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1. Introduction
Adult stem cells play a key role in maintaining

homeostasis of cell number by repairing damaged or .
lost cells through regeneration in a variety of tissues. - i re . e b i - :
Typical characteristics of stem cells are slow cycle, - s s . e 2
asymmetric division, DNA immortal chain and L' ‘ b
resistance to some cytotoxicity drug and so on. Adult § _ - v it o

Ly - Y P

stem cells contribute to different cellular turnover

and regenerative potential in varies of tissues and

Fig.1 Schematic illustration of innovative method for
el : ) ) identification of tissue residential adult stem cell by
identified in several high cellular turnover tissues, usingGalNAc carbohydrate binding protein bioprobe

an effective and universal method of precise and

organs. Although adult stem cells have been

convincing identification for adult stem cells and their locations is still lacking, particularly in low turnover
tissues.

In this study, I report the innovative method for identification of tissue residential adult stem cell by using
GalNAc carbohydrate binding bioprobe and pulse-chase post injury model in low cellular turnover tissues of
mice. Here, 5-fluorouracil (5-Fu) was used to kill the proliferating cells, and then activates the surviving
tissue-residential adult stem cells; making the further label possible(KAL method). On one hand, the
nucleus of these cells can be labeled by DNA synthesis precursor analogues 5-bromo-2-deoxyuridine (BrdU)
after injury; then stem cells through the divide asymmetrically to retain the “immortal”’ DNA
strands(Fig.1A). Other hand, Dolichos bifows agglutinin (DBA) can specific identify N-acetylgalactosamine
(GalNAc) residue (Fig.1B). Further study indicated that specific ligand of DBA-binding has relationship with
pluripotent and early differentiation state. For further identifying the heterogeneous and primitive adult
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stem cell, by introducing the GalNAc carbohydrate binding bioprobe DBA as a cell-surface indicator of the
pluripotency and differentiation state(Fig.1C, D), which finally forms a rapid, reliable and universal
identification method(KADL method).

Chapter 2: Using anti-BrdU for identification of functional tissue-resident hepatic stem cell

0 % 1018 20 28

Here, anti-BrdU was used to tag the possible i ot
hepatic stem cells (HSCs) in newborn pups(Fig.2A), lilllﬂ Iw Pty A8
followed by a trace period of up to 23 months as a e
control group for label retaining cells (LRCs).
Moreover, HSCs still retained labels and located
definitively in the periportal region after a prolonged 0 : L ; -
chase. The number of these LRCs remains nearly ; . ‘” .
constant during the lifespan of the mice (Fig.2B). %3 IL’""' § ik

¢
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Furthermore, 5-Fu was used to induce injury, and

rapidly kill proliferating cells in adult liver tissue, Fig-2 identification and location of hepatic stem cells in liver
; i ; . tissues. A. Schematic outlines of the BrdU pulse chase. B.
and activate and label surviving possible hepatic  Ager 2 2-week and 23-month chase; And stafistical analysis of

stem cells. The location and kinetics of activated BrdU-etaining cells. C. Chasing at day 3 and 4 post-injury;
BrdU-tagged HSCs were analyzed at different times And et aredysis of Br) posiieosts.
after injury (Fig.2C). I observed that the activation of possible hepatic stem cells tagged by the BrdU label
was almost completely inhibited at day 4 post-injury. And the label retaining cells locate primarily in the
periportal and pericentral regions. LRCs may represent a part of a heterogeneous population of hepatic stem
cells. The label retention combined with 5-Fu induced injury method provided a direct and rapid way to
identify hepatic stem cells and their locations within the liver.

