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1. Abstract

Autophagy is a degradative process mainly serving to maintain homeostasis and assuring survival of the cell by recycling cellular components. It is believed to play major 

roles inmultiple diseases, such as cancer and neurodegeneration. Therefor an emerging need for methodologies to assess autophagy is observed. In this diploma thesis a 

protocol for high-throughput analysis of autophagy is evaluated. Using the ImageStreamxR imaging flow cytometer the quantification of autophagic vesicles in Jurkat cells 

and in PBMC is performed.We show that by using a manually defined counting mask a very precise automatedquantification of autophagosomes, compared to manual 

counting, is possible. Imaging flowcytometry combines microscopical single cell analysis with the high throughput of classical flow cytometry and its statistical power. 

Despite notbeing able to successfully induce autophagy over a basal level, neither in Jurkat cells nor in PBMC, it is shown that imaging flow cytometry is a very 

straightforward and precise method to analyze autophagy.
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3. Aims and formulation of questions

Considering the emerging need for fast analysis and statistically relevant assessment of autophagic processes in both diagnostics and research, the following aims and 

corresponding questions are addressed:

The first aim is to set up a protocol for the robust and reproducible quantification of autophagic vesicles with the ImageStreamX® MK II imaging flow cytometer in an

Immortalized human T lymphocyte cell line (Jurkat cell line).The corresponding question is: Are the results from the ImageStreamXR MK II comparable to manual counting 

methods?

The second aim to be achieved is to adapt and evaluate the established protocol for the analysis in human peripheral blood mononuclear cells. 

The associated question is: Is the established ImageStreamX® MK II protocol for the detection of autophagy in Jurkat cells applicable and/or adjustable to human peripheral 

blood mononuclear cells?

5. Results

5.1 Jurkat cells

Tab. 1 Spearman correlation 

coefficients (r) for the correlation

between automated and manual

spot counts in Jurkat cells.

Fig. 2 Spot count means for 

Jurkat cells with standard 

deviation error bars.

5.2 Peripheral blood mononuclear cells

Tab. 2 Spearman correlation 

coefficients (r) for the correlation

between automated and manual

spot counts in PBMC.

Fig. 3 Spot count means for 

PBMC with standard deviation 

error bars.

2. Introduction

Autophagy is a highly conserved cellular mechanism found in all eukaryotic cells. Derived from the Greek meaning "eating of self" it is designated to maintain homeostasis 

of biosynthesis and degradation of cellular structures [1].The main roles of autophagy lie in organelle and protein turnover, supply of amino acids in nutrient-depleted 

conditions and regression of retired tissues [2]. Autophagic vesicles engulf target proteins and are being degraded by the cell in this process. To assess this process 

autophagy can be induced in living cells and the formed vesicles can be stained with specific fluorescing dyes or antibodies and quantified using the ImageStreamX® MK II

imaging flow cytometer. This technique combines the statistical power of classical flow cytometry and microscopical per cell analysis. It allows to automatically quantify the 

amount of fluorescing spots per cell.  

4. Material, methods and procedure

Two cell types were used in the experiments: Jurkat cells and human peripheral blood mononuclear cells. To induce autophagy 

the cells were serum-starved for 18 hours in serum-depleted conditions (1% FBS). Chloroquine was used as inhibitor of lysosomal

degradation. The staining was performed using a commercially available kit called Cyto-ID® Autophagy Detection Kit by Enzo Life

Sciences which includes the autophagy-specific dye excitable with a 488nm laser. Data acquisition was performed on the 

ImageStreamX®. Image analysis for the quantification of fluorescent spots was realized with the IDEAS® software. In order 

to test the precision of the automated spot count subpopulations were chosen and quantified manually (Spearman correlation). 

The same strategy was applied to both cell types.  Fig. 1 Autophagic vesicles in 

Jurkat cells
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6. Discussion

6.1 Jurkat cells

Over all three experiments very high correlation coefficients are observed 

suggesting that the automated counts correlate very well to the manual counts  

(see Table 1). Having used a constant reasonable sample size of N=100 

(subpopulations) per sample (N=400 in total for each experiment), the 

reproducibility should be good.

Figure 2 shows the spot count means of the merged data from all experiments. 

Approximately 10'000 cells were analyzed per sample. The negative control (NC) 

and starved sample (ST) do not show accumulation of autophagic vesicles

suggesting that induction of autophagy has failed. The inhibited (CQ) and 

double-

treated (STCQ = starved and inhibited) samples show that autophagic vesicles 

have accumulated hence inhibition of the degradation has worked properly.

It is therefore suggested that basal autophagy is occurring in the cells.      

6.2 Peripheral mononuclear cells

With the correlation coefficients being relatively high and all P-values being 

very low (<0.0001), a good correlation between automated and manual counts 

is found. The best correlation is found in Experiment 3 (r=0.7922) (see Table 2).

Figure 3 shows the equivalent to figure 2 in PBMC. It is obvious that neither 

induction nor inhibition has worked in PBMC. All samples show similar spot count 

mean values. An induced state would show high counts in CQ and higher counts 

in the STCQ samples. NC should remain low and the ST sample might show

an increase depending on the turnover rate in the degradation.  


