
Dicarbonyl-Induced Accelerated Aging in Human Fibro blasts

Background

A high glucose level above an intrinsic tolerable limit leads 

to an imbalance in the redox-state of the cell due to various 
biochemical changes. This leads to an increased level of 
oxidative sugar breakdown products dicarbonyls glyoxal
(GO) and methylglyoxal (MGO), which are very harmful to 
cells because they react with proteins and lipids producing 
the advanced glycation end-products (AGEs), advanced lipid 
peroxidation end-products (ALEs), and DNA-damage 
products. These macromolecule modifications are thought to 
be random events and contribute to the acceleration of 
cellular aging. Many age-related pathologies such as 
Alzheimer´s disease and diabetes are associated with the 
accumulation of altered proteins. 

Objectives
4

The aim of this study is to develop up an experimental 
system, where the effects of GO or MGO treatment in 
cultured human fibroblasts result in an accelerated aging 
phenotype. This involves the characterization of GO and 
MGO-induced damage in human fibroblasts, and the finding 
of molecular stress markers. The long term aim is to use this 
experimental model to test the effects of mild stress 
(hormesis) and natural and synthetic molecules in the 
prevention and modulation of cellular aging. 
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METHODS

Cells

� Human adult skin fibroblasts

Cellular markers

� Morphological changes.

� Cell cycle analysis by PI staining and flow cytometric analysis.

� Apoptosis analysis by normal DAPI staining and AnnexinV/PI 
staining in flow cytometry.

� Senescence-associated (SA) � -galactosidase activity assay by 
normal staining of adherent cells.

� SA � -galactosidase activity assay in flow cytometry. 

Biochemical and molecular markers

� H2O2 level by monitoring DCF formation in flow cytometry

� CML-protein level by immunofluorescence in flow cytometry

CONCLUSIONS

The following criteria of accelerated aging in GO or MGO-treated 
cells have been established: Morphotype copying of senescent 
cells; G2 arrest; reduced apoptosis; irreversible growth arrest; 
induced cellular senescence to some extent; increased H2O2 level; 
increased CML-protein level; and, for MGO only, an increase in 
SOD and catalase activities.

This system can be used to monitor potential aging modulators such as 
mild heat stress.

RESULTS

�

DICARBONYL GENERATION

Dicarbonyl Formation pathway
GO 1. Metal-catalyzed oxidation during the Maillard reaction

2. Autoxidation of reducing sugars (free or protein bound)
3. Oxidation of PUFAs
4. ONOO� -induced cleavage of the Amadori product    

MGO 1. Autoxidation of reducing sugars 
2. Oxidation of PUFAs
3. Conversion of 3-amino acetone (threonine catabolism 

intermediate) 
4. Product of acetone metabolism 

3-deoxyglucosone 1. Re-arrangement of fructoselysine (FL)
2. Fructose-3-phosphate, � -elimination of phosphate 

(polyol pathway)

Glucosone 1. Oxidation of glucose
2. Cu2+-catalyzed autoxidation of the Amadori product
3. ONOO� -induced cleavage of the Amadori product    

� The level of cellular senescence after GO or MGO treatment, as measured by SA 
� -galactosidase activity assay in flow cytometry. C12FDG emits green light when 
cleaved by � -galactosidase. A-B. The x-axis shows the relative � -galactosidase
activity in GO or MGO-treated samples. C. Relative � -galacto-sidase activity in 
a senescent culture. The geometric mean of the untreated control was set to 
100%. The senescent culture gave 49% more fluorescence signal, whereas GO 
or MGO-treated cells gave 30.5% and 21% more signal, respectively.
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� Morphology changes 72h after GO or MGO treatment. A. Early passage control B. Late 
passage control C. GO-treated D. MGO-treated. GO or MGO-treated cells of early 
passage displayed the same typical characteristics of old cells in terms of cell 
enlargement, shape irregularity, and actin polymeriza-tion. The treated cells were also 
less confluent than the control, which could reflect an inhibition of cell proliferation or 
cell death. Bar; 100µm

� H2O2 levels 4h after GO or MGO treatment of cells.  A. Detection of auto fluore-
scence by pooling all samples without any dye added. B. Control. C. GO-treated. 
D. MGO-treated. GO or MGO-treated cells showed 2 fold of increase in H2O2

after 4h of treatment

� Total CML-protein level 72h after GO or MGO treatment. A. Control (blue, 
unstained; red, stained). B. GO-treated (blue, unstained; red, stained). C. MGO-
treated (blue, unstained; red, stained). GO or MGO-treated cells showed 4.74 and 
4.83 fold of increase in total CML-protein level.

� Cell cycle analysis of GO or MGO-treated early-passage human fibroblasts. A.
Relative DNA content as measured by PI staining. The control cells had 5.5% 
±0.5 SD of the cells in the G2/M phase whereas GO or MGO-treated cells 
showed the DNA content of G2/M arrested cells with 27.5% ±0.7 SD and 
38.2% ±1.5 SD of the cells in the G2 phase. B. Dot plot of PI against forward 
scatter (FSC). Note that especially GO-treated but also MGO-treated cells were 
enlarged, as measured by FSC shift. 

RESULTS

� Annexin V and PI dot plots 72 h after treatment. Upper row, –/– stained; lower row, 
+/+. A. 3 µM staurosporine-induced apoptosis. B. Control cells. C. GO-treated cells. 
The inhibition of apoptosis after 72 h of GO treatment might be related to GO-
induced accelerated aging in the surviving cells. 


