
Nucleolar expansion and elevated protein
translation in premature aging

Abigail Buchwalter & Martin W. Hetzer

Present by Kexin Sun



What is Hutchinson-Gilford progeria syndrome（HGPS）?



What is the genetic bases of HGPS?

What does progerin do?

• Distorts nuclei
• Disrupts the nucleoplasmic 

network
• Depletes heterochromatin 

marks
• Sequesters nuclear proteins
• Includes DNA damage



GAP: The mechanistic link between progerin and aging remains unclear
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What’s difference between HGPS cells and normal cells in protein turnover?

Evidence showing that increased turnover of all lamin isoforms in HGPS cells



What happens in the turnover rates for the entire nuclear proteome?



What is the biological process that accelerate the protein turnover?

Global transition is increased and nucleoli are enlarged in HGPS

Protein turnover

Clearance of old protein

De novo synthesis of new protein



Why researchers focus on mTOR pathway?

Protein synthesis is controlled by signaling through the mammalian target of 
rapamycin(mTOR) pathway. 



How does mTOR signaling change in HGPS cultures?

Levels of both RPS6, and phopho-RPS6 are 
consistently elevated in HGPS cells, but in mTOR-
dependent S6 kinase, phosphorylation is decreased.



Is there any change in nuclear structures of HGPS cells?

A general increase in total nucleolar area in HGPS cells is observed.



What happens to the transcription activity of rRNA in HGPS?

The researchers found increased transcription of rRNA in HGPS lines



Is nucleolar expansion in HGPS caused by de-repression of rDNA loci?

The research data suggests that a larger proportion of rDNA loci that retain methylation.



Are RPs significantly unregulated in the nuclei of HGPS cells?

As a group, RPs are significantly upregulated in the nuclei of HGPS cells.



Are eEFs significantly upregulated in the cytosol of HGPS?

eEFs were not significantly upregulated in the cytosol of HGPS cells



Does progerin expression promote nucleolar expansion?

Progerin expression is sufficient to promote nucleolar expansion



Does lamin depletion cause nucleolar expansion?

Nucleoli remains functional even there is no Lamin A exists.



What’s the relationship between nucleolar size increasing and aging?

There is a significant relation between aging and nucleolar size



Can increased nucleolar size be considered as a hallmark of aging?

The researchers’ data indicate that increased nucleolar size and activity are 
hallmarks of aging in both pathological and physiological context.



Conclusions
First, from the research, we know that progerin acts as a 
dominant negative mutant to prevent the previously 
unappreciated role of lamin A in organizing nucleoli and 
limiting ribosome biogenesis.

Next, the research has shown that a larger proportion of 
rDNA promoters are un-methylated in HGPS, and thus are 
in the chromatin state that allows POL I binding.

The researchers also observed elevated production of RPS 
in HGPS, which assemble into functional polysomes in the 
end increasing global translation rates. They surmise that 
overproduction of protein in HGPS may promote premature 
aging by depleting cellular energy stores.
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Questions?



Questions：Are there any small molecules or drugs available 
or known currently that could inhibit rRNA production?



Question: In the paper they discuss how GFP-tagged lamin A variants exhibited enlarged 

and more numerous nucleoli. On the other hand they show that when lamin A is knocked 

down in primary human fibroblasts using RNAi there was expansion in nucleoli but not an 

increase in the number of nucleoli. What is the reason for this difference and how is the 

number of nucleoli significant?



Question: Why lamin B is not as important as lamin A in the generation of progeria?



Questions: What are some of the side effects from prolonged mTOR 
inhibition treatment? Why wouldn't rRNA inhibition treatment have 
the same side effects as mTOR inhibition treatment?



Question：Figure 1 shows that there is an obvious elevated protein synthesis rates 
in non-dividing cells. Do you think this faster proteins synthesis could be related to 
an elevated metabolism rate?

Question: The progeria paper suggests that enlarged nucleoli generate more 
rRNAs. I'm curious as to how these two things are related. Do the nucleoli expand 
because rRNA production increases? Do they expand because of decreased 
stability AND increased production? In other words, which of these factors (rRNA 
production and nucleolar size) is causal of the other, or are both effected by the 
same cause?

Question: In the paper, it says that non-dividing cells are especially vulnerable to the 
accumulation of protein and DNA damage over time, and that changes to the function of non-
dividing and proliferating cell populations both contribute to age-associated decline of tissues 
and organs. Since both non-dividing cells and proliferating cells can be affected, which would 
contribute more to organismal aging?



Question: The paper mentioned that larger nucleolar size leads to premature 
aging because they activate rRNA generation. They then found in C elegans that 
smaller nucleoli was correlated with longevity. I was wondering if they had found 
a point in which the nucleoli got too small and had damaging effects for the cell. 
If so, is there a determined size range that balances these two extremes?



Question: In the paper they mentioned increased nucleolar size and 
activity to be hallmarks of aging. Has there been any work done in 
the aging to field to counteract this to help humans live longer?

Question: The paper mentions that there are already some rRNA inhibition 
drugs in the trial pipeline, since the papers release, have any of these drugs 
shown promising results for treatment of HGPS or lifespan extension?



Question: The progeria paper talked about the effects of progerin disrupting the 
lamin A nucleoplasmic meshwork, which disrupts the interaction of lamin A with 
heterochromatin and euchromatin. I was wondering if there are any epigenetic 
treatments that might be effective in maintaining these important repressive 
marks.



Question: How do you anticipate oxidative stress could impact the rate 
of metabolism? We know that it impacts processes and morphology of 
mitochondria but I am curious how this would impact the nucleus with 
metabolism as well.

Questions: For these studies, they used fibroblasts. Do you think there would be 
any differences in their results if they used other types of cells? Also, do think 
these results could (or should) be used to look at aging as a whole outside of this 
disease and what would be the implications for doing that?
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