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�$�&�.�1�2�:�/�(�'�*�(�0�(�1�7�6��

�$�Q�\���D�F�K�L�H�Y�H�P�H�Q�W�V���,���K�D�Y�H���P�D�G�H���,���R�Z�H���W�R���W�K�H���S�H�R�S�O�H���Z�K�R���V�X�S�S�R�U�W�H�G���P�H�����)�R�U�H�P�R�V�W���L�V���P�\���D�G�Y�L�V�R�U����

�3�U�R�I���$�O�D�Q���%�D�[�W�H�U�����+�H���S�U�R�Y�L�G�H�G���P�H���Z�L�W�K���V�W�L�P�X�O�D�W�L�Q�J���Z�R�U�N���D�Q�G���D���F�U�L�W�L�F�D�O���H�\�H�����Z�K�L�F�K���K�D�V���E�H�H�Q��

�I�X�Q�G�D�P�H�Q�W�D�O���W�R���P�\���W�U�D�L�Q�L�Q�J���D�V���D���V�F�L�H�Q�W�L�V�W�����+�H���K�D�V���V�X�S�S�R�U�W�H�G���P�H���W�K�U�R�X�J�K�R�X�W���P�\���W�K�H�V�L�V���Z�L�W�K���K�L�V��

�S�D�W�L�H�Q�F�H���D�Q�G���N�Q�R�Z�O�H�G�J�H�����Z�L�W�K�R�X�W���K�L�V���H�Q�F�R�X�U�D�J�H�P�H�Q�W���D�Q�G���V�X�S�S�R�U�W���W�K�L�V���W�K�H�V�L�V���Z�R�X�O�G���Q�R�W���K�D�Y�H���E�H�H�Q��

�F�R�P�S�O�H�W�H�G���R�U���Z�U�L�W�W�H�Q������

�0�\���F�R���V�X�S�H�U�Y�L�V�R�U���D�W���W�K�H���-�D�P�H�V���&�R�R�N���8�Q�L�Y�H�U�V�L�W�\���±���'�U���0�D�U�J�D�U�H�W���-�R�U�G�D�Q�������K�D�V���E�H�H�Q���D�O�Z�D�\�V���K�H�O�S�I�X�O��

�D�Q�G���V�X�S�S�R�U�W�L�Y�H�����,�Q���D�G�G�L�W�L�R�Q���W�R���E�H�L�Q�J���D�Q���H�[�F�H�O�O�H�Q�W���W�H�D�F�K�H�U���G�X�U�L�Q�J���P�\���V�W�X�G�L�H�V�����S�U�H�S�D�U�L�Q�J���W�K�H��

�9�D�O�S�K�D�������F�R�Q�V�W�U�X�F�W�V�����H�V�W�D�E�O�L�V�K�L�Q�J���W�K�H���W�U�D�Q�V�J�H�Q�L�F���O�L�Q�H�V�����D�Q�G���S�H�U�I�R�U�P�L�Q�J���P�L�F�U�R�D�U�U�D�\�V���D�Q�G���D�Q�D�O�\�V�H�V����

�,�
�Y�H���H�Q�M�R�\�H�G���P�\���G�L�V�F�X�V�V�L�R�Q�V���Z�L�W�K���K�H�U���R�X�W�V�L�G�H���R�I���W�K�H���O�D�E������

�7�K�H���%�D�[�W�H�U���O�D�E���K�D�V���E�H�H�Q���D���J�U�H�D�W���S�O�D�F�H���W�R���Z�R�U�N�����6ocorro Miranda-Hernandez���I�L�U�V�W���L�Q�W�U�R�G�X�F�H�G���P�H��

�W�R���W�K�H���O�D�E���D�Q�G���V�K�R�Z�H�G���P�H���W�K�H���Z�D�\�V���R�I���I�O�R�Z���F�\�W�R�P�H�W�U�\�����%�H�Q�M�D�P�L�Q���&�U�R�Z�O�H�\���Z�D�V���D�Q���L�Q�Y�D�O�X�D�E�O�H��

�F�R�O�O�H�D�J�X�H�����I�X�O�O���R�I���H�[�S�H�U�L�H�Q�F�H���D�Q�G���L�Q�I�R�U�P�D�W�L�R�Q���D�Q�G���D���J�U�H�D�W���L�Q�W�H�O�O�H�F�W�X�D�O���V�X�S�S�R�U�W�H�U�����/�H�W�L�W�L�D���6�P�L�W�K���D�Q�G��

�0�R�U�J�D�Q�H���0�R�U�H�D�X���F�R�O�O�D�E�R�U�D�W�H�G���Z�L�W�K���P�H���R�Q���V�L�J�Q�L�I�L�F�D�Q�W���S�R�U�W�L�R�Q�V���R�I���W�K�L�V���Z�R�U�N���D�Q�G���G�H�V�H�U�Y�H���P�X�F�K��

�F�U�H�G�L�W���R�Q���P�L�F�U�R�D�U�U�D�\���D�Q�G���T�3�&�5���H�[�S�H�U�L�P�H�Q�W�V�����0�D�Q�\���W�K�D�Q�N�V���W�R���$�G�U�L�D�Q���*�H�P�L�D�U�W�R���D�Q�G���7�L�D�Q�J�O�H���/�L�X��

�I�R�U���J�U�H�D�W���F�R�Q�W�U�L�E�X�W�L�R�Q���W�R���O�D�U�J�H���)�$�&�6���H�[�S�H�U�L�P�H�Q�W�V�����H�Y�H�Q���D�W���R�G�G���W�L�P�H�V�����6�S�H�F�L�D�O���W�K�D�Q�N�V���W�R���.�D�U�L�Q�Q�H��

�/�D�Z���I�R�U���E�H�L�Q�J���Y�H�U�\���K�H�O�S�I�X�O���D�W���W�K�H���O�D�E���D�Q�G���H�G�L�W�R�U�L�D�O���D�V�V�L�V�W�D�Q�F�H������

�&�R�O�O�D�E�R�U�D�W�R�U�V���K�D�Y�H���P�D�G�H���W�K�L�V���Z�R�U�N���S�R�V�V�L�E�O�H�����,���Z�R�X�O�G���O�L�N�H���W�R���D�F�N�Q�R�Z�O�H�G�J�H���W�K�H���N�L�Q�G���J�L�I�W���R�I���W�K�H��

�9�.�������-�.�������W�U�D�Q�V�J�H�Q�L�F���F�R�Q�V�W�U�X�F�W���E�\���3�U�R�I���$�O�E�H�U�W���%�H�Q�G�H�O�D�F�����W�K�H���D�G�Y�L�F�H�����V�X�J�J�H�V�W�L�R�Q�V���D�Q�G���F�R�P�P�H�Q�W�V��

�R�I���3�U�R�I���'�D�O�H���*�R�G�I�U�H�\�����R�E�O�L�J�L�Q�J���L�Q�V�W�U�X�F�W�L�R�Q���D�Q�G���L�Q�V�L�J�K�W���I�U�R�P���3�U�R�I���6�W�X�D�U�W���%�H�U�]�L�Q�V�����V�X�S�S�R�U�W���W�R��

�F�R�Q�V�W�U�X�F�W���W�K�H���Q�H�W�Z�R�U�N���I�U�R�P���'�U���'�U�D�J�D�Q�D���6�W�D�Q�O�H�\�����K�H�O�S�I�X�O���G�L�V�F�X�V�V�L�R�Q�V���Z�L�W�K���3�U�R�I���-�R�Q�D�W�K�D�Q���6�S�U�H�Q�W��

�D�Q�G���3�U�R�I���%�L�O�O���+�H�D�W�K���D�Q�G���H�G�L�W�R�U�L�D�O���D�V�V�L�V�W�D�Q�F�H���I�U�R�P���'�U���-�H�Q�Q�L�I�H�U���$�W�K�H�U�W�R�Q������
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�$�Q�G���Q�R�Q�H���R�I���W�K�L�V���Z�R�U�N���F�R�X�O�G���K�D�Y�H���E�H�H�Q���G�R�Q�H���Z�L�W�K�R�X�W���W�K�H���K�H�O�S���D�Q�G���V�X�S�S�R�U�W���R�I���R�X�U���D�Q�L�P�D�O��

�D�W�W�H�Q�G�D�Q�W�V�����0�V���.�\�O�L�H���5�R�E�H�U�W�V�R�Q�����0�V���6�H�U�U�L�Q���5�R�Z�D�U�W�K�����0�V���1�L�F�R�O�H���)�U�D�V�H�U�����0�V���-�R���$�Q�Q�H���'�L�D�]���D�Q�G���0�U��

�/�L�D�P���)�L�Q�Q����

�0�\���W�L�P�H���K�H�U�H���K�D�V���E�H�H�Q���V�X�S�S�R�U�W�H�G���E�\���D�Q���$�X�V�W�U�D�O�L�D�Q���'�H�Y�H�O�R�S�P�H�Q�W���6�F�K�R�O�D�U�V�K�L�S�����7�K�L�V���Z�R�U�N���Z�D�V��

�I�X�Q�G�H�G���E�\���W�K�H���1�+�0�5�&�����L�Q�W�U�D�P�X�U�D�O���I�X�Q�G�L�Q�J���D�Q�G���Z�D�L�Y�H�U�V���I�U�R�P���-�D�P�H�V���&�R�R�N���8�Q�L�Y�H�U�V�L�W�\�����7�U�D�Y�H�O��

�$�Z�D�U�G���%�X�U�V�D�U�\���I�U�R�P���5�R�E�H�U�W���/�R�J�D�Q���0�H�P�R�U�L�D�O���*�U�D�Q�W�����)�,�0�6�$�������������D�Q�G���$�6�,���F�R�Q�I�H�U�H�Q�F�H��������������

�,���Z�R�X�O�G���O�L�N�H���W�R���D�F�N�Q�R�Z�O�H�G�J�H���/�H�D�G�H�U�V���R�I���+�D�L���'�X�R�Q�J���0�H�G�L�F�D�O���7�H�F�K�Q�L�F�D�O���8�Q�L�Y�H�U�V�L�W�\�����$�V�V�R�����3�U�R�I���9�X��

�'�L�Q�K���&�K�L�Q�K���D�Q�G���'�U�����'�L�Q�K���7�K�L���'�L�H�X���+�D�Q�J���I�R�U���W�K�H�L�U���V�X�S�S�R�U�W�V���G�X�U�L�Q�J���P�\���V�W�X�G�\���D�E�U�R�D�G����

�)�L�Q�D�O�O�\�����,���Z�R�X�O�G���O�L�N�H���W�R���D�F�N�Q�R�Z�O�H�G�J�H���P�\���I�D�P�L�O�\�����0�\���S�D�U�H�Q�W�V�����P�\���K�X�V�E�D�Q�G���D�Q�G���P�\���F�K�L�O�G�U�H�Q���K�D�Y�H��

�E�H�H�Q���X�Q�I�O�L�Q�F�K�L�Q�J�O�\���V�X�S�S�R�U�W�L�Y�H���W�K�U�R�X�J�K�R�X�W���D�O�O���P�\���Z�D�Q�G�H�U�L�Q�J�V�����7�K�H�\���K�D�Y�H���S�U�H�S�D�U�H�G���P�H���D�Q�G���G�H�V�H�U�Y�H��

�O�D�U�J�H���F�U�H�G�L�W���I�R�U���D�O�O���R�I���P�\���D�F�F�R�P�S�O�L�V�K�P�H�Q�W�V����
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�6�7�$�7�(�0�(�1�7��

�7�K�H���U�H�V�H�D�U�F�K���F�R�Q�W�D�L�Q�H�G���Z�L�W�K�L�Q���W�K�L�V���V�W�X�G�\���Z�D�V���S�H�U�I�R�U�P�H�G���L�Q���W�K�H���0�H�G�L�F�D�O���*�H�Q�R�P�L�F�V��

�/�D�E�R�U�D�W�R�U�\���L�Q���W�K�H���&�R�P�S�D�U�D�W�L�Y�H���*�H�Q�R�P�L�F�V���&�H�Q�W�U�H���D�W���-�D�P�H�V���&�R�R�N���8�Q�L�Y�H�U�V�L�W�\�����7�R�Z�Q�V�Y�L�O�O�H����

�X�Q�G�H�U���W�K�H���V�X�S�H�U�Y�L�V�L�R�Q���R�I���3�U�R�I�H�V�V�R�U���$�O�D�Q���%�D�[�W�H�U���D�Q�G���'�U���0�D�U�J�D�U�H�W���-�R�U�G�D�Q�����$�O�O���U�H�V�H�D�U�F�K��

�S�U�R�F�H�G�X�U�H�V���U�H�S�R�U�W�H�G���L�Q���W�K�H���W�K�H�V�L�V���U�H�F�H�L�Y�H�G���W�K�H���D�S�S�U�R�Y�D�O���R�I���-�D�P�H�V���&�R�R�N�¶�V���$�Q�L�P�D�O���(�W�K�L�F�V��

�&�R�P�P�L�W�W�H�H�����7�K�H���G�D�W�D���S�U�H�V�H�Q�W�H�G���L�V���P�\���R�Z�Q���Z�R�U�N�����Z�L�W�K���D�O�O���F�R�Q�W�U�L�E�X�W�L�R�Q�V���I�U�R�P���R�W�K�H�U�V���F�O�H�D�U�O�\��

�V�W�D�W�H�G���L�Q���W�K�H���D�F�N�Q�R�Z�O�H�G�J�H�P�H�Q�W�V�����P�H�W�K�R�G�V���D�Q�G���W�K�H���E�R�G�\���R�I���W�K�H���W�K�H�V�L�V���� 
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�7�\�S�H�������1�.�7���F�H�O�O�V���D�U�H���D�Q���L�Q�Q�D�W�H���O�L�N�H���S�R�S�X�O�D�W�L�R�Q���R�I���7���F�H�O�O�V���W�K�D�W���U�D�S�L�G�O�\���U�H�V�S�R�Q�G���W�R���E�R�W�K��

�F�\�W�R�N�L�Q�H���D�Q�G���7�&�5���V�W�L�P�X�O�D�W�L�R�Q���E�\���W�K�H���S�U�R�G�X�F�W�L�R�Q���R�I���S�U�R���L�Q�I�O�D�P�P�D�W�R�U�\���D�Q�G���L�P�P�X�Q�R�U�H�J�X�O�D�W�R�U�\��

�F�\�W�R�N�L�Q�H�V�����'�L�I�I�H�U�H�Q�W���I�U�R�P���F�R�Q�Y�H�Q�W�L�R�Q�D�O���D�E�7���F�H�O�O�V�����Z�K�L�F�K���H�[�S�U�H�V�V���D���G�L�Y�H�U�V�H���U�H�S�H�U�W�R�L�U�H���R�I���7�&�5��

�V�H�T�X�H�Q�F�H�V���W�K�D�W���D�U�H���J�H�Q�H�U�D�W�H�G���E�\���U�D�Q�G�R�P���U�H�D�U�U�D�Q�J�H�P�H�Q�W���D�Q�G���D�U�H���S�R�V�L�W�L�Y�H�O�\���V�H�O�H�F�W�H�G���E�\���W�K�\�P�L�F��

�H�S�L�W�K�H�O�L�X�P���H�[�S�U�H�V�V�L�Q�J���0�+�&���&�O�D�V�V���,���D�Q�G���&�O�D�V�V���,�,���S�U�R�G�X�F�W�V�����W�\�S�H�������1�.�7���F�H�O�O�V���H�[�S�U�H�V�V���D���K�L�J�K�O�\��

�U�H�V�W�U�L�F�W�H�G���7�&�5�����9�D�������-�D�������L�Q���P�L�F�H�����D�Q�G���W�K�H���K�R�P�R�O�R�J�R�X�V���9�D�������-�D�������F�K�D�L�Q���L�Q���K�X�P�D�Q�V�����S�D�L�U�H�G��

�Z�L�W�K���D���U�H�V�W�U�L�F�W�H�G���U�D�Q�J�H���R�I���E���F�K�D�L�Q�V�����D�Q�G���D�U�H���S�R�V�L�W�L�Y�H�O�\���V�H�O�H�F�W�H�G���E�\���O�L�J�D�W�L�Q�J���E�����0�L�F�U�R�J�O�R�E�X�O�L�Q��

���E���0�����&�'���G���D�Q�G���6�/�$�0���I�D�P�L�O�\���P�H�P�E�H�U�V���H�[�S�U�H�V�V�H�G���R�Q���&�'�����&�'���������G�R�X�E�O�H���S�R�V�L�W�L�Y�H���±���'�3����
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�����0�� �������0�L�F�U�R�J�O�R�E�X�O�L�Q��

�$�E�� �$�Q�W�L�E�R�G�\��
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�%�&�*�� �%�D�F�L�O�O�X�V���&�D�O�P�H�W�W�H���*�X�H�U�L�Q��

