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Form 3
Abstract of Thesis

Name ( SHEN YIGANG )

Microfluidic platforms for thermal convection-based manipulation and microcasting system

Tit]
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Abstract of Thesis

This thesis describes the applications of particle manipulation based on thermal convection in microfluidics and a
microfluidic system based on microcasting technology in biological field. Microfluidics refers to the science and
methods that control, manipulate, process, and analyze small amounts of fluids. This technique is revolutionizing
the traditional methods and equipment with the great advantages of the miniaturization ability, saving time,
space, reagent, and cost, together with accelerating reaction rate and enhancing the sensitivity. The main
proposal of this thesis is to explore this new manipulation method by thermal convection in microfluidics, develop
integrated microfluidic and microcasting systems, and show the new opportunities in the biological field.
Therefore, this research is both of an exploratory nature and practical application. In the initial part of this
research, I investigate thermal convection in a static fluid and develop a contactless manipulation platform based
on thermal convection. The platform combines microheaters and an area cooling system to precisely steer
sedimentary particles or cells through thermal convection. Results of a cell viability test confirmed the method's
biocompatibility. In the second part, I explore thermal convection in a continuous fluid and present an integrated
microfluidic system based on thermal convection to realize 2D/3D manipulation. By increasing the temperature of
the microheater, the direction of particle motion changes from the horizontal direction to the vertical direction.
Based on the principle, a polydimethylsiloxane (PDMS) microchannel with multi-outlets in different height is
developed to demonstrate the application for 2D/3D manipulation. Third, I develop a microcasting system in
microfluidics for cell patterning. The microcasting system is based on a degassed PDMS microchannel without
any pumps to control the flow. Through experiments and simulations, the pressure change, geometry parameters,
and viscosity effect are clarified. Long-time cell patterning is archived by using the cross-linked albumin as the
casting material for cell culture. Overall, I develop the microfluidic platform based on thermal convection for
particles/cells manipulation and microcasting system for cell culture, which extends the way of manipulation in

microfluidics and showcases successful application in biological process.
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Form 3
Abstract of Thesis

Name (VU CONG QUANG)

Development of genetically encoded temperature indicators for intracellular thermometry at the

subcellular level

Title (LA T L~ L O EEFH O 720 OBARF-BIIC 71— F S iR E R R E OB %)

Abstract of Thesis

Genetically encoded temperature indicators (GETIs) allow the measurement of temperature dynamics at a
subcellular resolution in live cells. However, GETIs have suffered from low temperature sensitivity when
comparing to other nanothermometers, e.g., chemical-based fluorescent nanothermometers. To clearly visualize
heat production from a biological process, it is highly desirable to develop GETIs that exhibit high temperature
sensitivity for accurate temperature measurement as well as high specificity to temperature. In this thesis, I
present two GETIs: (1) Elastin-Like Polypeptide based TEMPerature indicator (ELP-TEMP) with the highest
ever temperature sensitivity among the existing fluorescent nanothermometers, and (2) Blue-excited genetically
encoded TEMPerature indicator (B-gTEMP) that responded specifically to the temperature. ELP-TEMP is
comprised of a temperature-responsive elastin-like polypeptide (ELP) fused with a cyan fluorescent protein (FP),
mTurquoise2 (mT), and a yellow FP, mVenus (mV), as the donor and acceptor, respectively, of Férster resonance
energy transfer (FRET). At elevated temperatures, the ELP moiety in ELP-TEMP undergoes a liquid-liquid
phase transition leading to an increase in the FRET efficiency. In HeLa cells, ELP-TEMP responded to the
temperature from 33 to 40 °C with a maximum temperature sensitivity of 45.1 + 8.1 percent signal change per
one degree Celsius (%/°C), which was the highest ever temperature sensitivity among the existing fluorescent
nanothermometers. Although ELP-TEMP showed sensitivity not only to temperature but also to
macromolecular crowding and self-concentration, I was able to correct the output of ELP-TEMP to achieve
accurate temperature measurements at a subcellular resolution. I successfully applied ELP-TEMP to measure
temperature changes in live cells induced by a local heat spot, even if the temperature difference was as small
as <1°C, and to visualize heat production from Ca?" influx induced by a chemical stimulation. Furthermore, I
investigated temperatures in the nucleus and cytoplasm of live HeLa cells and found that their temperatures
were almost the same within the temperature resolution of the measurement. This result would provide
important information to shed light on a controversy about a discrepancy between a theoretical calculation and
experimental measurements of intracellular temperature changes in single cells. On the other hand, B-gTEMP
is a chimera of a green FP, mNeonGreen (mNG), showing low temperature sensitivity of —0.7%/°C, and a red
FP, tdTomato (tdT), showing the highest temperature sensitivity of —2.9%/°C among the examined FPs. B-
gTEMP is the improved version of gTEMP, a GETI composed of a blue FP, Sirius, and a green FP, mT-Sapphire
(mT-Sap). B-gTEMP showed a response in a wide temperature range of 15—50 °C with an average temperature
sensitivity of 2.2 + 1.2%/°C, comparable to that of gTEMP (2.6%/°C). Because B-gTEMP utilized a visible light
excitation whereas gTEMP utilized ultraviolet excitation, temperature imaging with B-gTEMP showed lower
phototoxicity and autofluorescence background than that of gTEMP. Additionally, B-gTEMP showed higher
temperature resolution than gTEMP. Furthermore, temperature measurement with B-gTEMP was not affected
by macromolecular crowding and self-concentration, which are the advantages over ELP-TEMP. Using B-
gTEMP, I successfully monitored quick temperature rises induced by a local heat spot with a temporal resolution
of 10 ms. In addition, I demonstrated the functionality of B-gTEMP in conventional temperature imaging to
measure heat production in mitochondria induced by a chemical stimulation, and investigated temperature in
the nucleus and cytoplasm of live HeLa cells, and found that the temperature was almost the same between
them within the temperature resolution of the measurement, consistent with the result of ELP-TEMP.
Altogether, ELP-TEMP and B-gTEMP are useful GETIs for future investigation of cell thermobiology.
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Abstract of Thesis