Chapter 3: Under conditions of the homeostasis and regeneration stress model, pulse chasing the

cardiac stem cell on low regenerative potentialllow cellular tumover tissue through anti-BrdU label

BrdU was used here to tag the possible cardiac

stem cells (CSCs) in newborn pups and young mice
post-5-Fu treatment (Fig.3A). In the pulse-chase
model, a trace period of up to 24 months was
performed. The result from the
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immunohistostaining  with  anti-BrdU  label
suggested that label retaining cells(LRCs)
definitively exist in the heart tissues of adult mice
(Fig.3B, C), and some LRCs express the stem cell

marker, Sca-1 or c-Kit, and are located primarily in Fig.3 Identification and location of cardiac stem cells. A. Shows

; s ) schematic outlines of pulse chase and postinjury. B. Shows the
the myocardium and vascular endothelial regions. molecular characteristics of cardiac stem cells after 2 months
chasing. C. Shows 24 months chasing. D. Shows statistical analysis
of BrdU label-etaining cells. E. Shows the molecular characteristics
constant during the lifespan of the mouse (Figure  of cardiac stem cells at 0 hour on day 4 postinjury. F. Shows
statistical analysis of BrdU label-etaining cells at day 3 to day 7. G
Shows statistical analysis of double positive cells (BrdU and Sca-1 or

cells were almost completely cleared on day 3(Fig. cKit)

Moreover, the number of LRCs remains nearly

3D). After injury induced by 5-Fu, the proliferating

3F), while a great number of activated-CSCs were observed on day 4 (Fig.3F) and these cells were in charge
of regeneration of heart tissues post-injury. A small percentage of the CSCs express Sca-1 or c-Kit post-injury
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(Fig.3E). The percentage of double positive cells (BrdU+/c-Kit+ or BrdU+/Sca-1+) was approximately 38%
and 15% respectively at 2 months of chasing, 18% and 11% on day 4 post-injury (Figure 3G), which
suggested that several type of cardiac stem cells possess the ability of retaining BrdU label and take part in
the regeneration of injured heart.
Chapter 4: The Dolichos biflorus Agglutinin_as protein bioprobe for further monitoring asymmetric
division of hepatic stem cell during homeostasis and repair status

Based on our previously reported method, I further
introduce the dolichos biflorus agglutinin (DBA) as a
suitable pluripotency associated cellular surface

bioprobe for identification of primitive hepatic stem cell.

DBA/BrdU-double staining for liver tissue sections was
performed at different time point during the process of
liver regeneration. The results further analyzed verify

that more primitive stem cells are existed in the liver

tissues. Immunohistochemistry of liver tissue sections
was performed with anti-BrdU and DBA bioprobe for
mice of chasing 2 weeks (Fig.4A). There are two types of

The number of positive cells

Brdu+

cell subpopulations (hepatic stem cells) with different

Fig.4 Immunohistochemistry analysis with anti-BrdU label and DBA

bioprobe. A. Chasing for 2 weeks. B. Stafistical analysis result. C.

label retaining cells (LRCs), which can be classified (?cheme of emegmgﬁt postnjury. D. Shows 0 hour chasing at
. . . a stinjury. E. Shows 60 hour chasing at da -injury. F.

BrdU high and BrdU low. Another is DBA positive  Sotelatane ot HRLE)S poschy

subpopulation cells (DBA high and DBA low). I further

found that identified liver cells are potential more primitive stem cells, which can perform asymmetric cell

characteristics in liver tissue (Fig.4a1), that is BrdU

division. It produces two offspring with affinity of DBA lectin; one of the offspring can keep the label
retaining. Further observation showed that these DBA positive cells have a high nucleo-cytoplasmic-ratio,
which indicated that these cells probably are immature cells. Moreover, this further indicated that stem cells
pool is heterogeneous in the liver tissue. Additionally, most of DBA positive cells distributes in groups and
located mainly in the vicinity of duct-like structure, containing Cannal of Hering of billiary tree (Fig. 4as-as).
The number of BrdU positive cells is more than three times as many as that in DBA positive cells (Fig.4B),
suggested that the DBA positive cells are most likely more primitive hepatic stem cells. With the 5-Fu
induced injury model plus DBA & BrdU-label (Fig.4C), I still can observe the DBA-affinity cells (Fig.4D, E).
According with statistical analysis, kinetics of BrdU-positive and DBA-positive cells showed similar
tendency post-injury (Fig.4F). That is, DBA as a reliable protein bioprobe can be used to identify more
primitive hepatic stem cell during homeostasis and repair status.