�%�U�G�8������ �%�U�R�P�R�����¶���G�H�R�[�\���X�U�L�G�L�Q�HKà��

�%�6�$�� �%�R�Y�L�Q�H���6�H�U�X�P���$�O�E�X�P�L�Q��

�&�&�5���� �&�&���&�K�H�P�R�N�L�Q�H���5�H�F�H�S�W�R�U�V����
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�'�$�9�,�'���� �'�D�W�D�E�D�V�H���I�R�U���$�Q�Q�R�W�D�W�L�R�Q�����9�L�V�X�D�O�L�]�D�W�L�R�Q���D�Q�G���,�Q�W�H�J�U�D�W�H�G���'�L�V�F�R�Y�H�U�\����

�'�&�� �'�H�Q�G�U�L�W�L�F���&�H�O�O��

�'�1 �� �'�R�X�E�O�H���1�H�J�D�W�L�Y�H��

�'�1�$ �� �'�H�R�[�\�U�L�E�R�Q�X�F�O�H�L�F���$�F�L�G��

�'�3�� �'�R�X�E�O�H���S�R�V�L�W�L�Y�H��
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�)�$�&�6�� �)�O�X�R�U�H�V�F�H�Q�F�H���$�F�W�L�Y�D�W�H�G���&�H�O�O���6�R�U�W�H�U��

�)�&�6�� �)�R�H�W�D�O���&�D�O�I���6�H�U�X�P��

�)�,�7�&�� �)�O�X�R�U�H�V�F�H�L�Q���,�V�R�W�K�L�R�F�\�D�Q�D�W�H��

�)�7�2�&�� �)�H�W�D�O���7�K�\�P�L�F���2�U�J�D�Q���&�X�O�W�X�U�H��

�*�$�'�V�� �*�U�R�Z�W�K���)�D�F�W�R�U���5�H�F�H�S�W�R�U���%�R�X�Q�G���3�U�R�W�H�L�Q�������5�H�O�D�W�H�G���$�G�D�S�W�R�U���3�U�R�W�H�L�Q������

�*�'�� �� �'�L�V�L�D�O�R�J�D�Q�J�O�L�R�V�L�G�H��

�*�0 ���&�6�)�� �*�U�D�Q�X�O�R�F�\�W�H���0�D�F�U�R�S�K�D�J�H���&�R�O�R�Q�\���6�W�L�P�X�O�D�W�L�Q�J���)�D�F�W�R�U��

�*�6�/������ �*�O�\�F�R�V�S�K�L�Q�J�R�O�L�S�L�G������

�+�'�( �� �+�L�J�K�O�\���G�L�I�I�H�U�H�Q�W�L�D�O�O�\���H�[�S�U�H�V�V�H�G��

�+�,�9������ �+�X�P�D�Q���L�P�P�X�Q�R�G�H�I�L�F�L�H�Q�F�\���Y�L�U�X�V��

�+�6�9�� �+�H�U�S�H�V���6�L�P�S�O�H�[���9�L�U�X�V��

�,�P�P�D�W�X�U�H���'�3���7��
�F�H�O�O�V�� DPhigh CD24high NK1.1- CD1d-tet-TCR�E+ cells ��

Immature DP 
NKT cells�� DP CD24high CD44low NK1.1- CD1d-tet+TCR�E+ cells ��

�,�P�P�D�W�X�U�H CD4 
NKT cells�� CD4+CD8-CD24high NK1.1-CD1d-tet+TCR�E+ cells��

�,�P�P�D�W�X�U�H DN 
NKT cells�� CD4-CD8- CD24 high NK1.1-CD1d-tet+TCR�E+ cells��

�L���S���� �,�Q�W�U�D�S�H�U�L�W�R�Q�H�D�O��

�L���W���� �,�Q�W�U�D�W�K�\�P�L�F��

�L���Y���� �,�Q�W�U�D�Y�H�Q�R�X�V��
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dependent manner. This interaction promotes the maturation, activation, and the up-regulation 

of other co-stimulatory receptors, such as CD80 and CD86 on DCs, as well as the release of 
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IL-12. As a consequence of direct interaction with type I NKT cells, DCs can promote the 

activity of antigen-specific CD4�� and CD8�� T cells (Fujii et al., 2003; Hermans et al., 2003). 

Type I NKT cells can also prime the adaptive immune response through directly activating 

CD1d-expressing B cells (Barral et al., 2008; Leadbetter et al., 2008). �7�K�H�U�H�I�R�U�H�����W�K�U�R�X�J�K��
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�W�X�P�R�X�U�� �P�R�G�H�O�V�� �K�D�Y�H���L�Q�G�L�F�D�W�H�G�� �W�K�D�W���W�Z�R�� �V�X�E�V�H�W�V�� �R�I�� �1�.�7�� �F�H�O�O�V���� �W�\�S�H�� �,�� �D�Q�G�� �W�\�S�H�� �,�,�����F�D�Q���S�O�D�\��

�R�S�S�R�V�L�Q�J�� �U�R�O�H�V���D�Q�G�� �F�U�R�V�V���U�H�J�X�O�D�W�H�� �H�D�F�K�� �R�W�K�H�U�����I�R�U�P�L�Q�J�� �D�Q�� �L�P�P�X�Q�R�U�H�J�X�O�D�W�R�U�\�� �D�[�L�V�� �W�K�D�W�� �P�D�\��

�L�Q�I�O�X�H�Q�F�H���W�K�H���E�D�O�D�Q�F�H���R�I���R�W�K�H�U���L�P�P�X�Q�H���U�H�V�S�R�Q�V�H�V�����&�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���W�K�L�V�����P�X�O�W�L�S�O�H���R�W�K�H�U���V�W�X�G�L�H�V��

�D�O�V�R�� �I�R�X�Q�G���W�K�D�W�� �W�\�S�H�� �,�� �1�.�7�� �F�H�O�O�V�� �H�Q�K�D�Q�F�H�� �D�Q�G�� �W�\�S�H�� �,�,�� �1�.�7�� �F�H�O�O�V�� �V�X�S�S�U�H�V�V�� �W�X�P�R�U�� �L�P�P�X�Q�L�W�\��

���7�H�U�D�E�H���D�Q�G���%�H�U�]�R�I�N�\��������������������

�1�.�7���F�H�O�O�V���D�O�V�R���K�D�Y�H���D�Q���L�P�S�D�F�W���R�Q���W�X�P�R�X�U���G�H�Y�H�O�R�S�P�H�Q�W���L�Q���K�X�P�D�Q�V�����)�R�U���H�[�D�P�S�O�H�����K�X�P�D�Q��

�1�.�7�� �F�H�O�O�V�� �H�[�K�L�E�L�W�� �F�\�W�R�W�R�[�L�F�L�W�\�� �D�J�D�L�Q�V�W�� �V�H�Y�H�U�D�O�� �W�X�P�R�X�U�� �F�H�O�O�� �O�L�Q�H�V���� �V�X�F�K�� �D�V�� �K�D�H�P�D�W�R�O�R�J�L�F�D�O��

�P�D�O�L�J�Q�D�Q�F�L�H�V���� �W�K�U�R�X�J�K�� �H�I�I�H�F�W�R�U�� �P�H�F�K�D�Q�L�V�P�V���Z�L�W�K���D���G�L�V�W�L�Q�F�W�� �I�U�R�P�� �W�K�R�V�H�� �R�I�� �F�R�Q�Y�H�Q�W�L�R�Q�D�O�� �7�� �F�H�O�O�V��

�D�Q�G���1�.���F�H�O�O�V�����1�L�F�R�O���H�W���D�O���������������������1�.�7���F�H�O�O�V���D�O�V�R���G�L�V�S�O�D�\���D���F�\�W�R�W�R�[�L�F���D�F�W�L�Y�L�W�\���D�J�D�L�Q�V�W���W�K�H���8��������

�W�X�P�R�X�U�� �F�H�O�O�� �O�L�Q�H�� �W�K�U�R�X�J�K�� �W�K�H�� �S�H�U�I�R�U�L�Q�� �S�D�W�K�Z�D�\�� �D�I�W�H�U�� �U�H�F�H�L�Y�L�Q�J�� �D�F�W�L�Y�D�W�L�R�Q�� �I�U�R�P���D���*�D�O�&�H�U�� �L�Q�� �W�K�H��

�S�U�H�V�H�Q�F�H�� �R�I�� �'�&�V�� ���7�D�N�D�K�D�V�K�L���H�W�� �D�O������ �������������� �3�D�W�L�H�Q�W�V�� �Z�L�W�K�� �D�G�Y�D�Q�F�H�G�� �F�D�Q�F�H�U�� �V�K�R�Z�� �D�� �G�H�F�U�H�D�V�H���L�Q��

�1�.�����7�����D�Q�G���1�.�7���F�H�O�O�V���F�R�P�S�D�U�H�G���Z�L�W�K���Q�R�U�P�D�O���F�R�Q�W�U�R�O�V�����.�R�E�D�V�K�L���H�W���D�O���������������������6�L�P�L�O�D�U���W�R���P�X�U�L�Q�H��

�W�\�S�H���,�,���1�.�7���F�H�O�O�V�����&�'���G���G�H�S�H�Q�G�H�Q�W���W�\�S�H���,�,���1�.�7���F�H�O�O�V���L�Q���K�X�P�D�Q�V���H�Q�K�D�Q�F�H���L�P�P�X�Q�H���V�X�S�S�U�H�V�V�L�Y�H��

�I�X�Q�F�W�L�R�Q�V���L�Q���0�/�5���P�L�F�H���E�\���U�H�O�H�D�V�L�Q�J���7�K�����F�\�W�R�N�L�Q�H�V�����%�D�N�H�U���H�W���D�O��������������������

��
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���������������5�R�O�H���R�I���1�.�7���F�H�O�O�V���L�Q���P�L�F�U�R�E�L�D�O���L�Q�I�H�F�W�L�R�Q����

�,�Q���D�G�G�L�W�L�R�Q���W�R���W�K�H�L�U���H�I�I�H�F�W�V���R�Q���D�X�W�R�L�P�P�X�Q�H���G�L�V�H�D�V�H�V���D�Q�G���W�X�P�R�X�U���V�X�U�Y�H�L�O�O�D�Q�F�H�����1�.�7���F�H�O�O�V��

�S�D�U�W�L�F�L�S�D�W�H�� �L�Q���L�P�P�X�Q�H���U�H�V�S�R�Q�V�H�V�� �D�J�D�L�Q�V�W���P�L�F�U�R�E�L�D�O�� �L�Q�I�H�F�W�L�R�Q�V���F�D�X�V�H�G�� �E�\���E�D�F�W�H�U�L�D�O���� �Y�L�U�D�O�� �D�Q�G��

�S�U�R�W�R�]�R�D�Q�� �D�J�H�Q�W�V����NKT cells respond to a range of infectious organisms through the 

recognition of microbial lipids, such as �.-galactosyldiacylglycerol from Borrelia burgdorferi 

(Kinjo et al., 2006), lipophosphoglycan from Leishmania donovani (Amprey et al., 2004�������.-

glucosyldiacylglycerol from S. pneumoniae (Kinjo et al., 2011�������.-glucuronosylceramide and 

�.-galacturonosylceramide from Sphingomonas species (Kinjo et al., 2005; Sriram et al., 2005; 

Mattner et al., 2005)���� �D�Q�G�� �D�� �F�K�R�O�H�V�W�H�U�\�O�� �.-glucoside from Helicobacter pylori (Chang et al., 

2011) presented by CD1d+ APCs (Slauenwhite and Johnston, 2015). �)�R�U���H�[�D�P�S�O�H�����1�.�7���F�H�O�O�V��

�F�R�X�O�G�� �I�R�U�P�� �J�U�D�Q�X�O�R�P�D�V�� �D�V�� �D�Q�� �H�D�U�O�\�� �L�P�P�X�Q�H�� �U�H�V�S�R�Q�V�H�� �Z�K�H�Q�� �W�K�H�� �K�R�V�W�� �L�V�� �L�Q�I�H�F�W�H�G�� �Z�L�W�K��

�0�\�F�R�E�D�F�W�H�U�L�X�P�� �W�X�E�H�U�F�X�O�R�V�L�V�����'�H�V�S�L�W�H�� �W�K�L�V���� �1�.�7�� �F�H�O�O�V�� �D�U�H�� �Q�R�W�� �U�H�V�S�R�Q�V�L�E�O�H�� �I�R�U���W�K�H���U�H�V�L�V�W�D�Q�F�H�� �W�R��

�0�\�F�R�E�D�F�W�H�U�L�X�P�� �W�X�E�H�U�F�X�O�R�V�L�V���E�H�F�D�X�V�H�� �W�K�H�U�H�� �L�V�� �Q�R�� �G�L�I�I�H�U�H�Q�F�H�� �E�H�W�Z�H�H�Q���W�K�H�� �S�U�R�W�H�F�W�L�Y�H�� �L�P�P�X�Q�H��

�U�H�V�S�R�Q�V�H�V���D�J�D�L�Q�V�W���W�K�L�V���S�D�W�K�R�J�H�Q���L�Q���E���0���G�H�I�L�F�L�H�Q�W�����&�'���G���G�H�I�L�F�L�H�Q�W�����D�Q�G���Z�L�O�G���W�\�S�H���P�L�F�H�����6�W�X�G�L�H�V��

�R�I���J�U�D�Q�X�O�R�P�D�� �P�R�G�H�O�V�� �L�Q�G�L�F�D�W�H�� �W�K�D�W���1�.�7�� �F�H�O�O�V�� �D�U�H�� �W�K�H�� �P�D�M�R�U�� �F�H�O�O�� �W�\�S�H�� �G�H�W�H�F�W�H�G�� �L�Q�� �H�D�U�O�\��

�J�U�D�Q�X�O�R�P�D�V�����D�Q�G���W�K�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �D�� �V�L�]�D�E�O�H���� �J�U�D�Q�X�O�R�P�D���O�L�N�H�� �V�W�U�X�F�W�X�U�H�� �G�H�S�H�Q�G�V�� �R�Q�� �W�K�H��

�U�H�F�U�X�L�W�P�H�Q�W�� �R�I�� �1�.�7�� �F�H�O�O�V���D�V���9�D�������1�.�7�� �F�H�O�O���G�H�I�L�F�L�H�Q�W�� �P�L�F�H�� �G�L�G���Q�R�W�� �G�H�Y�H�O�R�S�� �J�U�D�Q�X�O�R�P�D�V��

���$�S�R�V�W�R�O�R�X���H�W�� �D�O������ ���������������,�P�S�R�U�W�D�Q�W�O�\���� �W�K�H�� �U�H�F�U�X�L�W�P�H�Q�W�� �R�I���9�D�������1�.�7�� �F�H�O�O�V�� �W�R�� �J�U�D�Q�X�O�R�P�D�V�� �G�R�H�V��

�Q�R�W���U�H�T�X�L�U�H���V�S�H�F�L�I�L�F���S�U�H�V�H�Q�W�D�W�L�R�Q���R�I���P�\�F�R�E�D�F�W�H�U�L�D�O���D�Q�W�L�J�H�Q�V���E�\���&�'���G�����D�V���L�W���F�D�Q���R�F�F�X�U���H�Y�H�Q���Z�K�H�Q��

�1�. �7���F�H�O�O�V���D�U�H���D�G�R�S�W�L�Y�H�O�\���W�U�D�Q�V�I�H�U�U�H�G���L�Q�W�R���&�'���G���������P�L�F�H�����+�R�Z�H�Y�H�U�����L�W���K�D�V���E�H�H�Q���G�H�P�R�Q�V�W�U�D�W�H�G��

�W�K�D�W�� �1�.�7�� �F�H�O�O�V�� �S�D�U�W�L�F�L�S�D�W�H�� �L�Q�� �S�D�W�K�R�J�H�Q�� �F�O�H�D�U�D�Q�F�H�� �P�H�G�L�D�W�H�G�� �E�\�� �,�)�1���J�����(�P�R�W�R���H�W�� �D�O������ ������������

�0�H�P�S�H�O���H�W���D�O������������������ 

NKT cell stimulation by microbial ligands is not restricted to microbial lipid antigens 

that are recognise�G�� �G�L�U�H�F�W�O�\�� �E�\�� �W�K�H�� �9�.�����±�-�.������ �7�&�5���� �2�W�K�H�U�� �P�L�F�U�R�E�L�D�O��products also activate 
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APCs via pattern recognition receptors (such as TLRs, NOD-like receptors, etc), leading to an 

increased accumulation of weak self-glycolipid antigens and the production of NKT cell-

stimulating cytokines (IL-12, IL-18, and type I IFNs) (Brigl et al., 2003; Mattner et al., 2005; 

Paget et al., 2007; Salio et al., 2007; Nagarajan et al., 2007; Brigl et al., 2011). In that case, 