Name (Sanchenkova Ksenia)

miR-215 regulates the homeostasis of small intestine
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MicroRNAs are a class of non-coding short-chained RNAs, which control many functions of a
cell by down-regulating their target genes. Recent works indicate that miRNAs play a role in the
maintenance of a gut homeostasis. miR-215 was found to be highly expressed in the epithelial
cells of the small intestine, however the involvement of miR-215 in gut immunity was until now
unknown. Here, we show that miR-215 downregulates CXCL12, which leads to elevated
recruitment of Th17 cells into small intestine, resulting in a strong inflammation. Mice lacking
miR-215 showed increased number of Th17 cells in the lamina propria of the small intestine with
the enhanced CXCL12 expression in the epithelial cells. The mutant mice further showed the high
susceptibility to an inflammation induced by indomethacin. Our finding opens a promising

perspective of targeting miR-215 to treat inflammatory conditions in small intestine.
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Abstract of Thesis

Name (Parajuli Gyanu)

Aridba augments tryptophan metabolism and chemokine expression to

Title promote the immune evasion of mesenchymal tumor subtypes.
1
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Abstract of Thesis

The acquisition of mesenchymal traits in immunologically cold tumors leads to immune evasion. However, the

underlying molecular mechanisms that link tumor immune evasiveness and mesenchymal phenotypes remain unclear.

In this study, I found that the expression levels of AT-rich interaction domain—containing protein ba (Aridba),

an RNA-binding protein, is substantially increased in mesenchymal tumor subtypes. The deletion of Aridba in

tumor cell lines enhanced antitumor immunity in immunocompetent mice but not in immunodeficient mice

highlighting the role of Aridba in immune evasion. Furthermore, an Aridba-deficient tumor microenvironment

was shown to have robust antitumor immunity, as manifested by the suppressed infiltration of granulocytic

myeloid-derived suppressor cells and regulatory T-cells, whereas infiltrated T-1ymphocytes were more cytotoxic

and less exhausted. Mechanistically, Aridba stabilized /dol and Cc/2 mRNAs and augmented their expression,

resulting in enhanced tryptophan catabolism and an immunosuppressive tumor microenvironment. Furthermore,

Aridba expression was substantially increased in mesenchymal subtypes of pancreatic ductal adenocarcinoma

(PDAC) and colorectal cancers (CRC), and Aridba promoted TGF-B-induced and IL-6-induced epithelial-mesenchymal

transition and acquisition of invasiveness in PDAC. Thus, my findings unraveled a novel role of Aridba as

a genetic driver of the immune evasion of mesenchymal tumors. My data expands the role of Aridba beyond

inflammatory diseases, and suggest Aridba as a promising target for the treatment of immunotolerant malignant

tumors.
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