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Summary of thesis contents

The integrity of tissue homeostasis is supported by stem cells that are capable
of both maintaining undifferentiated cells and generating differentiated cell type(s).
In some tissues, like mammalian intestinal crypts, stem cells cluster in an
anatomically specialized (“closed”) niche that determines the stem cell fates. In these
“closed” niche-supported systems, cells located within the niche will be maintained in
an undifferentiated state, and their displacement from the niche leads to
differentiation. In mouse testis, in contrast, spermatogenic stem cells appear to be
distributed over the basal compartment and intermingled with differentiating
progeny, representing “open” niche-supported stem cell systems. Here, the mechanism
controlling the balances generation of undifferentiated cells and the differentiating
cells are largely unknown. In this study, I propose a novel mechanism that allocates
these different stem cell fates under an open niche environment.

In mice, the vast majority of spermatogenic stem cell activity resides in a
small primitive subset, called “undifferentiated spermatogonia” (Aundifr). Aundiff
population is found to persist in seminiferous tubules. Whereas, Aunditft produce the
differentiating KIT+ A1 spermatogonia triggered by the periodical elevation of
retinoic acid (RA). In accordance with this, when mice are made deficient for Vitamin
A (VA), the precursor of RA, spermatogenesis is affected by the inhibition of Aunaitt =
A differentiation. When VA is added back to VA-deficient (VAD) animals, this process
and subsequent spermatogenesis resumes. However, all of Aunaitr do not differentiate,
but some Aunditf always remain undifferentiated when tissue RA level increases.
Although this is extremely important for the long-term maintenance of the stem cells
and the integrity of spermatogenesis, the underlying mechanism has been largely
unknown. In this study, I questioned the mechanism that determines whether each
Aunaitt differentiate or not in response to RA.

Since Aunditr is composed of GFRal+ and NGN3+ spermatogonia, I challenged
this question by examining the response of GFRal+ and NGN3+ population to RA.
First I investigated the kinetics of Gfral+, Ngn3+ and Kit+ cells after VA
administration in VAD mouse by in situ hybridization. When VA was replaced, Kit+
spermatogonia appeared and the number of Ngn3+ cells was decreased. However, the
number of Gfral+ cells remained unchanged. This prompted me to raise a working
hypothesis that NGN3+ cells differentiate in respond to RA but GFRal+ cells do not
differentiate.

Then, I examined the fate of each subpopulation of Aundiff Spermatogonia in the
VAD model using Cre-loxP based pulse-labeling system. I first pulse-labeled the
NGN3+ cells using Ngn3-CreERT™,;CAG-CAT-EGFP mice. In particular, NGN3+
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spermatogonia were irreversibly labeled with GFP by a single pulse of 40H-tamoxifen
(TM). After VA administration, almost all the GFP-labeled cells became KIT+ in 4
days. Then, I investigated the response of GFRal+ spermatogonia to RA using
Gfral-CreERT2;CAG-CAT-EGFP mice, and found that a constant number of cells
remained to be GFRal+, following VA re-administration. Moreover, I discovered that
the pulse-labeled GFRal+ cells proliferated and generate NGN3+ cells under the
continuous VAD situation.

Next, I sought to identify the mechanisms that cause the differential RA
responses between GFRal+ and NGN3+ spermatogonia. For this purpose, DNA
microarray analysis was performed using sorted fractions of GFRal+ and NGN3+
spermatogonia. It was found that Retinoic acid receptor gamma (Rarg) was
preferentially expressed in NGN3+ cells. To address the significance of the
differential expression of RARY, I generated Gfral-CreERT2,CAG-CAT-3xFLAG-Rarg
mice, in which injection of TM induces FLAG-tagged RARy expression in GFRal+
cells. The fate of FLAG-RARY expressing GFRal+ cells was tested in the VAD/VA
administration model. When VA was replaced, FLAG-RARy+ cells immediately
became KIT+. These results indicate that enforced expression of RARy provides the
GFRal+ cells with competence to differentiate to KIT+ cells in respond to RA. These
results inferred that, when exposed to a high concentration of RA, RARy drives the
NGN3+ cells to differentiation, while the absence of RARy allows the GFRal+ cells to
remain undifferentiated.

By assembling all the aforementioned findings, I propose how the stem cell
system is coordinated along the seminiferous epithelial cycle. Before the elevation of
RA, the entire Aunditf population is composed of a mixture of GFRal+ (RARy-) and
NGN3+ (RARy+) cells. When the RA amount increases, to which both GFRal+ and
NGN3+ spermatogonia appear to be equally exposed, only NGN3+ cells that express
RARy respond and differentiate into KIT+ cells, while GFRal+ cells remain
undifferentiated. Then, the GFRal+ cells replenish NGN3+ cells through a
RA-independent mechanism. This scenario would be paradigmatic for other “open”
niche-supported tissue stem cells, since it would allow the stem cell population to

maintain the undifferentiated pool while periodically producing the differentiating

progeny.
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Summary of the results of the doctoral thesis screening
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HE 2 9, Auwnditr X GFRal+MIfll & NGNS+ 2 FEN 572508, Zh 6 OMWEE D E
WIEAHTH -7z, £, v U AR FRRITASMEZRL, B2 I A (VA) 2650105
By 7 I NTHHLVTF /A (RA) BEBMICERSND, VAZ NTHIIRZSET
(VAD) ~ 7 ZDFEH Tl Aunaitr 2> 5 AL BUE FU AL~ O 53 L 235 1R 9 5 23, VA % FF#&
5325 R ERITHET 5,

MEEE 1L E T, VAD EBRAZ %2 H T GFRal+#ifid & NGN3+#IL D RA O i % Hig
L7z, XL ®IC, NGN3+#fld D Edn 2B 5 572912, VAD RHE D Ngn3-CreERT™;
CAG-CAT-EGFP~ 7 A X EX v 7 =% # 5 L T NGN3+filg 2 "L 2T X)L L7214,
VAZELHLTHobEFEE LT, ZOME, 7V HIOIIZEE A ERTHELHHIT KIT+HHH
fa~& 3k L7z, [RERIC Gfral-CreER"2; CAG-CAT-EGFP ~ 7 A % 1\ T, GFRal+#lja
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WICHFEE 1T, GFRal+flild & NGNS+l D RA KGO EWEZELHT A =X
AEMRF L 72, GFRal+#ifld & NGN3+ffilasz FACS IZ X VWEEIL, ~A4 27 a7 LA %17
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RARy % AT PEICHEI BB S ® 5. Gfral-CreERT?;, CAG-CAT-3xFLAG-Rarg ~ v A & {E
L7z, 2O~ A% VAD ki IZ L T GFRal+fil}a T RARy # 5@l B & ¥/~ 12 VA
G54 %5 L. FLAG-RARy+HI T L2 ic KIT+HM ~5 b Lz, L EDORERERNS
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720 GFRal+#fifiZ RA S 7T A 2% 6N TICRKRGMIEOEFEREDL Z LN R I NI,
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AT o T,
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95 NGN3+ffio THERK 41, RA A2 e 2 5 & NGN3+#In D &8 ) his L Torfk L.
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