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Blood flow carries oxygen to the whole body, and dys-regulation of blood flow causes serious
diseases such as thrombopoiesis, polythycemia, and anemia. Because of the closed system of
blood circulation, blood flow requires the correct size/number of erythrocytes. Active
angiogenesis during embryonic development burdens erythrocytes with two tasks: having the
proper size and number for maintenance of blood flow. As to the number, longer blood
vessels require more erythrocytes; however, too many erythrocytes form a thrombus, as in
polycythemia. Regarding size, narrower blood vessels require smaller erythrocytes; however,
small erythrocytes cannot carry enough oxygen. Therefore, we decided to use the medaka fish
as a model animal to observe blood flow in early developmental stages because of its
transparent body and quick development.

In this study, we divided the blood flow event into 3 phases during medaka development, and
discovered adaptation of the size/number of erythrocytes for the phase transitions of blood
flow. The size/number in erythrocytes was found to be regulated by proliferation for proper
blood flow. Previously, we isolated a medaka mutant for blood cells, kyoho (kyo), which has
erythrocytes of large size. In the positional cloning of the candidate gene for kyo, we
identified the TFDP1 gene, which is known as the regulator of the G1-S phase transition. By
the quantification of DNA content in erythrocytes, we found that erythrocytes in WT embryos
had 4N-8N DNA content, and the results of 5-ethynyl-2’-deoxyuridine incorporation and
cell-cycle inhibitor treatment demonstrated the proliferation of erythrocytes of WT embryos,
indicating that erythrocytes were controlled by this tetraploid-cell cycle. Erythrocytes in kyo
showed a large size of cell with higher polyploidization but no change in the number at st25
to st31, which indicates that these phenotypes are consistent with the concept of the
proliferation-mediated regulation of the size/number of erythrocytes following
polyploidization due to the start of blood flow.
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