CD1d-presented antigens may not be required and IL-12, IL-18, or type I IFNs alone or in 

combination may be sufficient to drive NKT cell activation and IFN-�����S�U�R�G�X�F�W�L�R�Q�����1�D�J�D�U�D�M�D�Q��

et al., 2007; Wesley et al., 2008). �,�Q�� �S�D�U�W�L�F�X�O�D�U���� �1�.�7�� �F�H�O�O�V���F�R�X�O�G���L�Q�G�L�U�H�F�W�O�\���L�Q�G�X�F�H�� �S�U�R�W�H�F�W�L�Y�H��

�L�P�P�X�Q�H�� �U�H�V�S�R�Q�V�H�V�� �W�R�Z�D�U�G���O�L�S�R�S�R�O�\�V�D�F�F�K�D�U�L�G�H�����/�3�6������ �,�W�� �K�D�V�� �E�H�H�Q�� �G�H�P�R�Q�V�W�U�D�W�H�G�� �W�K�D�W�� �W�Z�R��

�F�R�Q�V�H�F�X�W�L�Y�H���O�R�Z���G�R�V�H���L�Q�M�H�F�W�L�R�Q�V���R�I�� �/�3�6���D�U�H���D�E�O�H���W�R���L�Q�G�X�F�H���D���O�H�W�K�D�O���V�K�R�F�N���L�Q���P�L�F�H�����'�L�H�O�L���H�W���D�O������

���������������,�Q���W�H�U�P�V���R�I���D���P�H�F�K�D�Q�L�V�P���I�R�U���W�K�L�V���O�H�W�K�D�O���V�K�R�F�N���V�\�Q�G�R�P�H�����L�W���K�D�V���E�H�H�Q���V�X�J�J�H�V�W�H�G���W�K�D�W���/�3�6��

�V�W�L�P�X�O�D�W�H�V���P�D�F�U�R�S�K�D�J�H�V���Y�L�D�� �7�/�5������ �W�R�� �J�H�Q�H�U�D�W�H���,�/���������� �Z�K�L�F�K�� �L�Q�� �W�X�U�Q�� �G�L�U�H�F�W�O�\���S�U�R�P�R�W�H�V���1�.�7��

�F�H�O�O�V���W�R���S�U�R�G�X�F�H���O�D�U�J�H���D�P�R�X�Q�W�V���R�I���,�)�1���J���D�Q�G���7�1�)�����,�)�1���J���F�R�Q�W�L�Q�X�R�X�V�O�\���H�Q�K�D�Q�F�H�V���W�K�H���S�U�R�G�X�F�W�L�R�Q��

�R�I�� �7�1�)���� �Z�K�L�F�K���L�Q�G�X�F�H�V���K�H�S�D�W�R�F�\�W�H�� �L�Q�M�X�U�\�����2�]�P�H�Q���H�W�� �D�O������ ���������������$�O�W�K�R�X�J�K�� �W�K�H�� �F�H�O�O�� �W�\�S�H��

�S�U�R�G�X�F�L�Q�J���7�1�)�� �L�Q���W�K�L�V���V�W�H�S���U�H�P�D�L�Q�V���X�Q�F�O�H�D�U���� �L�W���F�R�X�O�G���E�H���J�H�Q�H�U�D�O�O�\���F�R�Q�F�O�X�G�H�G���W�K�D�W���W�K�H���H�I�I�H�F�W���R�I��

�W�K�H���1�.�7�� �F�H�O�O�V���O�L�H�V�� �L�Q�� �W�K�H�L�U���,�/�����������,�)�1���J�����D�Q�G�� �7�1�)���S�U�R�G�X�F�W�L�R�Q�����&�R�Q�V�L�V�W�H�Q�W�� �Z�L�W�K���W�K�L�V���I�L�Q�G�L�Q�J����

�D�Q�R�W�K�H�U�� �V�W�X�G�\���V�X�J�J�H�V�W�H�G�� �W�K�D�W���9�D�������G�H�I�L�F�L�H�Q�W�� �P�L�F�H�� �Z�H�U�H�� �U�H�V�L�V�W�D�Q�W�� �W�R�� �W�K�L�V�� �O�R�Z���G�R�V�H�� �/�3�6�� �V�K�R�F�N����

�7�K�H�\���D�O�V�R���H�[�K�L�E�L�W���D���U�H�G�X�F�W�L�R�Q���L�Q���,�)�1���J���D�Q�G���7�1�)���V�H�F�U�H�W�L�R�Q�����E�X�W���Q�R�W�����,�/�����������F�R�P�S�D�U�H�G���W�R���Z�L�O�G���W�\�S�H��

�P�L�F�H���� �7�K�H���L�Q�M�H�F�W�L�R�Q�� �R�I�� �U�H�F�R�P�E�L�Q�D�Q�W�� �,�)�1���J���E�X�W�� �Q�R�W�� �,�/�������� �F�R�X�O�G�� �U�H�V�W�R�U�H���/�3�6���L�Q�G�X�F�H�G�� �P�R�U�W�D�O�L�W�\��

�D�Q�G�� �7�1�)�� �S�U�R�G�X�F�W�L�R�Q�� ���2�]�P�H�Q���H�W�� �D�O������ ������������ In addition, weak signalling produced by 

endogenous lipid ligands through the NKT-cell TCR, although not sufficient for full NKT 

cell activation, triggers NKT cells to release IFN-���� �X�S�R�Q�� �H�[�S�R�V�X�U�H�� �W�R�� �W�K�H�� �F�\�W�R�N�L�Q�H�V�� �,�/-12 

and IL-18 (Wang et al., 2012).  

�,�Q�� �F�R�Q�W�U�D�V�W���W�R�� �W�K�H�� �S�U�H�F�L�V�H�� �N�Q�R�Z�O�H�G�J�H�� �D�E�R�X�W���W�K�H�� �U�R�O�H�� �R�I�� �1�.�7�� �F�H�O�O�V�� �L�Q�� �P�X�U�L�Q�H�� �P�R�G�H�O�V�� �R�I��

�P�L�F�U�R�E�L�D�O�� �L�Q�I�H�F�W�L�R�Q���� �O�L�W�W�O�H�� �L�V�� �N�Q�R�Z�Q�� �D�E�R�X�W�� �W�K�H�� �U�R�O�H�� �R�I�� �1�.�7�� �F�H�O�O�V�� �L�Q�� �K�X�P�D�Q�� �L�Q�I�H�F�W�L�R�X�V�� �G�L�V�H�D�V�H�V����
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1.5.3. Transcriptional factors regulating lineage commitment, maturation and homeostasis��
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Table 2.1. Inbred mouse strains used in this study 

Mouse strains Description Source 

NOD/Lt Wild type NOD strain The Jackson lab. 

NOD.Nkrp1b Congenic for NK1.1 marker from B6 background The Jackson lab. 

NOD.Nkrp1b.Cd1d-/ - Congenic for NK1.1 marker from B6 and mutant for Cd1d. Dr. Margaret Jordan 

C57BL/6J Wild type B6 strain The Jackson lab. 

B6.Ccr2-/ - B6 with Ccr2 knock out The Jackson lab. 

B6.Ccr7-/ - B6 with Ccr7 knock out The Jackson lab. 

B6.Nkg7-/ - B6 with Nkg7 knock out 
Australian 
Phenomics Facility 

B6.Cd1d-/ - B6 with Cd1d knock out The Jackson lab. 
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�������������0�D�W�V�X�G�D���H�W���D�O���������������������7�K�H���O�L�Q�H�D�U�L�]�H�G�����Y�L�D���1�R�W�,�����F�R�Q�V�W�U�X�F�W���Z�D�V���S�X�U�L�I�L�H�G���E�\���D�J�D�U�R�V�H���J�H�O��

�H�O�H�F�W�U�R�S�K�R�U�H�V�L�V�����D�J�D�U�D�V�H���W�U�H�D�W�H�G�����U�H���S�X�U�L�I�L�H�G���D�Q�G���L�Q�M�H�F�W�H�G���G�L�U�H�F�W�O�\���L�Q�W�R���1�2�'���/�W���H�P�E�U�\�R�Q�L�F��

�S�U�R�Q�X�F�O�H�L���D�W���W�K�H���:�D�O�W�H�U���D�Q�G���(�O�L�V�D���+�D�O�O���P�L�F�U�R�L�Q�M�H�F�W�L�R�Q���X�Q�L�W�����0�H�O�E�R�X�U�Q�H�����$�X�V�W�U�D�O�L�D�������7�K�H��

�P�D�Q�L�S�X�O�D�W�H�G���H�P�E�U�\�R�V���Z�H�U�H���S�O�D�F�H�G���L�Q���W�K�H���U�H�S�U�R�G�X�F�W�L�Y�H���W�U�D�F�W�V���R�I���S�V�H�X�G�R���S�U�H�J�Q�D�Q�W���1�2�'���/�W��

�U�H�F�L�S�L�H�Q�W���I�H�P�D�O�H���P�L�F�H�����7�U�D�Q�V�J�H�Q�L�F���P�L�F�H���Z�H�U�H���V�F�U�H�H�Q�H�G���E�\���S�R�O�\�P�H�U�D�V�H���F�K�D�L�Q���U�H�D�F�W�L�R�Q�����3�&�5����

�D�Q�G���F�U�R�V�V�H�G���R�Q�W�R���W�K�H���1�2�'���1�N�U�S���E���O�L�Q�H���W�R���S�H�U�P�L�W���W�K�H���X�V�H���R�I���W�K�H���1�.���������G�H�Y�H�O�R�S�P�H�Q�W�D�O���P�D�U�N�H�U������
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Table 2.2. Va14 transgenic mouse strains 

Mouse strains Description Source 

NOD.Nkrp1b.V�D14Tg (line 1, 2, 3, 4) Transgenic for V�D14-J�D18 
segment. 

Generated by Dr. Margaret 
Jordan using a construct gifted 

by Prof. A. Bendelac B6.V�D14Tg (line 2, 5) 

��

���������������,�Q���K�R�X�V�H���H�V�W�D�E�O�L�V�K�H�G���P�R�X�V�H���V�W�U�D�L�Q�V��

�7�K�U�H�H���P�R�X�V�H���V�W�U�D�L�Q�V�����7�D�E�O�H�������������Z�H�U�H���H�V�W�D�E�O�L�V�K�H�G���L�Q���K�R�X�V�H���E�\���F�U�R�V�V�L�Q�J���L�Q�E�U�H�G���P�R�X�V�H��

�V�W�U�D�L�Q�V���F�D�U�U�\�L�Q�J���G�L�I�I�H�U�H�Q�W���J�H�Q�H�V���R�I���L�Q�W�H�U�H�V�W�����,�Q���V�K�R�U�W�����P�L�F�H���I�U�R�P���W�Z�R���G�L�I�I�H�U�H�Q�W���V�W�U�D�L�Q�V���Z�H�U�H��

�F�U�R�V�V�H�G���W�R���J�H�Q�H�U�D�W�H���K�H�W�H�U�R�]�\�J�R�X�V���S�U�R�J�H�Q�\�����5�H�V�X�O�W�D�Q�W���K�H�W�H�U�R�]�\�J�R�X�V���P�L�F�H���Z�H�U�H���W�K�H�Q��

�L�Q�W�H�U�F�U�R�V�V�H�G���D�Q�G���W�K�H���V�X�E�V�H�T�X�H�Q�W���J�H�Q�H�U�D�W�L�R�Q�V���Z�H�U�H���J�H�Q�R�W�\�S�H�G���W�R���L�G�H�Q�W�L�I�\���I�R�X�Q�G�H�U���P�L�F�H���I�R�U���W�K�H��

�Q�H�[�W���J�H�Q�H�U�D�W�L�R�Q�����,�I���W�K�H���J�H�Q�H�V���R�U���J�H�Q�H�W�L�F���U�H�J�L�R�Q�V���R�I���L�Q�W�H�U�H�V�W���Z�H�U�H���F�R�Q�J�H�Q�L�F�����V�X�F�K���D�V���1�N�U�S���E������

�K�R�P�R�]�\�J�R�X�V���F�R�Q�J�H�Q�L�F���I�R�X�Q�G�H�U�V���Z�H�U�H���V�H�O�H�F�W�H�G���W�R���H�V�W�D�E�O�L�V�K���W�K�H���F�R�Q�J�H�Q�L�F���O�L�Q�H�����,�I���W�K�H���J�H�Q�H�V���R�I��

�L�Q�W�H�U�H�V�W���Z�H�U�H���W�D�U�J�H�W�H�G���G�H�O�H�W�L�R�Q���P�X�W�D�W�L�R�Q�V�����P�X�W�D�Q�W���P�L�F�H���Z�H�U�H���V�H�O�H�F�W�H�G���I�R�U���W�K�H���Q�H�[�W���J�H�Q�H�U�D�W�L�R�Q����

�,�Q�W�H�U�F�U�R�V�V�H�V���Z�H�U�H���V�H�W���X�S���X�Q�W�L�O���P�L�F�H���Z�L�W�K���W�K�H���G�H�V�L�U�H�G���F�R�P�E�L�Q�D�W�L�R�Q���R�I���J�H�Q�H�V���Z�H�U�H���S�U�R�G�X�F�H�G����

Table 2.3. In-house established mouse strains 

Strain Description Source 

NOD.Nkrp1b.Cd1d-/ -.V�D14Tg A strain resulting from intercrossing Cd1d-/ - 
from NOD.Nkrp1b.Cd1d-/ - to 
NOD.Nkrp1b.V�D14Tg 

Generated in this study 

B6.Cd1d-/ -V�D14Tg. A strain resulting from intercrossing Cd1d-/ - 

from B6.Cd1d-/ - to B6.V�D14Tg  
Generated in this study 

B6.Ccr7-/ -.V�D14Tg A strain resulting from intercrossing Ccr7-/ - 
from B6.Ccr7-/ - to B6.V�D14Tg  

Generated in this study 

��

�)�R�U���W�K�H���U�H�P�D�L�Q�G�H�U���R�I���W�K�L�V���W�K�H�V�L�V�����W�K�H���V�W�U�D�L�Q���G�H�V�L�J�Q�D�W�L�R�Q���³�1�2�'�´���U�H�I�H�U�V���W�R���1�2�'���1�N�U�S���E��

�P�L�F�H�����)�R�U���H�[�D�P�S�O�H�����³�1�2�'���9�D�����7�J�´���U�H�I�H�U�V���W�R���1�2�'���1�N�U�S���E���9�D�����7�J���P�L�F�H�����1�2�'���&�G���G���������U�H�I�H�U�V��

�W�R���1�2�'���1�N�U�S���E���&�G���G���������P�L�F�H�����D�Q�G���V�R���R�Q����
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�����������*�(�1�2�7�<�3�,�1�*��
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�R�Q���W�K�H���D�Y�D�L�O�D�E�L�O�L�W�\���R�I���V�X�L�W�D�E�O�H���D�Q�W�L�E�R�G�L�H�V����

���������������*�H�Q�R�W�\�S�L�Q�J���E�\���3�&�5��

�*�H�Q�R�P�L�F���'�1�$���Z�D�V���H�[�W�U�D�F�W�H�G���I�U�R�P���W�D�L�O���W�L�S�V���R�U���H�D�U���S�X�Q�F�K�H�V���X�V�L�Q�J���D���&�$�6�������������;��
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�G�L�J�H�V�W�H�G���V�D�P�S�O�H���Z�D�V���O�R�D�G�H�G���L�Q���D���������G�H�H�S���Z�H�O�O���S�O�D�W�H�����E�H�I�R�U�H���D�G�G�L�Q�J�����������—�/���/�\�V�L�V���E�X�I�I�H�U��

���F�R�Q�V�L�V�W�L�Q�J���R�I�������������0���*�X�D�Q�L�G�L�Q�H���W�K�L�R�F�\�D�Q�D�W�H�����������P�0���7�U�L�V���+�&�O���S�+�������������������P�0���(�'�7�$����������
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Table 2.4. Primer details 

Targeted 
gene or 
region 

Primer 

�~�(�Œ�}�u���ñ�[-�ï�[�• 
Expected results 

Nkrp1b D6mit135 

Primer 1: CCTAACAGTTCAATTTGTCAGCC  

Primer 2: CCAGCCCCCAATTTGATATA  

B6 allele = 140 bp 

NOD allele = 130 bp 

Ccr7-/ - WT reverse: GGTGATCAAGGCCTCCACT 

Mutant reverse: AGACTGCCTTGGGAAAAGCG 

Common: TAAGGGCATCTTTGGCATCT 

Mutant = �a 110 bp 

Het = �a 110 bp and 280 bp 

WT = 280 bp 

V�D14Tg Forward primer: TGTAGGCTCAGATTCCCAACC 

Reverse primer: GAGGATGGAGCTTGGGAGTCAGG 

WT = no band 

Het. or Hom. = 1000 bp 

��
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Figure 2.1. Genotyping Cd1d knockout mice by FACS from blood. Density plot (left panel) presents 

