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ABSTRACT Objective: To study the effect of lipid storage level in cellular lipid droplets (LDs) on the development of metabolic
diseases such as obesity and diabetes. Methods: We built up a high content LD imaging and quantitative analysis system to characterize
cellular LDs as three-dimensional dynamic parameters such as the total volume of cellular LDs in a cell, the number of total LDs in a cell,
and the average volume of LDs. We selected four types of cells including HeLa, AML-12, COS-7, and 3T3-L1 pre-adipocytes as our cell
models. Next, we characterized the various phenotypes of cellular LDs in the four types of cells including LD number and LD volume,
under different treatments by oleic acids, gene knockdown using RNA interference, and inhibitors for enzymes. Results: After treatment
of cells by using oleic acids, more LDs but not larger LDs were produced in AML-12 cells, while the other three types of cells exhibited
more and larger cellular LDs as the concentration of oleic acids increased. After knocking down the transcriptional expressions of 19 crit-
ical genes in a neutral lipid synthesis pathway in HeLa cells by using RNA interference, we found that double knockdown of DGAT1 and
DGAT?2 decreased lipid storage in cellular LDs. However, in COS-7 cells, only DGAT1 knockdown was sufficient to reduce the lipid
storage of cellular LDs. Interestingly, after treatment of cells by using DGAT1 and DGAT?2 inhibitors, we further found that the four
types of cells were classified into two groups, HeLa and AML-12 versus COS-7 and 3T3-L1, based on the different resultant phenotypes
of LDs. We measured and confirmed that the two different treated responses of cells resulted from the different transcriptional profiles of
DGAT!1 and DGAT?2. Conclusions: In this study, we built up a high content LD imaging and quantitative analysis system to characterize
the number and size of cellular LDs in the four types of cell lines. We found that the various phenotypes of LDs in the four types of cells
and these results uncover a relationship between the lipid storage mode of cellular LDs and the transcriptional profiles of enzymes in the
neutral lipid synthesis pathway.
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Fig.1 High content three-dimensional LD imaging and analysis system was applied to quantify the number and size of cellular LDs
(A) The quantification process in a high content three-dimensional LD imaging and analysis system. (B) The dynamics of cellular LDs in four types of
cells such as HeLa, AML-12, 3T3-L1, and COS-7 cells under the treatment using different concentrations of oleic acids. (C) The total volume of LDs per

cell in the four types of cells after the treatment using 200 wM oleic acids.
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Fig.2 The measurement of lipid storage under the treatment using various concentrations of oleic acids by using high content LD imaging. After the

treatment of various concentrations of oleic acids, the three dynamic parameters of LDs in (A) HeLa, (B) 3T3-L1, (C) COS-7, and (D) AML-12 cells.
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Fig.3 The measurement of lipid storage under the treatment using various concentrations of oleic acids by using a biochemical assay

Under the treatment using various concentrations of oleic acids, the changed quantities of triglycerides in HeLa or AML-12 cells on (A) a 6 cm dish or (B)

a 10 cm dish were measured by a biochemical assay.
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Fig.4 Knockdown of key genes in the neutral lipid synthesis pathway resulted in various phenotypes of cellular LDs

(A) A triglycerides synthesis pathway. (B) Under the treatment using oleic acids or not, the transcriptional expression of 19 key enzymes in the neutral

lipid synthesis pathway. (C) The total volume of LDs per cell in HeLa cells after knocking down the transcriptional expression levels of the 19 key
enzymes. (D) The total volume of LDs per cell in COS-7 cells after knocking down the transcriptional expression levels of DGAT1 or DGAT2. siATGL

was a positive control that increased the total volume of LDs per cell.
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Fig. 5 The dynamics of cellular LDs after the treatment using DGAT inhibitors resulted from the difference in the transcriptional expression levels of
DGATI and DGAT2
The dynamics of cellular LDs in (A) HeLa and AML-12 cell or (B) COS-7 and 3T3-L1 cells after the treatment using various concentrations of DGAT1
and DGAT? inhibitors. The transcriptional expression levels of DGAT1 and DGAT?2 are in (C) HeLa and AML-12 cell or (B) COS-7 and 3T3-L1 cells.
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