF. To characterize signs of degenerative processes in both brain 
and eye, we assessed a time point cohort (6 weeks post-myocardial infarction) and a longitudinal 
cohort to identify targetable markers and to test memory function. 

In particular, we verified the impairment of short memory function in the longitudinal cohort 
performing the "Novel object recognition”  test before surgery and at 3, 6, and 12 weeks after 
myocardial infarction: mice were exposed to two objects for 8 min. 5 min later, mice went re-
exposed to one object from the original test pair and a novel object. The movements of the animal 
were video tracked with computer software. A recognition index (RI) as the main index of retention 
was calculated by the time spent investigating the novel object relative to the total object 
investigation (RI = Tnovel/(Tnovel + Tfamiliar)). As expected, the mice showed a statistically significant 
impairment of short-term memory in each time point after the surgery compared to the baseline.

As for the time point cohort, we performed immunohistochemistry of PFA-fixed brains and eyes of 
the 6 weeks cohort in order to perform a morphological classification of microglia and to identify 
markers of inflammation. Indeed, based on the activation state, microglia can be classified in 
resting microglia, with a small cell body and lots of long branches; activated microglia, with a big 
roundish cell body and completely retracted branches; intermediate microglia, with intermediate 
features. To this purpose, we used antibodies against IBA1, a marker of microglia, ED1 and 
ASCC1, both markers of activated microglia. We noticed that HF mice, compared to Sham mice 
which didn’t undergo HF induction, showed a higher percentage of activated and intermediate 
microglia in both brain and eyes, indicating more severe inflammation.

Eventually, we assessed neuronal structures in 6 weeks cohort: in particular, we measured 
dendritic length and number of ramifications in brains previously processed for Golgi Cox 
histology. Here too, the lower length of the dendrites and the lower number of ramifications 
suggested an impaired function of the neuronal network in HF mice compared to the Sham group.

Taken together, these results indicate the manifestation of degenerative processes in the eyes as 
well as in the brain. The temporal order of cerebral and retinal alterations during different stages of 
HF needs further investigation.


I am really grateful to the Lerici Foundation for giving me this opportunity and for the support 
given to numerous young researchers like me.
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