PBMCs by forward scatter area and side scatter area. The histogram (right panel) shows the fluorescent 

intensity of CD1d expression on lymphocytes. KO stands for Cd1d knockout; Het stands for Cd1d heterozygous; 

and WT stands for Cd1d wild type. 
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Table 2.5. List of antibodies used in staining mouse cells for flow cytometric cell analyses 

Antibody 
Fluorescence 
conjugated 

Host Isotype Reactivity Clone Company 

anti-CD16/32 Unconjugated Rat IgG2a, �„ Mouse 93 eBioscience 

anti-TCR�E 
APC or FITC Hamster �/�P�'�î�U���„�í Mouse H57-597 BD Bioscience 

PerCP Cy5.5 Hamster IgG Mouse H57-597 eBioscience 

anti-CD4 
FITC, V500, 

BV510 or BV650 
Rat �/�P�'�î���U���ƒ Mouse RM4-5 BD Bioscience 

anti-CD8 
APC-Cy7, FITC 

or V450 
Rat �/�P�'�î���U���ƒ Mouse 53-6.7 BD Bioscience 

anti-CD44 V450 or FITC Rat �/�P�'�î���U���ƒ Mouse IM7 BD Bioscience 

anti-NK1.1 

APC, PE-Cy7 or 
PerCP Cy5.5 

Mouse �/�P�'�î���U���ƒ Mouse PK136 BD Bioscience 

PerCP Cy5.5 Mouse �/�P�'�î���U���ƒ Mouse PK136 Biolegend 

anti-CD24 FITC or BV605 Rat �/�P�'�î���U���ƒ Mouse M1/69 BD Bioscience 

anti TCR V�E8.1, 8.2 FITC Mouse �/�P�'�î���U���ƒ Mouse MR5-2 BD Bioscience 

anti TCR V�E8.3 FITC Hamster �/�P�'�ï�U���„�í Mouse 1B3.3 BD Bioscience 

anti TCR V�E7 FITC Rat �/�P�'�î���U���ƒ Mouse TR310 BD Bioscience 

anti TCR V�E2 FITC Rat �/�P�'�î���U���ƒ Mouse B20.6 BD Bioscience 

anti-CD1d PE Rat IgG2b, k Mouse 1B1 eBioscience 

anti-CD150 
PE, APC or PE-

Cy7 
Rat �/�P�'�î���U���„ Mouse 

TC15-
12F12.2 

Biolegend 

anti-CD5 V450 Rat �/�P�'�î���U���„ Mouse 53-7.3 BD Bioscience 

anti-CD25 APC Rat �/�P�'�í�U���„ Mouse PC61.5 eBioscience 

anti-CD53 Alexa Fluor 647 Rat IgM, k Mouse OX-79 BD Bioscience 

anti-ICOS (CD278) PE Rat �/�P�'�î���U���ƒ Mouse 7E.17G9 eBioscience 
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Figure 3.1. Generation of NOD.V�D14Tg mice. A. A diagram of the transgenic construct, which consists of a CD4 

minigene (including a minimal CD4 promoter/enhancer and the CD4 intronic silencer), �ñ�[���}�(���s�r�í�ð-�:�r�í�ô �d���Z���r��

chain cDNA and a poly-A tail (Griewank et al., 2007). B. Genotyping gel picture. Pups were genotyped using 

construct-specific primers. mwm = molecular weight marker; +/+ = homozygote for �s�r�í�ðTg; +/- = heterozygote 

for �s�r�í�ðTg; -/ - = wild type (WT); ntc = no template control.  
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Figure 3.2. Characterisation of NKT cells in the thymi of NOD.V�D14Tg lines. A. Representative FACS plots 

showing NKT cell gating strategy and the frequencies of NKT cells (TCR�EintCD1d-tet+) among total cells from 

thymi of NOD WT and four NOD.�s�r�í�ðTg lines (1, 2, 3 and 4). B. Dot plots show the frequencies (left panel) and 

absolute numbers (right panel) of NKT cells among total cells from thymus of NOD WT mice compared to four 

NOD.V�D14Tg lines. Data are means (±SEM) from 5 males and 5 females for each group. Data illustrated are 

combined from two independent experiments. Mann-Whitney U test, **** p<0.0001. 
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Figure 3.3. Frequencies and absolute numbers of thymic T cells from NOD WT mice compared to four 

NOD.V�D14Tg lines. Thymic T cells were identified as TCR�E+ CD1d-tet- from total thymocytes (Figure 3.2). Data 

are means (±SEM) from 5 males and 5 females for each group. Data illustrated are combined from two 

independent experiments. Mann-Whitney U test, * p<0.05, *** p<0.001. 

 
Figure 3.4. Characterisation of NKT cells in the livers of NOD.V�D14Tg mice. A. Representative FACS plots showing 

NKT cell gating strategy and the frequencies of NKT cells (TCR�EintCD1d-tet+) among total cells from livers of NOD 

WT and four NOD.�s�r�í�ðTg lines (1 to 4). B. Dot plot graphs show the frequencies (left panel) and absolute 

numbers (right panel) of NKT cells among total cells from livers of NOD WT mice compared to four NOD.V�D14Tg 

lines. Data are means (±SEM) from 5 males and 5 females for each group. Data illustrated are combined from two 

independent experiments. Mann-Whitney U test, * p<0.05, ** p<0.01, *** p<0.001, **** p< 0.0001. 
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Figure 3.5. Frequencies and absolute numbers of hepatic T cells from NOD WT mice compared to the four 

NOD.V�D14Tg lines. Hepatic T cells were identified as TCR�E+ CD1d-tet- from total hepatic leukocytes (Figure 

3.4). Data are means (±SEM) from 5 males and 5 females for each group. Data illustrated are combined from 

two independent experiments. Mann-Whitney U test, ** p<0.01, *** p<0.001, **** p< 0.0001. 
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Figure 3.6. Characterisation of NKT cells in the spleens of NOD.V�D14Tg mice. A. Representative FACS plots 

showing NKT cell gating strategy and the frequencies of NKT cells (TCR�EintCD1d-tet+) among total cells from 

spleens of NOD WT and four NOD.�s�r�í�ðTg lines (line 1, 2, 3, 4). B. Dot plot graphs show the frequencies (left 

panel) and absolute numbers (right panel) of NKT cells among total splenocytes of NOD WT compared to four 

NOD.V�D14Tg lines. Data are means (±SEM) from 5 males and 5 females for each group. Data illustrated are 

combined from two independent experiments. Mann-Whitney U test, ** p<0.01, **** p< 0.0001. 
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Figure 3.7. Frequencies and absolute numbers of splenic T cells from NOD WT mice compared to the four 

NOD.V�D14Tg lines. Splenic T cells were identified as TCR�E+ CD1d-tet- from total splenocytes (Figure 3.6). Data 

are means (±SEM) from 5 males and 5 females for each group. Data illustrated are combined from two 

independent experiments. Mann-Whitney U test, *** p<0.001, **** p< 0.0001. 
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Figure 3.8. Total leukocyte counts of thymi, spleens and livers from B6 WT and B6.V�D14Tg lines 2 and 5 mice. 

Data are means (±SEM) from 5 males and 5 females for each group. Data illustrated are combined from two 

independent experiments 
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Figure 3.9. Characterisation of NKT cells from B6.V�D14Tg mice. A. Representative FACS plots showing the 

frequencies of NKT cells among total cells from thymi (top row), livers (middle row) and spleens (lower row) of 

B6, B6.�s�r�í�ðTg line 2 and 5 mice. B. Dot plot graphs show the frequencies (left panel) and absolute numbers 

(right panel) of NKT cells in thymi (top row), livers (middle row) and spleens (lower row) from the two 

B6.V�D14Tg mouse lines compared to B6 mice. Data are means (±SEM) from 5 males and 5 females for each 

group. Data are combined from two different experiments. 
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Figure 3.10. Frequencies and absolute numbers of thymic, hepatic and splenic T cells of the two B6.V�D14Tg 

lines compared to B6 WT mice. Data are means (±SEM) from 5 males and 5 females for each group. Data are 

combined from two independent experiments 
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Figure 3.11. NKT cell subsets from thymi of NOD.V�D14Tg mice. A. CD4/CD8 NKT cell subsets. B. CD24/CD44 NKT cell 

subsets. C. CD44/NK1.1 NKT cell subsets. D. CD4/NK1.1 NKT cell subsets. For all figures, the representative FACS plots 

show the mean frequencies (±SEM) of NKT cell subsets in total NKT cells from thymi of NOD WT and NOD.V�D14Tg 

line 1 mice. Bar graphs show the mean frequencies and absolute numbers of thymic NKT cell subsets between NOD 

WT (clear bars) and four NOD.V�D14Tg mouse lines (filled bars). n = 10 for each group. Data are combined from two 

independent experiments. The NKT gates applied are those illustrated in Figure 3.2. 
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Figure 3.12. Flow cytometric comparison of thymic CD4/CD8 NKT cell subsets in NOD WT and NOD.V�D14Tg 

line 1 mice. A. Representative FACS plots show the mean frequencies (±SEM) of CD4/CD8 NKT cell subsets of 

total NKT cells from thymi of NOD WT and NOD.V�D14Tg/1 mice. B. Representative FACS plots show profiles of 

the expression of CD24, CD44 and NK1.1 in the four different thymic CD4/CD8 NKT cell subsets of NOD WT 

(upper rows) and NOD.V�D14Tg/1 mice (lower rows). C. Graphs show CD24/CD44 expression of the 4 different 

CD4/CD8 NKT cell subsets. D. Graphs show CD44/NK1.1 expression of the 4 different CD4/CD8 NKT cell subsets. 

Data are presented for ten mice/group combined from two independent experiments. The NKT gates applied 

are illustrated in Figure 3.2. 
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Figure 3.13. NKT cell subsets in the livers of NOD.V�D14Tg mice. A. CD4/CD8 NKT cell subsets. B. CD24/CD44 

NKT cell subsets. C. CD44/NK1.1 NKT cell subsets. D. CD4/NK1.1 NKT cell subsets. For all figures, representative 

FACS plots (left panel) show the mean frequencies (±SEM) of NKT cell subsets in total hepatic NKT cells of NOD 

WT and NOD.V�D14Tg/1 mice. Bar graphs (right panel) show the mean frequencies and absolute numbers of 

hepatic NKT cell subsets between NOD WT (clear bars) and the four NOD.V�D14Tg mouse lines (filled bars). n = 

10 for each group. Data are combined from two independent experiments. The NKT gates applied are 

illustrated in Figure 3.4. 
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Figure 3.14. NKT cell subsets from the spleens of NOD.V�D14Tg mice. A. CD4/CD8 NKT cell subsets. B. 

CD24/CD44 NKT cell subsets. C. CD44/NK1.1 NKT cell subsets. D. CD4/NK1.1 NKT cell subsets. For all figures, 

the representative FACS plots (left panels) show the mean frequencies (±SEM) of NKT cell subsets in total 

splenic NKT cells of NOD WT and NOD.V�D14Tg/1 mice. Bar graphs (right panels) show the mean frequencies 

and absolute numbers of splenic NKT cell subsets between NOD WT (clear bars) and the four NOD.V�D14Tg 

mouse lines (filled bars). n = 10 for each group. Data are combined from two dependent experiments. The NKT 

gates applied are illustrated in Figure 3.6. 

�$�G�G�L�W�L�R�Q�D�O�O�\�����1�.�7���F�H�O�O�V���I�U�R�P���E�R�W�K���O�L�Y�H�U�V���D�Q�G���V�S�O�H�H�Q�V���R�I���1�2�'���9�D�����7�J���P�L�F�H���H�[�S�U�H�V�V�H�G��

�D���U�H�O�D�W�L�Y�H�O�\���P�D�W�X�U�H���&�'�����O�R�Z���&�'�����K�L�J�K���S�K�H�Q�R�W�\�S�H�����7�K�H�V�H���&�'�����O�R�Z���&�'�����K�L�J�K���1�.�7���F�H�O�O�V��

�F�R�P�S�U�L�V�H�G���P�R�U�H���W�K�D�Q�����������R�I���K�H�S�D�W�L�F���O�H�X�N�R�F�\�W�H�V���D�Q�G���R�Y�H�U�����������R�I���V�S�O�H�Q�R�F�\�W�H�V�����7�K�L�V���S�K�H�Q�R�W�\�S�H��

�Z�D�V���U�H�O�D�W�L�Y�H�O�\���V�L�P�L�O�D�U���W�R���W�K�D�W���R�I���1�2�'���:�7���F�R�Q�W�U�R�O�V�����)�L�J���������������%���D�Q�G�������������%�������3�H�U�L�S�K�H�U�D�O���1�.�7��

�F�H�O�O�V���Z�H�U�H���D�O�V�R���H�[�D�P�L�Q�H�G���I�R�U���W�K�H���H�[�S�U�H�V�V�L�R�Q���R�I���&�'�������D�Q�G���1�.�����������7�K�H���S�U�R�S�R�U�W�L�R�Q�V���R�I���1�.�7��

   
# 

N
K

T
 c

el
ls

 (
x1

0
-6
) 

   
   

   
   

   
   

   
   

# 
N

K
T

 c
el

ls
 (

x1
0

-6
) 

   
   

   
   

   
   

   
   

 #
 N

K
T

 c
el

ls
 (

x1
0

-6
) 

   
   

   
   

   
   

   
   

# 
N

K
T

 c
el

ls
 (

x1
0

-6
) 

# 
N

K
T

 c
el

ls
 (

x1
0

-6
) 

 
# 

N
K

T
 c

el
ls

 (
x1

0
-6
) 

 



�3�$�5�7���$���������������������������������������������&�K�D�S�W�H�U���������&�K�D�U�D�F�W�H�U�L�V�D�W�L�R�Q���R�I���W�\�S�H���,���1�.�7���&�H�O�O�V���I�U�R�P���7�U�D�Q�V�J�H�Q�L�F���0�L�F�H��

�� ������������ 

�F�H�O�O�V���Z�L�W�K���&�'�������1�.�������������&�'�������1�.�����������R�U���&�'�������1�.�����������S�K�H�Q�R�W�\�S�H�V���L�Q���1�2�'���9�D�����7�J���P�L�F�H��

�Z�H�U�H���V�L�P�L�O�D�U���W�R���W�K�R�V�H���R�I���1�2�'���:�7���P�L�F�H�����)�L�J���������������&���D�Q�G�������������&��������

�,�Q���W�H�U�P�V���R�I���D�E�V�R�O�X�W�H���Q�X�P�E�H�U�V�����1�2�'���9�D�����7�J���P�L�F�H���S�U�R�G�X�F�H�G���P�R�U�H���P�D�W�X�U�H���1�.�7���F�H�O�O�V��

�L�Q���W�K�H�L�U���S�H�U�L�S�K�H�U�L�H�V���W�K�D�Q���1�2�'���:�7���F�R�Q�W�U�R�O���P�L�F�H�����H�[�F�H�S�W���I�R�U���W�K�H���V�O�L�J�K�W�O�\���O�R�Z�H�U���Q�X�P�E�H�U���R�I��

�K�H�S�D�W�L�F���&�'�������&�'���������1�.�7���F�H�O�O�V���L�Q���O�L�Q�H���������)�L�J�������������%�������)�R�U���H�[�D�P�S�O�H�����W�K�H���D�E�V�R�O�X�W�H���Q�X�P�E�H�U�V���R�I��

�K�H�S�D�W�L�F���&�'�������&�'���������1�.�7���F�H�O�O�V���Z�H�U�H���W�Z�R�I�R�O�G���K�L�J�K�H�U���L�Q���O�L�Q�H���������W�K�U�H�H�I�R�O�G���K�L�J�K�H�U���L�Q���O�L�Q�H�������D�Q�G��

�P�R�U�H���W�K�D�Q�������I�R�O�G���K�L�J�K�H�U���L�Q���O�L�Q�H�������F�R�P�S�D�U�H�G���W�R���W�K�R�V�H���R�I���1�2�'���:�7���P�L�F�H�����)�L�J���������������%�������,�Q���W�K�H��

�V�S�O�H�H�Q�V�����W�K�H���D�E�V�R�O�X�W�H���Q�X�P�E�H�U�V���R�I���&�'�������&�'���������1�.�7���F�H�O�O�V���Z�H�U�H���U�H�O�D�W�L�Y�H�O�\���V�L�P�L�O�D�U���E�H�W�Z�H�H�Q��

�1�2�'���9�D�����7�J���O�L�Q�H�������D�Q�G���O�L�Q�H�������P�L�F�H���D�Q�G���1�2�'���:�7���P�L�F�H�����E�X�W���L�W���Z�D�V���G�R�X�E�O�H�G���L�Q���1�2�'���9�D�����7�J��

�O�L�Q�H�V�������D�Q�G���������)�L�J���������������%����������

�7�D�N�H�Q���W�R�J�H�W�K�H�U�����W�K�H�V�H���G�D�W�D���V�X�J�J�H�V�W���W�K�D�W���1�2�'���9�D�����7�J���P�L�F�H���S�U�R�G�X�F�H�G���L�Q�F�U�H�D�V�H�G��

