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HATAIWAN CHOKECHUWATTANALERT : DISCRIMINATION OF
BIOCHEMICAL CHANGES IN HUMAN WHARTON’S JELLY DERIVED
MESENCHYMAL STEM CELLS CULTURED UNDER XENO-FREE
SYSTEMS BY FT-IR MICROSPECTROSCOPY. THESIS ADVISOR :

ASSOC. PROF. RANGSUN PARNPAI, Ph.D., 66 PP.

XENO-FREE CULTURE SYSTEM/MESENCHYMAL STEM CELLS

PROPERTIES/FT-IR MICROSPECTROSCOPY

Mesenchymal stem cells (MSCs) are adult stem cells of particularly interest
for stem cell-based therapy. However, the uses of fetal bovine serum (FBS) in
conventional culture systems have raised concerns about the therapeutic safety for use
with patients. Moreover, key properties of MSCs such as proliferation rate,
transcriptional profiles, and mesodermal differentiation potential have been shown to
be altered under different culture systems. Therefore, in order to facilitate the safety of
clinical applications, this study aimes to establish a xeno-free culture system using
human cord blood serum (hCBS) for human Wharton’s Jelly derived MSCs (hWJ-
MSCs) derivation. The effects of different culture systems on hWJ-MSCs properties
were studied by standard characterization methods compared with results obtained
using Fourier transform infrared (FT-IR) microspectroscopy. In this study, individual
umbilical cords were divided and cultured by conventional xeno- (fetal bovine serum:
FBS) and xeno-free (human cord blood serum: hCBS) culture systems. hWJ-MSCs
cultured in hCBS (hWJ-MSCs-hCBS) exhibited a significantly higher cumulative

population doubling with shorter population doubling time when compared with hWJ-



MSCs cultured in FBS (hWJ-MSCs-FBS). However, there were no differences in cell
morphology and MSCs properties detected by standard characterization methods. In
contrast, Principal component analysis (PCA) of FT-IR spectra of hWJ-MSCs derived
from both culture systems revealed that the spectra of hWJ-MSCs-FBS and hWJ-
MSCs-hCBS could be discriminated in scores plots along PC1, which can be explain
by the 63% of the total variance in the dataset. hWJ-MSCs-FBS revealed higher
absorption in lipid bands (C-H stretching spectral region (3,000-2,800 cm™)), lipid
ester C=0 stretching peak (1,743 cm™), and nucleic acids region (1,261-900 cm™)
whereas hWJ-MSCs-hCBS have higher -sheet rich proteins (increase in absorbance
at 1,639 cm™).

In summary, this study demonstrated that the type of serum supplement
directly influences the properties of the cultivated hWJ-MSCs. These findings
provided the evidence that the xeno-free culture system is suitable for the ex vivo
expansion of clinical grade MSCs. Moreover, this study was the first to demonstrate
that FT-IR microspectroscopy coupled with PCA analysis, but the standard
characterization methods could not, could discriminate the cells derived from different
culture systems. This technique reveals the organic functional groups of hWJ-MSCs
via a single measurement of an infrared absorption, without any requirement of
complicated labeling process. Therefore, the data presented here shows that FT-IR

microspectroscopy is an alternative outstanding technique for MSCs characterization.
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