Chapter 5: Identification of more primitive tissue-residential cardiac stem cell by introduction of GalNAc

carbohydrate-binding protein bioprobe
A subpopulation of DBA positive cells can be reappeared in heart tissues post 5-Fu induced-injury.

Immunohistochemistry analysis of heart tissue sections was performed with FITC labeled DBA lectin
bioprobe and anti-BrdU antibody (Fig. 5A). After treatment with 5-Fu for 3days, a population of DBA+ cells
can be found at that time (Fig.5B KADL). However, almost none of BrdU positive cells appeared in the
cardiac tissues (Fig.5B KAL), which indicated that the DBA+ cells are possible more primitive cardiac stem
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cells, which firstly be activated. Cardiac stem cells were E
activated and their differentiation was initiated on day 4,
however, DBA+ cells rarely are detected (Fig.5C). BrdU+

cells and DBA+ cells show opposite trend in change of cell Boslomecemnos

number. According with the statistical analysis, it is

B day3 € day4 D day5 F
significant that reduction of DBA+/BrdU- cells (~1.15%) s
is almost equal to the increase of BrdU+/DBA- cells at g... P o
the same time (~1.24%) (Fig.5E). On day 5, T detected i... ‘‘‘‘‘‘ —
some DBA+/BrdU+ cells (Fig. 5D), which showed that 4B 53 ik Ml

DBA+ cells along with differentiation pathway, still - ) _ ,
) . Fig.5 Immunostaining of DBA-bioprobe for heart tissue sections
capable of resistant to toxicity of 5-Fu. The results postinducedinjury. A. Scheme of liverinjury and timing of double

immunostaining with DBA bioprobe and anti-BrdU antibody. B-D.
Immunohistochemistry of heart sections with KAL and KADL

heterogeneous, and the pool is composed of primitive methods. E. Statistical analysis of BrdU+ cells and DBA+ cells. F.
o e Dynamic model of cardiac stem cells with KADL method. PASC:
stem cell (PASC), secondary primitive stem cell primitive stem cell, secondary-PASC: secondary primitive stem

(SeCOﬂdary-PASC), and adult stem cell (ASC), committed cell, ASC: adult stem cell, committed adult stem cell.
adult stem cell (Fig.5F).It further demonstrated that the

Innovative method for 1dentification of tissue residential

suggested that the cardiac stem cell pool is

adult stem cell in low cellular turnover tissues of mice is
reliable.
Chapter 6: Conclusions

The study here is a meaningful and promising attempt on identification of tissue-residential adult stem
cell by using GalNAc carbohydrate binding lectin bioprobe combined with pulse-chase post injury model.
5-fluorouracil was used to kill the proliferating cells, and then activates the surviving tissue-residential adult
stem cells; making the further label possible. In low cellular turnover tissue (liver, heart) of mice,
tissue-residential adult stem cells (hepatic stem cell, cardiac stem cell) can be labeled and keep these labels
through the asymmetrical division. For further identifying the heterogeneous and primitive adult stem cell,
by introducing the GalNAc carbohydrate binding bioprobe (dolichos biflorus agglutinin: DBA) as an
indicator of the pluripotency and the monitor of the early differentiation undergoing in living cell. Ligand of
DBA bioprobe probably is the characteristics molecular expressed in surface membrane of adult stem cells,
and the expression of the ligand will gradually declined when they move towards to differentiation. The
ligand of DBA bioprobe can be used to discriminate pluripotent cells from mixed cell populations. Therefore,
in this study, an innovative method can be used as a reliable, valuable tool to identify and isolate the adult
stem cells. It is also an exploration and understanding for dynamic gradient development process of
tissue-residential adult stem cell, which will lead to the new direction and basis for further detailed research
and application depend on different types of adult stem cells.
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