�Q�X�P�E�H�U�V���R�I���L�P�P�D�W�X�U�H���1�.�7���F�H�O�O�V���L�Q���W�K�H�L�U���W�K�\�P�L���D�Q�G���P�D�W�X�U�H���1�.�7���F�H�O�O�V���L�Q���W�K�H�L�U���S�H�U�L�S�K�H�U�L�H�V����

�������������������1�.�7���F�H�O�O���V�X�E�V�H�W�V���I�U�R�P���%�����9�D�����7�J���P�L�F�H��

�6�L�P�L�O�D�U���W�R���Z�K�D�W���K�D�G���E�H�H�Q���R�E�V�H�U�Y�H�G���L�Q���1�2�'���9�D�����7�J���P�L�F�H�����E�R�W�K���&�'�����D�Q�G���'�1���1�.�7��

�F�H�O�O�V���Z�H�U�H���L�G�H�Q�W�L�I�L�H�G���L�Q���W�K�H���W�K�\�P�L�����V�S�O�H�H�Q�V���D�Q�G���O�L�Y�H�U�V���R�I���%�����9�D�����7�J���P�L�F�H�����,�Q���W�K�H���W�K�\�P�L���R�I��

�%�����9�D�����7�J���P�L�F�H�����W�K�H���S�U�R�S�R�U�W�L�R�Q���R�I���W�K�H�V�H���W�Z�R���V�X�E�V�H�W�V���Z�H�U�H�����������R�I���W�R�W�D�O���1�.�7���F�H�O�O�V���L�Q���O�L�Q�H��������

�D�Q�G�����������L�Q���O�L�Q�H���������F�R�P�S�D�U�H�G���W�R�����������L�Q���%�����:�7���P�L�F�H�����)�L�J���������������$�������7�K�H���'�1���&�'�����U�D�W�L�R���Z�D�V��

���������L�Q���:�7�����Z�K�H�U�H�D�V���L�W���Z�D�V�����������L�Q���%�����9�D�����7�J���O�L�Q�H�������D�Q�G���������������L�Q���O�L�Q�H���������'�3���1�.�7���F�H�O�O�V���Z�H�U�H��

�D�O�V�R���V�H�H�Q���L�Q���W�K�H���W�K�\�P�L���R�I���%�����9�D�����7�J�����E�X�W���W�R���D���O�R�Z�H�U���H�[�W�H�Q�W���W�K�D�Q���L�Q���W�K�R�V�H���R�I���1�2�'���9�D�����7�J��

�P�L�F�H�����7�K�H�\���D�F�F�R�X�Q�W�H�G���I�R�U�����������R�I���W�R�W�D�O���W�K�\�P�L�F���1�.�7���F�H�O�O�V���L�Q���O�L�Q�H���������D�Q�G�����������L�Q���O�L�Q�H���������U�H�O�D�W�L�Y�H��

�W�R���E�H�W�Z�H�H�Q���������� �D�Q�G�����������R�Q���W�K�H���1�2�'���E�D�F�N�J�U�R�X�Q�G�����,�Q���W�H�U�P�V���R�I���D�E�V�R�O�X�W�H���Q�X�P�E�H�U�V�����%�����9�D�����7�J��

�P�L�F�H���S�U�R�G�X�F�H�G���V�L�J�Q�L�I�L�F�D�Q�W�O�\���O�R�Z�H�U���Q�X�P�E�H�U�V���R�I���'�3���1�.�7���F�H�O�O�V���W�K�D�Q���G�L�G���1�2�'���9�D�����7�J���O�L�Q�H�V������

�D�Q�G���������+�R�Z�H�Y�H�U�����L�Q���F�R�P�S�D�U�L�V�R�Q���Z�L�W�K���%�����:�7���P�L�F�H�����%�����9�D�����7�J���P�L�F�H���S�U�R�G�X�F�H�G���P�X�F�K���K�L�J�K�H�U��

�Q�X�P�E�H�U�V���R�I���&�'���������'�1���1�.�7���D�Q�G���'�3���1�.�7���F�H�O�O�V������



�3�$�5�7���$���������������������������������������������&�K�D�S�W�H�U���������&�K�D�U�D�F�W�H�U�L�V�D�W�L�R�Q���R�I���W�\�S�H���,���1�.�7���&�H�O�O�V���I�U�R�P���7�U�D�Q�V�J�H�Q�L�F���0�L�F�H��

�� ������������ 

��

 

Figure 3.15. NKT cell subsets in the thymi of B6.V�D14Tg mice. A. CD4/CD8 NKT cell subsets. B. CD24/CD44 NKT 

cell subsets. C. CD44/NK1.1 NKT cell subsets. D. CD4/NK1.1 NKT cell subsets. For all figures, representative 

FACS plots (left panels) show the mean frequencies (±SEM) of NKT cell subsets in total thymic NKT cells of B6 

and B6.V�D14Tg/2 mice. Bar graphs (right panels) show the mean frequencies and absolute numbers of thymic 

NKT cell subsets between B6 (clear bars) and B6.V�D14Tg line 2 and 5 mice (filled bars). n = 10 for each group. 

Data are combined from two independent experiments. The NKT gates applied are illustrated in Figure 3.9. 
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Figure 3.16. NKT cell subsets in the livers of B6.V�D14Tg mice. A. CD4/CD8 NKT cell subsets. B. CD24/CD44 

NKT cell subsets. C. CD44/NK1.1 NKT cell subsets. D. CD4/NK1.1 NKT cell subsets. For all figures, 

representative FACS plots (left panels) show the mean frequencies (±SEM) of NKT cell subsets in total NKT 

cells from livers of B6 and B6.V�D14Tg/2 mice. Bar graphs (right panels) show the mean frequencies and 

absolute numbers of hepatic NKT cell subsets between B6 (clear bars) and B6.V�D14Tg line 2 and 5 mice 

(filled bars). n = 10 for each group. Data are combined from two independent experiments. The NKT gates 

applied are illustrated in Figure 3.9. 
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Figure 3.17. NKT cell subsets in the spleens of B6.V�D14Tg mice. A: CD4/CD8 NKT cell subsets. B: CD24/CD44 

NKT cell subsets. C: CD44/NK1.1 NKT cell subsets. D: CD4/NK1.1 NKT cell subsets. For all figures, 

representative FACS plots (left panel) show the mean frequencies (±SEM) of NKT cell subsets in total NKT 

cells from spleens of B6 and B6.V�D14Tg/2 mice. Bar graphs (right panel) show the mean frequencies and 

absolute numbers of splenic NKT cell subsets between B6 (clear bars) and B6.V�D14Tg lines 2 and 5 mice 

(filled bars). n = 10 for each group. Data are combined from two dependent experiments. The NKT gates 

applied are illustrated in Figure 3.9. 
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Figure 3.18. Gating strategy for TCR V�E usage of NKT cells from NOD WT and NOD.V�D14Tg/1 mice. A. 

Representative FACS plots show the gating strategy for TCR V�E8.1-8.2 analysis of thymic NKT cells from NOD 

WT mice. B. Representative FACS plots show the gating strategy for TCR V�E8.1-8.2 analysis of splenic NKT cells 

from NOD WT mice. C. Representative FACS plots show the gating strategy for TCR V�E8.1-8.2 analysis of thymic 

NKT cells from NOD.V�D14Tg/1 mice (n = 6 for NOD WT mice and n=10 for NOD.V�D14Tg/1 mice).  
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Figure 3.19. TCR V�E usage in NOD.V�D14Tg/1 mice. A. Bar graph representatives of the mean frequencies of 

TCR V�E usage of NKT cells in thymus and spleen of NOD WT mice. B. Bar graphs show the mean frequencies of 

TCR V�E usage of immature and mature thymic and splenic cells from NOD.V�D��4Tg/1 mice (n = 6 for NOD WT 

mice and n=10 for NOD.V�D14Tg/1 mice).  
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Figure 3.20. V�D14 transgenic expression increased cytokine production in NOD.V�D14Tg mice. Bar graphs show 

the mean concentration (±SEM) of IL-4, IFN-�J, IL-6, IL-2, GM-CSF, TNF-�D and IL-1 in serum of NOD WT mice (clear 

bars) and NOD.V�D14Tg line 1 mice (filled bars), 4 hours after challenge with �D-GalCer (n = 6 for control and 

injected NOD WT mice, n = 10 for control and injected NOD.V�D14Tg line 1 mice). 
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Figure 3.21. V�D14 transgenic expression increased cytokine production in B6.V�D14Tg mice. Bar graphs show 

the mean concentration (±SEM) of IL-4, IFN-�J, IL-6, IL-2, GM-CSF, TNF-�D, IL-5 and IL-1�D in serum of B6 WT (clear 

bars), B6.V�D14Tg line 2 (grey filled bars) and line 5 mice (black filled bars) 4 hours after challenge with �D-GalCer. 

(n = 10 for B6 WT control and injected B6.V�D14Tg line 2 groups, n = 9 for injected B6.V�D14Tg line 5 group).  
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Figure 3.22. The correspondence between NKT cell numbers and cytokine production in WT and 

V�D14Tg mice injected with �D-GalCer. A. Absolute numbers of thymic, hepatic and splenic NKT cells from NOD 

and B6, WT and V�D14Tg mice. B. Mean concentration of IL-4 and IFN-�J in serum of NOD and B6 mice, WT and 

V�D14Tg, 4 hours after challenge with �D-GalCer.  
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Figure 3.23. Diabetes incidence of the NOD.V�D14Tg line 1 mice. Life-table analysis of diabetes in cohorts of 

male and female NOD WT and NOD.V�D14Tg mice, which were checked weekly for glucose blood levels from 

10-32 weeks of age   
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�1�D�W�X�U�D�O���N�L�O�O�H�U���7�����1�.�7�����F�H�O�O�V���D�U�H���U�H�F�H�Q�W�O�\���U�H�F�R�J�Q�L�V�H�G���P�H�P�E�H�U�V���R�I���W�K�H���L�P�P�X�Q�H���V�\�V�W�H�P����

�7�K�H�\�� �H�[�S�U�H�V�V�� �E�R�W�K�� �W�K�H�� �7�� �F�H�O�O�� �U�H�F�H�S�W�R�U�� ���7�&�5���� �D�Q�G�� �V�H�Y�H�U�D�O�� �P�D�U�N�H�U�V�� �W�\�S�L�F�D�O�� �R�I�� �Q�D�W�X�U�D�O�� �N�L�O�O�H�U��

���1�.�����F�H�O�O�V���R�Q���W�K�H�L�U���F�H�O�O���V�X�U�I�D�F�H�V�����*�R�G�I�U�H�\���H�W���D�O���������������������1�.�7���F�H�O�O�V���G�L�I�I�H�U���I�U�R�P���F�R�Q�Y�H�Q�W�L�R�Q�D�O���7��

�F�H�O�O�V���L�Q���V�H�Y�H�U�D�O���Z�D�\�V�����:�K�L�O�H���F�R�Q�Y�H�Q�W�L�R�Q�D�O���7���F�H�O�O�V���H�[�K�L�E�L�W���D���G�L�Y�H�U�V�H���7�&�5���U�H�S�H�U�W�R�L�U�H�����W�K�H���7�&�5�V��

�R�I���1�.�7���F�H�O�O�V���D�U�H���U�H�O�D�W�L�Y�H�O�\���O�L�P�L�W�H�G�����7�K�H���E�H�V�W���V�W�X�G�L�H�G���D�Q�G���P�R�V�W���I�U�H�T�X�H�Q�W���1�.�7���F�H�O�O�V���H�[�S�U�H�V�V���D�Q��

�L�Q�Y�D�U�L�D�Q�W�� �7�&�5���D�� �F�K�D�L�Q�� �D�Q�G�� �D�� �U�H�V�W�U�L�F�W�H�G�� �V�H�W�� �R�I�� �7�&�5���E�� �F�K�D�L�Q�V���� �,�Q�� �D�G�G�L�W�L�R�Q���� �W�K�H�� �7�&�5�� �R�I�� �1�.�7��

�F�H�O�O�V�� �U�H�F�R�J�Q�L�V�H�V�� �J�O�\�F�R�O�L�S�L�G�� �D�Q�W�L�J�H�Q�V�� �S�U�H�V�H�Q�W�H�G�� �E�\�� �W�K�H�� �&�'���G�� �P�R�O�H�F�X�O�H�� �U�D�W�K�H�U�� �W�K�D�Q�� �S�H�S�W�L�G�H��

�D�Q�W�L�J�H�Q�V�� �S�U�H�V�H�Q�W�H�G�� �R�Q�� �P�D�M�R�U�� �K�L�V�W�R�F�R�P�S�D�W�L�E�L�O�L�W�\�� ���0�+�&���� �F�O�D�V�V�� �,�� �R�U�� �,�,�� ���%�H�Q�G�H�O�D�F���� ������������

�.�U�R�Q�H�Q�E�H�U�J������������������

�1�.�7���F�H�O�O�V���D�U�H���Z�H�O�O���N�Q�R�Z�Q���I�R�U���W�K�H�L�U���U�R�O�H���L�Q���L�P�P�X�Q�H���U�H�J�X�O�D�W�L�R�Q�����8�S�R�Q���V�W�L�P�X�O�D�W�L�R�Q�����W�K�H�\��

�U�D�S�L�G�O�\���V�H�F�U�H�W�H���O�D�U�J�H���D�P�R�X�Q�W�V���R�I���F�\�W�R�N�L�Q�H�V�����0�D�W�V�X�G�D���H�W���D�O�������������������W�K�D�W���P�R�G�X�O�D�W�H���W�K�H���E�H�K�D�Y�L�R�U��

�R�I�� �R�W�K�H�U�� �F�H�O�O�V�� �R�I�� �W�K�H�� �L�P�P�X�Q�H�� �V�\�V�W�H�P���� �L�Q�F�O�X�G�L�Q�J�� �7�� �F�H�O�O�V���� �%�� �F�H�O�O�V���� �P�D�F�U�R�S�K�D�J�H�V���� �G�H�Q�G�U�L�W�L�F�� �D�Q�G��

�Q�D�W�X�U�D�O�� �N�L�O�O�H�U�� �F�H�O�O�V���� �7�K�U�R�X�J�K�� �W�K�L�V�� �D�F�W�L�Y�L�W�\���� �W�K�H�\�� �I�R�U�P�� �D�Q�� �L�P�S�R�U�W�D�Q�W�� �O�L�Q�N�� �E�H�W�Z�H�H�Q�� �L�Q�Q�D�W�H�� �D�Q�G��

�D�G�D�S�W�L�Y�H���L�P�P�X�Q�H���U�H�V�S�R�Q�V�H�V�����.�U�R�Q�H�Q�E�H�U�J���D�Q�G���*�D�S�L�Q���� ������������ �D�Q�G���P�R�G�X�O�D�W�H���L�P�P�X�Q�H���U�H�V�S�R�Q�V�H�V��

�L�Q�� �W�K�H�� �F�R�Q�W�H�[�W�� �R�I�� �D�X�W�R�L�P�P�X�Q�L�W�\���� �F�D�Q�F�H�U�� �D�Q�G�� �P�L�F�U�R�E�L�D�O�� �L�Q�I�H�F�W�L�R�Q�� ���0�D�W�V�X�G�D���H�W�� �D�O������ ������������

�6�O�D�X�H�Q�Z�K�L�W�H���D�Q�G���-�R�K�Q�V�W�R�Q��������������������

�5�H�F�H�Q�W�O�\�����W�K�H�U�H���K�D�V���E�H�H�Q���R�Y�H�U�Z�K�H�O�P�L�Q�J���U�H�V�H�D�U�F�K���V�X�S�S�R�U�W�L�Q�J���W�K�H���P�D�L�Q�V�W�U�H�D�P���P�R�G�H�O��

�R�I���1�.�7���F�H�O�O���G�H�Y�H�O�R�S�P�H�Q�W�����L�Q���Z�K�L�F�K���1�.�7���F�H�O�O�V���D�U�H���W�K�R�X�J�K�W���W�R���G�H�U�L�Y�H���I�U�R�P���W�K�H���V�D�P�H��

�S�U�R�J�H�Q�L�W�R�U�V���D�V���F�R�Q�Y�H�Q�W�L�R�Q�D�O���7���F�H�O�O�V�����&�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���W�K�L�V���P�R�G�H�O�����1�.�7���F�H�O�O�V���D�U�H���Q�R�W���I�R�X�Q�G���L�Q��

�W�K�H���S�H�U�L�S�K�H�U�D�O���W�L�V�V�X�H�V���R�I���P�L�F�H���X�Q�W�L�O�����������Z�H�H�N�V���D�I�W�H�U���E�L�U�W�K�����W�K�H�L�U���G�H�Y�H�O�R�S�P�H�Q�W���L�V���W�K�\�P�X�V��

�G�H�S�H�Q�G�H�Q�W�����1�.�7���F�H�O�O�V���G�H�Y�H�O�R�S���L�Q���I�H�W�D�O���W�K�\�P�L�F���R�U�J�D�Q���F�X�O�W�X�U�H�����%�H�Q�G�H�O�D�F���H�W���D�O�������������������3�H�O�O�L�F�F�L��

�H�W���D�O���������������������Z�K�L�O�H���Q�H�R�Q�D�W�D�O���W�K�\�P�H�F�W�R�P�\���R�Q���W�K�H���W�K�L�U�G���G�D�\���D�I�W�H�U���E�L�U�W�K�����V�H�O�H�F�W�L�Y�H�O�\���G�H�S�O�H�W�H�V��

�W�K�H�P�����+�D�P�P�R�Q�G���H�W���D�O����������������������
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�7�K�H���1�.�7���F�H�O�O���O�L�Q�H�D�J�H���V�K�D�U�H�V���W�K�H���H�D�U�O�\���G�H�Y�H�O�R�S�P�H�Q�W�D�O���S�U�R�J�U�H�V�V�L�R�Q���Z�L�W�K���F�R�Q�Y�H�Q�W�L�R�Q�D�O���7��

�F�H�O�O�V���� �Z�K�L�F�K�� �E�H�J�L�Q�V�� �Z�L�W�K�� �W�K�H�� �P�L�J�U�D�W�L�R�Q�� �L�Q�W�R�� �W�K�H�� �W�K�\�P�X�V�� �R�I�� �E�R�Q�H�� �P�D�U�U�R�Z���G�H�U�L�Y�H�G�� �O�\�P�S�K�R�L�G��

�S�U�R�J�H�Q�L�W�R�U�V���D�Q�G���L�V���I�R�O�O�R�Z�H�G���E�\���W�K�H���G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q���R�I���O�L�Q�H�D�J�H�����/�L�Q���������&�'�����&�'�������G�R�X�E�O�H���Q�H�J�D�W�L�Y�H��

���'�1���� �W�K�\�P�R�F�\�W�H�V�� ���*�R�G�I�U�H�\�� �D�Q�G�� �=�O�R�W�Q�L�N���� �������������� �7�K�H�V�H�� �F�R�P�P�R�Q�� �S�U�R�J�H�Q�L�W�R�U�V�� �G�H�Y�H�O�R�S�� �W�K�U�R�X�J�K��

�V�H�T�X�H�Q�W�L�D�O���V�W�D�J�H�V�����L�Q�F�O�X�G�L�Q�J���'�1�������&�'�������&�'�������������'�1�������&�'�������&�'�������������'�1�������&�'�������&�'������������

�D�Q�G�� �'�1���� ���&�'�������&�'������������ �$�W�� �W�K�H�� �'�1���� �V�W�D�J�H���� �U�D�Q�G�R�P�� �U�H�D�U�U�D�Q�J�H�P�H�Q�W�� �R�I�� �7�&�5���E�� �F�K�D�L�Q�� ���9�'�-����

�J�H�Q�H���V�H�J�P�H�Q�W�V���R�F�F�X�U�V���D�Q�G���V�X�E�V�H�T�X�H�Q�W�O�\���W�K�H���E�H�W�D���V�H�O�H�F�W�L�R�Q���W�D�N�H�V���S�O�D�F�H���I�R�U���D���I�X�Q�F�W�L�R�Q�D�O���7�&�5���E��

�F�K�D�L�Q�����*�R�G�I�U�H�\���D�Q�G���=�O�R�W�Q�L�N�������������������7�K�H���F�H�O�O�V���W�K�D�W���V�X�U�Y�L�Y�H���W�K�H���E�H�W�D���V�H�O�H�F�W�L�R�Q���S�U�R�F�H�V�V���P�D�W�X�U�H���W�R��

�W�K�H���'�1�����V�W�D�J�H���D�Q�G���W�K�H�Q���E�H�F�R�P�H���&�'�����&�'�������G�R�X�E�O�H���S�R�V�L�W�L�Y�H�����'�3�����W�K�\�P�R�F�\�H�V�����'�X�U�L�Q�J���W�K�H���'�3��

�V�W�D�J�H�����U�H�D�U�U�D�Q�J�H�P�H�Q�W���R�I�� �W�K�H���7�&�5���D���F�K�D�L�Q�����9�-�����J�H�Q�H���V�H�J�P�H�Q�W�V���R�F�F�X�U�V���I�R�U�P�L�Q�J���W�K�H���X�Q�V�H�O�H�F�W�H�G��

�7�&�5�D�E�� �U�H�S�H�U�W�R�L�U�H�� ���0�D�F�'�R�Q�D�O�G���H�W�� �D�O������ �������������� �7�K�H�� �'�3�� �W�K�\�P�R�F�\�W�H�V�� �H�[�S�U�H�V�V�L�Q�J�� �7�&�5�D�E�� �Z�L�W�K��

�D�S�S�U�R�S�U�L�D�W�H�� �D�Y�L�G�L�W�\�� �I�R�U�� �V�H�O�I���S�H�S�W�L�G�H�� �D�Q�W�L�J�H�Q�V�� �D�U�H�� �S�R�V�L�W�L�Y�H�O�\�� �V�H�O�H�F�W�H�G�� �X�S�R�Q�� �L�Q�W�H�U�D�F�W�L�R�Q�� �Z�L�W�K��

�0�+�&���F�O�D�V�V���,���R�U���,�,���P�R�O�H�F�X�O�H�V���H�[�S�U�H�V�V�H�G���R�Q���W�K�\�P�L�F���H�S�L�W�K�H�O�L�D�O���F�H�O�O�V�����*�R�G�I�U�H�\���D�Q�G���=�O�R�W�Q�L�N������������������

�7�K�H���F�H�O�O�V���W�K�D�W���V�X�F�F�H�V�V�I�X�O�O�\���S�D�V�V���W�K�U�R�X�J�K���W�K�\�P�L�F���V�H�O�H�F�W�L�R�Q���V�X�E�V�H�T�X�H�Q�W�O�\���X�Q�G�H�U�J�R���P�D�W�X�U�D�W�L�R�Q���W�R��

�F�R�Q�Y�H�Q�W�L�R�Q�D�O���&�'�����&�'�������R�U���&�'�����&�'�������V�L�Q�J�O�H���S�R�V�L�W�L�Y�H���7���F�H�O�O�V������

�,�Q�� �F�R�Q�W�U�D�V�W���� �W�K�H�� �'�3�� �W�K�\�P�R�F�\�W�H�V�� �Z�K�R�V�H�� �7�&�5�� �K�D�V�� �D�S�S�U�R�S�U�L�D�W�H�� �D�I�I�L�Q�L�W�\�� �I�R�U�� �J�O�\�F�R�O�L�S�L�G��

�D�Q�W�L�J�H�Q�V���S�U�H�V�H�Q�W�H�G���L�Q���W�K�H���F�R�Q�W�H�[�W���R�I���&�'���G���R�Q���F�R�U�W�L�F�D�O���'�3���W�K�\�P�R�F�\�W�H�V���D�U�H���S�R�V�L�W�L�Y�H�O�\���V�H�O�H�F�W�H�G��

�D�V�� �1�.�7�� �F�H�O�O�V���� �7�K�H�V�H�� �1�.�7�� �F�H�O�O�V�� �Z�L�O�O�� �H�Q�J�D�J�H�� �L�Q�� �P�D�W�X�U�D�W�L�R�Q�� �S�U�R�F�H�V�V�H�V�� �D�Q�G�� �X�S���U�H�J�X�O�D�W�H�� �W�K�H��

�H�[�S�U�H�V�V�L�R�Q�� �R�I�� �W�K�H�� �D�F�W�L�Y�D�W�L�R�Q�� �P�D�U�N�H�U�V���� �&�'������ �D�Q�G�� �1�.�������� ���%�H�Q�G�H�O�D�F���� ������������ �*�R�G�I�U�H�\�� �D�Q�G��

�%�H�U�]�L�Q�V�������������������'�3���W�K�\�P�R�F�\�W�H�V���Z�K�R�V�H���7�&�5���K�D�Y�H���L�Q�V�X�I�I�L�F�L�H�Q�W���D�I�I�L�Q�L�W�\���R�U���R�Y�H�U�O�\���V�W�U�R�Q�J���D�I�I�L�Q�L�W�\��

�I�R�U�� �H�Q�G�R�J�H�Q�R�X�V�� �D�Q�W�L�J�H�Q�V�� ���H�L�W�K�H�U�� �S�H�S�W�L�G�H�� �R�U�� �J�O�\�F�R�O�L�S�L�G�� �D�Q�W�L�J�H�Q�V���� �D�U�H�� �G�H�O�H�W�H�G�� �E�\�� �Q�H�J�O�H�F�W�� �R�U��

�Q�H�J�D�W�L�Y�H�� �V�H�O�H�F�W�L�R�Q���� �U�H�V�S�H�F�W�L�Y�H�O�\�� ���3�H�O�O�L�F�F�L���H�W�� �D�O������ ������������ �&�K�X�Q���H�W�� �D�O������ ������������ �6�F�K�X�P�D�Q�Q���H�W�� �D�O������

�������������*�R�G�I�U�H�\���D�Q�G���%�H�U�]�L�Q�V��������������������
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�,�Q���D�Q���D�W�W�H�P�S�W���W�R���L�G�H�Q�W�L�I�\���W�K�H���H�D�U�O�L�H�V�W���&�'���G���W�H�W�����W�K�\�P�L�F���1�.�7���F�H�O�O�V�����*�D�S�L�Q���H�W���D�O������������������

�V�W�D�L�Q�H�G���P�R�X�V�H���W�K�\�P�R�F�\�W�H�V���Z�L�W�K���&�'���G���W�H�W���S�K�\�F�R�H�U�\�W�K�U�L�Q�����3�(�������D�Q�G���H�Q�U�L�F�K�H�G���S�R�V�L�W�L�Y�H���F�H�O�O�V���Z�L�W�K��

�D�Q�W�L���3�(���P�D�J�Q�H�W�L�F���E�H�D�G�V�����2�I���W�K�H���1�.�7���F�H�O�O�V���R�E�W�D�L�Q�H�G���I�U�R�P���W�K�\�P�L���R�I���Q�L�Q�H���G�D�\���R�O�G���P�L�F�H������������
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Figure B.1. Gating strategy for sorting of populations by FACS. Population (P) 1 represents for DPhigh CD24high 

NK1.1- CD1d-tet- TCR�E+ cells or immature DP T cells, P2 represents DPhigh CD24high CD44low NK1.1- CD1d-tet+ 

TCR�E+ cells or immature DP NKT cells, P3 represents CD4+CD8-CD24high NK1.1-CD1d-tet+ TCR�E+ cells or immature 

CD4 NKT cells, and P4 represents CD4-CD8- CD24high NK1.1-CD1d-tet+ TCR�E+ cells or immature DN NKT cells.  
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Figure B.2. Principal component analysis of 35,556 transcripts of 7 biological replicates from 4 different cell 

populations during NKT cell development. The green circles correspond to gene expression of immature DP T cell 

samples (P1); the purple circles correspond to gene expression of immature DP NKT cell samples (P2); red circles 

correspond to gene expression of immature CD4 NKT cell samples (P3); and blue circles correspond to gene 

expression of immature DN NKT cell samples (P4). The three largest PC explain >58% of variation; samples from 

each of the four cell types cluster together into groups, and the groups are distributed separately across PC1 (X 

axis), which explains >29% of variation. A graphic illustrating the proposed NKT cell maturation pathway is 

provided for comparison. Data were generated with assistance from Dr. Margaret Jordan and Prof. Alan Baxter. 
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Figure B.3. Weighted Gene Co-expression Network Analysis. Undirected, weighted transcriptional regulatory 

network generated from thymic NKT cell subsets P1-P4 (n=7/population), consisting of 1,929 transcripts 

(nodes) and 10,626 pair-wise correlations (edges) across twelve co-regulated clusters (modules), named: Black 

(587 nodes), Cyan (71), GreenYellow (177), Grey (32), LightCyan (42), LightGreen (26), Magenta (127), 

MidnightBlue (68), Pink (525), Purple (188), Salmon (37) and Tan (49). Data were generated with assistance 

from Dr. Dragana Stanley, Dr. Margaret Jordan and Prof. Alan Baxter. 
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�0�D�L�Q�V�W�U�H�D�P���D�E���7���F�H�O�O���G�H�Y�H�O�R�S�P�H�Q�W���H�Q�F�R�P�S�D�V�V�H�V���W�Z�R���F�R�Q�V�H�F�X�W�L�Y�H���S�K�D�V�H�V���R�I���W�K�\�P�L�F��

�V�H�O�H�F�W�L�R�Q�����E���V�H�O�H�F�W�L�R�Q���D�Q�G���U�H�S�H�U�W�R�L�U�H���V�H�O�H�F�W�L�R�Q�����E���V�H�O�H�F�W�L�R�Q���R�F�F�X�U�V���G�X�U�L�Q�J���W�K�H���&�'�����&�'�������G�R�X�E�O�H��

�Q�H�J�D�W�L�Y�H�����'�1�����V�W�D�J�H���R�I���W�K�\�P�R�F�\�W�H���G�H�Y�H�O�R�S�P�H�Q�W�����I�R�O�O�R�Z�L�Q�J���U�H�D�U�U�D�Q�J�H�P�H�Q�W���R�I���W�K�H���7���F�H�O�O��

�U�H�F�H�S�W�R�U�����7�&�5�����E���J�H�Q�H�V�����/�H�Y�H�O�W���D�Q�G���(�L�F�K�P�D�Q�Q�������������������7�K�H���H�[�S�U�H�V�V�L�R�Q���R�I���V�X�F�F�H�V�V�I�X�O�O�\��

�U�H�F�R�P�E�L�Q�H�G���7�&�5�E���F�K�D�L�Q�V���Z�L�W�K���D���V�X�U�U�R�J�D�W�H���D���F�K�D�L�Q���J�H�Q�H�U�D�W�H�V���V�L�J�Q�D�O�V���H�V�V�H�Q�W�L�D�O���I�R�U���V�X�U�Y�L�Y�D�O����

�S�U�R�O�L�I�H�U�D�W�L�R�Q���D�Q�G���P�D�W�X�U�D�W�L�R�Q���W�R���W�K�H���&�'�����&�'�������G�R�X�E�O�H���S�R�V�L�W�L�Y�H���V�W�D�J�H�����6�D�L�Q�W���5�X�I���H�W���D�O������������������

�:�L�H�V�W���H�W���D�O�������������������%�D�X�U���H�W���D�O���������������������7�K�H���V�H�F�R�Q�G���S�K�D�V�H���R�I���V�H�O�H�F�W�L�R�Q�����W�H�U�P�H�G���U�H�S�H�U�W�R�L�U�H��

�V�H�O�H�F�W�L�R�Q���R�U���S�R�V�L�W�L�Y�H���V�H�O�H�F�W�L�R�Q�����W�D�N�H�V���S�O�D�F�H���D�P�R�Q�J���'�3���F�H�O�O�V���I�R�O�O�R�Z�L�Q�J���7�&�5�D���J�H�Q�H��

�U�H�D�U�U�D�Q�J�H�P�H�Q�W�����'�H�Y�H�O�R�S�P�H�Q�W���R�I���W�K�\�P�R�F�\�W�H�V���W�K�U�R�X�J�K���W�K�H���S�R�V�L�W�L�Y�H���V�H�O�H�F�W�L�R�Q���F�K�H�F�N�S�R�L�Q�W���U�H�T�X�L�U�H�V��

�W�K�H���U�H�D�U�U�D�Q�J�H�P�H�Q�W���D�Q�G���H�[�S�U�H�V�V�L�R�Q���R�I���D���V�X�L�W�D�E�O�H���7�&�5�D���F�K�D�L�Q���W�K�D�W���F�D�Q���S�D�L�U���Z�L�W�K���W�K�H���D�O�U�H�D�G�\��

�H�[�S�U�H�V�V�H�G���E���F�K�D�L�Q���W�R���P�D�N�H���D���7�&�5���W�K�D�W���L�V���V�H�O�H�F�W�D�E�O�H�����7�K�D�W���L�V�����L�W���P�X�V�W���K�D�Y�H���V�X�I�I�L�F�L�H�Q�W���D�Y�L�G�L�W�\���I�R�U��

�V�H�O�I���0�+�&���S�H�S�W�L�G�H���L�Q�W�H�U�D�F�W�L�R�Q���W�R���L�Q�G�X�F�H���V�L�J�Q�D�O�V���U�H�T�X�L�U�H�G���I�R�U���G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q�����E�X�W���Q�R�W���W�R�R���V�W�U�R�Q�J��

�V�R���D�V���W�R���L�Q�G�X�F�H���F�H�O�O���G�H�D�W�K������

�'�X�U�L�Q�J���W�K�\�P�L�F���V�H�O�H�F�W�L�R�Q���S�U�R�F�H�V�V�H�V�����D�O�O�H�O�L�F���H�[�F�O�X�V�L�R�Q���W�D�N�H�V���S�O�D�F�H���W�R���H�Q�V�X�U�H���P�R�V�W��

�W�K�\�P�R�F�\�W�H�V���H�[�S�U�H�V�V���R�Q�O�\���D���V�L�Q�J�O�H���V�S�H�F�L�I�L�F�L�W�\���R�I���7���F�H�O�O���U�H�F�H�S�W�R�U�����Z�K�L�F�K���L�V���H�Q�F�R�G�H�G���E�\���R�Q�H��

�7�&�5�D���D�O�O�H�O�H���D�Q�G���R�Q�H���7�&�5�E���D�O�O�H�O�H�����$�O�O�H�O�L�F���H�[�F�O�X�V�L�R�Q���R�I���7�&�5���J�H�Q�H�V���L�V���U�H�J�X�O�D�W�H�G���G�L�I�I�H�U�H�Q�W�O�\��

�E�H�W�Z�H�H�Q���D���D�Q�G���E���F�K�D�L�Q�V�����5�\�E�D�N�L�Q���H�W���D�O���������������������)�R�U���W�K�H���7�&�5�E���F�K�D�L�Q�����D���V�X�F�F�H�V�V�I�X�O�O�\���F�R�P�S�O�H�W�H�G��

�L�Q���I�U�D�P�H���U�H�D�U�U�D�Q�J�H�P�H�Q�W���R�I���R�Q�H���O�R�F�X�V���H�I�I�H�F�W�L�Y�H�O�\���L�Q�K�L�E�L�W�V���W�K�H���U�H�D�U�U�D�Q�J�H�P�H�Q�W���R�I���W�K�H���V�H�F�R�Q�G��

�O�R�F�X�V�����7�K�L�V���L�Q�K�L�E�L�W�L�R�Q���L�V���D�F�K�L�H�Y�H�G���D�W���W�K�H���'�1�$���O�H�Y�H�O���D�V���D���U�H�V�X�O�W���R�I���V�L�J�Q�D�O�O�L�Q�J���R�U�L�J�L�Q�D�W�H�G���I�U�R�P���D��

�V�X�F�F�H�V�V�I�X�O�O�\���I�R�U�P�H�G���G�L�P�H�U���R�I���W�K�H���E���F�K�D�L�Q���Z�L�W�K���S�U�H���7�D�����,�Q���F�R�Q�W�U�D�V�W�����E�R�W�K���7�&�5�D���D�O�O�H�O�H�V���D�U�H��

�U�H�D�U�U�D�Q�J�H�G�����R�I�W�H�Q���P�X�O�W�L�S�O�H���W�L�P�H�V�����X�Q�W�L�O���W�K�H���S�R�V�L�W�L�Y�H���V�H�O�H�F�W�L�R�Q���V�W�D�J�H�����Z�K�H�Q���D���V�L�Q�J�O�H���D���F�K�D�L�Q���L�Q��

�F�R�Q�M�X�Q�F�W�L�R�Q���Z�L�W�K���D���I�L�[�H�G���E���F�K�D�L�Q���D�O�O�R�Z�V���W�K�H���W�K�\�P�R�F�\�W�H���W�R���G�L�I�I�H�U�H�Q�W�L�D�W�H���D�Q�G���W�K�H���S�U�R�W�H�L�Q���S�U�R�G�X�F�W��
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�R�I���W�K�H���D�O�W�H�U�Q�D�W�L�Y�H���D���O�R�F�X�V���W�R���E�H���L�Q�W�H�U�Q�D�O�L�V�H�G�����X�E�L�T�X�L�W�L�Q�D�W�H�G���D�Q�G���G�H�J�U�D�G�H�G�����%�R�U�J�X�O�\�D���H�W���D�O������

���������������$���P�D�M�R�U�L�W�\���R�I���L�P�P�D�W�X�U�H���W�K�\�P�R�F�\�W�H�V���H�[�S�U�H�V�V���P�R�U�H���W�K�D�Q���R�Q�H���D���F�K�D�L�Q���R�Q���W�K�H���F�H�O�O���V�X�U�I�D�F�H����

�Z�K�L�O�H���D�I�W�H�U���S�R�V�L�W�L�Y�H���V�H�O�H�F�W�L�R�Q���R�Q�O�\���R�Q�H���F�K�D�L�Q���L�V���H�[�S�U�H�V�V�H�G���R�Q���W�K�H���Y�D�V�W���P�D�M�R�U�L�W�\���R�I���F�R�Q�Y�H�Q�W�L�R�Q�D�O��

�7���F�H�O�O�V�����*�D�V�F�R�L�J�Q�H���D�Q�G���$�O�D�P������������������

�$�O�O�H�O�L�F���H�[�F�O�X�V�L�R�Q���R�I���D�Q�W�L�J�H�Q���U�H�F�H�S�W�R�U���F�K�D�L�Q�V���L�V���D���I�X�Q�G�D�P�H�Q�W�D�O���P�H�F�K�D�Q�L�V�P���R�I��

�L�P�P�X�Q�R�O�R�J�L�F�D�O���V�H�O�I���W�R�O�H�U�D�Q�F�H�����,�Q�F�R�P�S�O�H�W�H���D�O�O�H�O�L�F���H�[�F�O�X�V�L�R�Q���U�H�V�X�O�W�V���L�Q���G�X�D�O���7�&�5���H�[�S�U�H�V�V�L�R�Q����

�Z�K�L�F�K���F�D�Q���D�O�O�R�Z���G�H�Y�H�O�R�S�L�Q�J���D�X�W�R�U�H�D�F�W�L�Y�H���D�E���7���O�\�P�S�K�R�F�\�W�H�V���W�R���H�V�F�D�S�H���F�O�R�Q�D�O���G�H�O�H�W�L�R�Q���D�Q�G��

�F�D�X�V�H���D�X�W�R�L�P�P�X�Q�L�W�\���L�Q���V�R�P�H���V�\�V�W�H�P�V�����6�D�U�X�N�K�D�Q���H�W���D�O�������������������$�X�J�H�U���H�W���D�O��������������������

�1�.�7���F�H�O�O�V���U�H�S�U�H�V�H�Q�W���D���P�L�Q�R�U���V�X�E�V�H�W���R�I���7���O�\�P�S�K�R�F�\�W�H�V���H�[�S�U�H�V�V�L�Q�J���D�E�7�&�5���D�V���Z�H�O�O���D�V��

�P�D�U�N�H�U�V���W�\�S�L�F�D�O���R�I���W�K�H���1�.���F�H�O�O���O�L�Q�H�D�J�H�����0�D�F�'�R�Q�D�O�G�����������������%�H�Q�G�H�O�D�F���H�W���D�O���������������������7�K�H��

�U�H�S�H�U�W�R�L�U�H���R�I���D�E�7�&�5���R�I���L�Q�Y�D�U�L�D�Q�W���1�.�7���F�H�O�O�V���L�V���G�R�P�L�Q�D�W�H�G���E�\���D�Q���L�Q�Y�D�U�L�D�Q�W���7�&�5���D���F�K�D�L�Q��

���9�D�����-�D�������L�Q���P�L�F�H���R�U���9�D�������-�D�������L�Q���K�X�P�D�Q�V�����D�Q�G���D���O�L�P�L�W�H�G���F�K�R�L�F�H���R�I���7�&�5���E���F�K�D�L�Q�����P�R�V�W�O�\��

�9�E�������9�E�����D�Q�G���9�E���������$�O�W�K�R�X�J�K���1�.�7���F�H�O�O�V���V�K�D�U�H���W�K�H���F�R�P�P�R�Q���S�U�R�J�H�Q�L�W�R�U�V���Z�L�W�K���F�R�Q�Y�H�Q�W�L�R�Q�D�O��

�7���F�H�O�O�V�����W�K�H�\���E�U�D�Q�F�K���R�I�I���I�U�R�P���W�K�H���P�D�L�Q�V�W�U�H�D�P���O�L�Q�H�D�J�H���D�W���W�K�H���'�3���V�W�D�J�H�����7�K�H���G�H�Y�H�O�R�S�P�H�Q�W�D�O��

�S�D�W�K�Z�D�\���R�I���1�.�7���F�H�O�O�V���L�V���O�H�V�V���Z�H�O�O���X�Q�G�H�U�V�W�R�R�G���F�R�P�S�D�U�H�G���W�R���F�R�Q�Y�H�Q�W�L�R�Q�D�O���7���F�H�O�O�V�����1�.�7���F�H�O�O��

�G�H�Y�H�O�R�S�P�H�Q�W���L�V���L�P�S�D�L�U�H�G���L�Q���P�L�F�H���E�H�D�U�L�Q�J���D���Y�D�U�L�H�W�\���R�I���J�H�Q�H�W�L�F���G�H�I�H�F�W�V�����Z�K�L�F�K���D�U�H���S�D�U�W�O�\��
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Figure 4.1. Weighted gene co-expression network analysis across Transition 1. Heat map encoding of 

�^�š�µ�����v�š�•�[���š-Test p values generated by pair-wise comparisons of transcript abundance across Transition 1 

(between DP T cells and DP NKT cells) mapped onto the transcriptional regulatory network illustrated in Figure 

B.3. Data were generated with assistance from Dr. Dragana Stanley, Dr. Margaret Jordan and Prof. Alan Baxter. 
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Figure 4.2. Warburg phenomenon (concept adapted from Vander et al. 2009) 
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Table 4.1. Annotation clusters 1 and 2 (ranked by enrichment score) from GO analysis of 624 up-regulated 

HDE genes across Transition 1 using DAVID Bioinformatics Resources (data were generated with assistance 

from Dr. Margaret Jordan and Prof. Alan Baxter).    
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Annotation Cluster 1 Enrichment Score: 14.67 

Category Term Count p value Fold Enrichment Bonferroni 

GOTERM_BP_FAT GO:0006259~DNA metabolic process 49 3.35E-17 4.194963362 5.28E-14 

SP_PIR_KEYWORDS dna replication 24 4.86E-17 10.26706601 1.59E-14 

GOTERM_BP_FAT GO:0006260~DNA replication 28 9.33E-15 6.639396901 1.47E-11 

KEGG_PATHWAY mmu03030:DNA replication 15 1.39E-12 12.94285714 1.76E-10 

Annotation Cluster 2 Enrichment Score: 8.67 

Category Term Count p value Fold Enrichment Bonferroni 

GOTERM_BP_FAT GO:0007049~cell cycle 58 4.04E-16 3.421377313 7.00E-13 

SP_PIR_KEYWORDS cell cycle 49 5.26E-16 3.986048652 1.82E-13 

SP_PIR_KEYWORDS cell division 29 5.16E-10 4.119192337 1.69E-07 

GOTERM_BP_FAT GO:0000279~M phase 30 1.21E-09 3.820753391 1.91E-06 

GOTERM_BP_FAT GO:0022403~cell cycle phase 32 2.33E-09 3.516335641 3.68E-06 

GOTERM_BP_FAT GO:0022402~cell cycle process 35 3.75E-09 3.209886542 5.91E-06 

GOTERM_BP_FAT GO:0051301~cell division 29 4.44E-09 3.719682453 7.00E-06 

GOTERM_BP_FAT GO:0000278~mitotic cell cycle 24 3.02E-07 3.545158064 4.77E-04 

GOTERM_BP_FAT GO:0007067~mitosis 21 3.12E-07 3.98363814 4.91E-04 

GOTERM_BP_FAT GO:0000280~nuclear division 21 3.12E-07 3.98363814 4.91E-04 

GOTERM_BP_FAT GO:0000087~M phase of mitotic cell cycle 21 4.37E-07 3.901501272 6.89E-04 

SP_PIR_KEYWORDS mitosis 20 5.10E-07 4.062852007 1.67E-04 

GOTERM_BP_FAT GO:0048285~organelle fission 21 5.59E-07 3.842087547 8.81E-04 
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Figure 4.3. Expression profiles of genes related to DNA replication. A. Gene expression of Prim1, Hells and Rpa2 as 

determined by microarray (data were generated with assistance from Dr. Margaret Jordan and Prof. Alan Baxter). B. 

Rpa2 expression was confirmed by qPCR. n = 6 per cell population; Mann-Whitney test, * p<0.05. Data were 

generated with assistance from Dr. Morgane Moreau. 
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Figure 4.4. E2F signalling pathway (concept adapted from Stevaux and Dyson, 2002). 
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Figure 4.5. Expression profiles of genes related to the E2F signalling pathway. A. Gene expression of E2f1, 

Cdc6 and Ccne1 as determined by microarray (data were generated with assistance from Dr. Margaret Jordan 

and Prof. Alan Baxter). B. E2f1, Cdc6 and Ccne1 expression was validated by qPCR across Transition 1. n = 6 per 

cell population. Data were generated with assistance from Dr. Morgane Moreau. Mann-Whitney test, ** p<0.01, 

**** p<0.0001.  
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Figure 4.6. Expression profiles of genes encoding Centromere proteins. A. Gene expression of Cenph, Cenpi, 

Cenpk and Cenpm as determined by microarray (data generation were generated with the assistance from Dr. 

Margaret Jordan and Prof. Alan Baxter). B. qPCR validation of Cenpm. n = 7 per cell population. Data were 

generated with assistance from Dr. Morgane Moreau. Mann-Whitney test, *** p<0.001.  
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Table 4.2: Expression profile of centromere protein-encoded genes at Transition 1. 

Gene symbol U Statistic T test p-value 
Fold Change 

(DP NKT cell/ DP T cell) 
Cenpa 0 1.56E-07 1.87384 
Cenpb 2 0.0005753 1.18468 
Cenpc1 0 0.0001395 1.80325 
Cenpe 0 1.17E-05 2.37934 
Cenpf 0 6.16E-05 2.28946 
Cenph 0 2.33E-07 3.36125 
Cenpi 0 8.86E-07 3.00947 
Cenpj 1 0.0138735 1.23093 
Cenpk 0 8.99E-07 2.84247 
Cenpl 0 2.23E-06 2.02518 
Cenpm 0 7.16E-11 2.26051 
Cenpn 0 7.76E-09 2.00455 
Cenpo 0 4.85E-07 1.59497 
Cenpp 0 1.64E-07 2.90862 
Cenpq 2 0.000535 1.46906 
Cenpt 0 3.27E-05 1.22957 
Cenpv 0 7.16E-09 1.66326 
Cenpw 0 1.08E-05 1.8043 
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Figure 4.7. Down-regulation of transcriptional factors related to TCR signalling across Transition 1. Gene 

expression profiles of Fyn, Zap70, Vav and Itk as determined by microarray (data were generated with 

assistance from Dr. Margaret Jordan and Prof. Alan Baxter).  

�$�O�W�K�R�X�J�K���Q�R�W���S�U�H�Y�L�R�X�V�O�\���U�H�S�R�U�W�H�G�����W�K�H���H�I�I�H�F�W�V���R�I���W�K�L�V���W�U�D�Q�V�L�W�L�R�Q���Z�R�X�O�G���E�H���D�N�L�Q���W�R���R�W�K�H�U��

�P�H�F�K�D�Q�L�V�P�V���R�I���7�&�5���W�X�Q�L�Q�J�����V�X�F�K���D�V���G�R�Z�Q���U�H�J�X�O�D�W�L�R�Q���R�I���W�K�H���7�&�5���D�Q�G���&�'�����&�'�����F�R���U�H�F�H�S�W�R�U�V����

�X�S���U�H�J�X�O�D�W�L�R�Q���R�I���D�F�F�H�V�V�R�U�\���P�R�O�H�F�X�O�H�V���V�X�F�K���D�V���&�'�������&�'�����D�Q�G���&�'���������D�Q�G���S�K�R�V�S�K�R�U�\�O�D�W�L�R�Q���R�I��

�6�+�3���������*�U�R�V�V�P�D�Q���D�Q�G���3�D�X�O�������������������V�X�J�J�H�V�W�L�Q�J���W�K�D�W���W�K�H���7�&�5���K�D�G���E�H�H�Q���O�L�J�D�W�H�G���D�Q�G���V�X�F�F�H�V�V�I�X�O�O�\��

�V�L�J�Q�D�O�O�H�G�����F�R�Q�V�W�L�W�X�W�L�Q�J���Y�D�O�L�G�D�W�L�R�Q���R�I���D���I�X�Q�F�W�L�R�Q�D�O�O�\���U�H�D�U�U�D�Q�J�H�G�����L�Q���W�K�L�V���F�D�V�H���W�U�D�Q�V�J�H�Q�L�F����

�U�H�F�H�S�W�R�U�����7�D�N�H�Q���W�R�J�H�W�K�H�U�����W�K�H���W�U�D�Q�V�F�U�L�S�W�L�R�Q�D�O���H�Y�L�G�H�Q�F�H���V�X�S�S�R�U�W�H�G���W�K�H���K�\�S�R�W�K�H�V�L�V���W�K�D�W���W�K�H��

�L�Q�F�U�H�D�V�H���L�Q���S�U�R�O�L�I�H�U�D�W�L�R�Q���D�F�U�R�V�V���7�U�D�Q�V�L�W�L�R�Q�������Z�D�V���G�X�H���W�R���7�&�5���V�L�J�Q�D�O�O�L�Q�J������

�������������������:�L�G�H�V�S�U�H�D�G���G�R�Z�Q���U�H�J�X�O�D�W�L�R�Q���R�I���7�&�5���9�D���J�H�Q�H�V��

�,�I���W�K�H���S�U�R�O�L�I�H�U�D�W�L�R�Q���R�E�V�H�U�Y�H�G���D�F�U�R�V�V���7�U�D�Q�V�L�W�L�R�Q�������Z�D�V���G�X�H���W�R���V�X�F�F�H�V�V�I�X�O���7�&�5���V�L�J�Q�D�O�O�L�Q�J��

�D�Q�G���Y�D�O�L�G�D�W�L�R�Q�����W�K�H�Q���D�O�O�H�O�L�F���H�[�F�O�X�V�L�R�Q���R�I���H�Q�G�R�J�H�Q�R�X�V���D�O�S�K�D���F�K�D�L�Q���O�R�F�L���V�K�R�X�O�G���K�D�Y�H���R�F�F�X�U�U�H�G����

�&�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���W�K�L�V�����7�&�5���D�O�S�K�D���F�K�D�L�Q�V���G�R�P�L�Q�D�W�H�G���W�K�H���P�R�V�W���V�L�J�Q�L�I�L�F�D�Q�W�O�\���G�L�I�I�H�U�H�Q�W�L�D�O�O�\��

�H�[�S�U�H�V�V�H�G���W�U�D�Q�V�F�U�L�S�W�V�����F�R�Q�V�W�L�W�X�W�L�Q�J���������R�I���W�K�H���W�R�S���������P�R�V�W���V�L�J�Q�L�I�L�F�D�Q�W�����,�Q���S�D�U�W�L�F�X�O�D�U�����7�F�U�D���9����������

���7�&�5���9�D���������������7�U�D�Y�������������7�&�5���9�D���������������7�U�D�Y�����Q�������7�&�5���9�D�����Q���������7�U�D�Y�����������7�&�5���9�D������������

�7�U�D�Y���G���������7�&�5���9�D���G�����������7�U�D�Y���G���������7�&�5���9�D���G�����������7�U�D�Y���G���������7�&�5���9�D���G�����������D�Q�G���7�U�D�Y��������

���7�&�5���9�D�����������D�O�O���V�K�R�Z�H�G�����������W�R�����������I�R�O�G���G�R�Z�Q���U�H�J�X�O�D�W�L�R�Q�����Z�L�W�K���7���W�H�V�W���S������ �������D�Q�G���0�D�Q�Q��



�3�$�5�7���%�������������������������������������������������������������������&�K�D�S�W�H�U���������7�U�D�Q�V�L�W�L�R�Q�������±���$�O�O�H�O�L�F���(�[�F�O�X�V�L�R�Q���D�Q�G���7�&�5���9�D�O�L�G�D�W�L�R�Q��
��

��
 

������������������

�:�K�L�W�Q�H�\���8���V�W�D�W�L�V�W�L�F��� �������)�L�J�����������������7�K�H���G�R�Z�Q���U�H�J�X�O�D�W�L�R�Q���R�I���7�U�D�Y���G�������J�H�Q�H���E�\���'�3���1�.�7���F�H�O�O�V��

�Z�D�V���D�O�V�R���F�R�Q�I�L�U�P�H�G���E�\���T�3�&�5���L�Q���F�R�P�S�D�U�L�V�R�Q���Z�L�W�K���'�3���7���F�H�O�O�V�����)�L�J������������������

��

Figure 4.8. Down-regulated expression of genes encoded TCR V alpha chains across Transition 1. Gene 

expression profiles of Tcra-V22.1, Trav12-2, Trav9-n1, Trav9-4, Trav8d-1, Trav7d-4, Trav7d-3, and Trav6-3��(data 

were generated with assistance from Dr. Margaret Jordan and Prof. Alan Baxter). 

 

Figure 4.9 TCR-V�D7d-3 expression was validated by qPCR between DP T cells and DP NKT cells. n = 6 per cell 

population. Data were generated with assistance from Dr. Morgane Moreau. Mann-Whitney test, ** p<0.01. 
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Figure 4.10. Widespread down regulation of TCR V alpha genes across Transition 1. Rows correspond to 

individual transcripts and columns correspond to tested populations. Trav11d encodes the NKT cell-associated 

TCR V�D14. Data were generated with assistance from Dr. Margaret Jordan and Prof. Alan Baxter.  
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Figure 4.11. Representative FACS plots showing gating strategy for immature DP T cells (P1), immature DP NKT 

cells (P2), immature CD4+ (P3) and DN NKT cells (P4) from thymi of BrdU injected NOD.V�D14Tg mice. ��
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Figure 4.12. Proportions of BrdU positive cells among DP T cells, DP NKT cells, CD4 and DN NKT cells.             

A. Representative histograms showing proportions of BrdU+ cells in total DP T cells, DP NKT cells, CD4 and DN 

NKT cells between control and BrdU injected mice. B. Proportions of BrdU+ cells of each subset in BrdU 

injected mice. 
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Figure 4.13. Representative FACS plots showing gating strategy for V�D2+ thymic cell populations. Thymocytes 

were stained with stage-specific antibodies. Immature DP T cells, immature DP NKT cells, immature CD4 NKT 

cells, immature DN NKT cells and mature NKT cells were gated from the thymocytes of NOD.V�D14Tg mice. The 

proportions of V�D2+ cells from these 5 cell populations were identified by histogram plots (right). The lower 

gate boundary for V�D2+ �����o�o�•���Á���•���•���š�������•�������}�v���^�u�]�v�µ�•���}�v���_���(�o�µ�}�Œ���•�����v���������}�v�š�Œ�}�o�• (left histogram plots). The 

same strategy was applied to identify the proportions of V�D3.2+ and V�D8.3+ cells. 
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Figure 4.14. Representative FACS plots showing gating strategy to identify the proportions of V�D2+ splenic, 

hepatic T and NKT cells. Splenic (A) and hepatic (B) cells were stained with antibodies for flow cytometric 

analysis. Mature T and NKT cells were gated from the spleens and livers of NOD.V�D14Tg mice. The proportions 

of mature T and NKT cells expressing TCR V�D2+ were identified in histogram plots (right). The lower gate 

boundary for V�D2+ �����o�o�•���Á���•���•���š�������•�������}�v���^�u�]�v�µ�•���}�v���_���(�o�µ�}�Œ���•�����v���������}�v�š�Œ�}�o�•���~�o���(�š���Z�]�•�š�}�P�Œ���u���‰�o�}�š�•�•�X���d�Z�����•���u����

strategy was applied to identify the proportions of V�D3.2+ and V�D8.3+ cells.��
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Table 4.4. Proportions of mature thymic, hepatic, splenic T cells and NKT cells expressing TCR V�D2, V�D3.2 
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Figure 4.15. Flow cytometric comparison of TCR V�D2, V�D3.2 and V�D8.3 co-expression by NKT cells. A. Dot 

plots show the proportion of immature DP T cells, immature DP NKT cells, immature CD4 NKT cells and 

immature DN NKT cells expressing TCR V�D2, V�D3.2 and V�D8.3 in the thymi of NOD.V�D14Tg mice. B. Dot plots 

show the proportion of mature NKT and T cells expressing TCR V�D2, V�D3.2 and V�D8.3 in the thymi, livers and 

spleens of NOD.V�D14Tg mice. n= 10; Mann-Whitney U test, ** p<0.01,**** p<0.0001. 
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Figure 5.1. Expression profiles of genes encoding integral plasma membrane proteins��across Transition 2. Gene 

expression of Ccr2, Ccr7, Cd5 (the first row), Cd25, Cd53 and Cd278 (Icos; the third row) as determined by 

microarray (data were generated with assistance from Dr. Margaret Jordan and Prof. Alan Baxter). The differences 

in protein expression levels were confirmed by flow cytometry (the second row and the last row; n=5-6 mice per 

group in CCR2 and CCR7 expression experiments, n=10 mice per group in CD5, CD25, CD53 expression experiments; 

Mann-Whitney U test, ** p<0.01, ****  p<0.0001). 
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Figure 5.2. Expression profiles of genes related to lineage commitment across Transition 2. Gene expression of Tlr1, 

Nkg7, Sema4a (the first row), Art2b, S1pr1, Zbtb16 (the third row) as determined by microarray (data were generated 

with assistance from Dr. Margaret Jordan and Prof. Alan Baxter). The differences in transcriptional levels were 

confirmed by qPCR (the second row and the last row; n=5-6 for DP NKT cell samples, n=5-7 for CD4 NKT cell samples; 

data were generated with assistance from Dr. Morgane Moreau; Mann-Whitney U test, ** p<0.01).  
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Figure 5.3. Expression profiles of 69 transcripts, which were reported by Savage et al. (2008) to be 

modulated by PLZF. The heat map shows the expression of these 69 transcripts by 4 different cell types (P1: 

DP T cells, P2: DP NKT cells, P3: CD4 NKT cells, P4: DN NKT cells), 7 biological samples per cell type, across 3 

transitions. Pie charts show proportion of transcripts with 4 different statistic categories (up-regulated and U 

statistic = 0, up-regulated and U statistic > 0, down-regulated and U statistic = 0, and down-regulated and U 

statistic > 0) across each of the 3 transitions. 
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Figure 5.4. Expression profiles of 32 transcripts, which were reported by Huang et al. (2004) to be involved in 

positive selection of conventional T cells. A. The heat map shows the expression of these 32 transcripts by 4 

different cell types, 7 biological samples per cell type. B. Pie charts show proportions of 32 transcripts with 4 

different statistic categories (up-regulated and U statistic = 0, up-regulated and U statistic > 0, down-regulated 

and U statistic = 0, and down-regulated and U statistic > 0) across each of the 3 transitions. 
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Figure 5.5. Expression profiles of 56 transcripts, which were reported by Mick et al. (2004) to be associated 

with positive selection of conventional T cells. The heat map shows the expression profiles of these 56 

transcripts by 4 different cell types, 7 biological samples per cell type.��
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Figure 5.6. Effects of targeted deletion of CD1d on NKT cells from NOD.V�D14Tg mice. A. Representative FACS 

plots show the mean frequencies (±SEM) of thymic NKT cells in total thymocytes of NOD WT, NOD.Cd1d-/-, 

NOD.V�D14Tg and NOD.Cd1d-/-.V�D14Tg mice. B. Dot plots show mean frequencies and absolute numbers of thymic 

NKT cells. C. Representative FACS plots show the mean frequencies (±SEM) of splenic NKT cells in total 

splenocytes of NOD WT, NOD.Cd1d-/ -, NOD.V�D14Tg and NOD.Cd1d-/ -.V�D14Tg mice. D. Dot plots show mean 

frequencies and absolute numbers of splenic NKT cells. n=10 for NOD WT group, n=6 for NOD.Cd1d-/-, 

NOD.V�D14Tg and  NOD.Cd1d-/ -.V�D14Tg groups. 
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Figure 5.7. Effects of targeted deletion of CD1d on thymic NKT cell subsets in NOD WT and NOD.V�D14Tg mice. A. 

CD4/CD8 NKT cell subsets. B. CD24/CD44 NKT cell subsets. C. CD44/NK1.1 NKT cell subsets. For all, representative 

FACS plots show the mean frequencies (±SEM) of thymic NKT cell subsets in total NKT cells from the thymi of NOD 

WT, NOD.Cd1d-/-, NOD.V�D14Tg and NOD.Cd1d-/-.V�D14Tg mice. Dot plots show mean frequencies and absolute 

numbers of thymic NKT cell subsets in total NKT cells. The NKT cell gates applied are illustrated in Figure 5.6 A. n=10 

for NOD WT group, n=6 for NOD.Cd1d-/-, NOD.V�D14Tg and NOD.Cd1d-/-.V�D14Tg groups. 
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Figure 5.8. Effects of targeted deletion of CD1d on NKT cells in B6.V�D14Tg mice. A. Representative FACS 

plots show the mean frequencies (±SEM) of thymic, hepatic and splenic NKT cells in total cells from the thymi, 

livers and spleens, respectively, of B6 WT, B6.Cd1d-/-, B6.V�D14Tg and B6.Cd1d-/-.V�D14Tg mice. B. Dot plots 

show mean frequencies and absolute numbers of thymic, hepatic and splenic NKT cells. n=10 for B6 WT, n=1 

for B6.Cd1d-/-, n=5 for B6.V�D14Tg and n=7 for B6.Cd1d-/-.V�D14Tg mice. 
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Figure 5.9. Effects of targeted deletion of CD1d on NKT cell subsets in B6.V�D14Tg mice. A. CD4/CD8 NKT cell 

subsets. B. CD24/CD44 NKT cell subsets. C. CD44/NK1.1 NKT cell subsets. For all, representative FACS plots 

(left panels) show the mean frequencies (±SEM) of thymic NKT cell subsets in total NKT cells from the thymi 

of B6.V�D14Tg and B6.Cd1d-/-.V�D14Tg mice. Dot plots (right panels) show mean frequencies and absolute 

numbers of thymic NKT cell subsets in total NKT cells. The NKT cell gates applied are illustrated in Figure 5.8. 

n=5 for B6.V�D14Tg and n=7 for B6.Cd1d-/-.V�D14Tg mice. 
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Figure 5.10. Effects of enhanced negative selection on NKT cells in NOD.V�D14Tg mice by i.v. �D-GalCer 

administration. A. Representative FACS plots show the mean frequencies (±SEM) of NKT cells in total cells from 

the thymi, livers and spleens of PBS and �D-GalCer injected NOD.V�D14Tg mice. B. Dot plots show mean 

frequencies and absolute numbers of thymic, hepatic and splenic NKT cells. n=10 for each group. 
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Figure 5.11. Effects of enhanced negative selection on thymic NKT cell subsets in NOD.V�D14Tg mice by i.v. �D-

GalCer administration. A. CD4/CD8 NKT cell subsets. B. CD24/CD44 NKT cell subsets. C. CD44/NK1.1 NKT cell 

subsets. For all, representative FACS plots (left panels) show the mean frequencies (±SEM) of thymic NKT cell 

subsets in total NKT cells from the thymi of PBS and �D-GalCer injected NOD.V�D14Tg mice. Dot plots (right 

panels) show mean frequencies and absolute numbers of thymic NKT cell subsets in total NKT cells. n=10 for 

each group. 
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Figure 5.12. Effects of enhanced negative selection on NKT cells in NOD.V�D14Tg mice following intrathymic 

administration of �D-GalCer. A. Representative FACS plots show the mean frequencies (±SEM) of thymic, 

hepatic and splenic NKT cells in total cells from the thymi, livers and spleens, respectively, of PBS and �D-GalCer 

injected NOD.V�D14Tg mice. B. Dot plots show mean frequencies and absolute numbers of thymic, hepatic and 

splenic NKT cells. n=5 for PBS injected control mice and n=7 for mice injected intrathymically with �D-GalCer. 
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Figure 5.13. Effects of enhanced negative selection on thymic NKT cell subsets in NOD.V�D14Tg mice following 

intrathymic administration of �D-GalCer. A. CD4/CD8 NKT cell subsets. B. CD24/CD44 NKT cell subsets. C. 

CD44/NK1.1 NKT cell subsets. For all, representative FACS plots (left panels) show the mean frequencies 

(±SEM) of thymic NKT cell subsets in total NKT cells from the thymi of PBS controls and intrathymically injected 

mice. Dot plots (right panels) show mean frequencies and absolute numbers of thymic NKT cell subsets in total 

NKT cells. n=5 for PBS injected control mice and n=7 for intrathymically injected mice. 
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Figure 6.1. Expression profiles of genes related to differentiation of CD4 NKT cells. A. Gene expression of 

Zbtb7b, Icos and Ly6a determined by microarray (microarray data were generated with assistance from Dr. 

Margaret Jordan and Prof. Alan Baxter). B. ICOS protein expression as determined by flow cytometry. n=10, 

Mann-Whitney U test, **** p<0.0001 
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Figure 6.2. Expression profiles of genes related to proliferation between CD4 and DN NKT cells. A. Gene 

expression of Cenph, Etv5, Cd97 and Blk��as determined��by microarray (data were generated with assistance from 

Dr. Margaret Jordan and Prof. Alan Baxter). B. Etv5 and Blk expression were confirmed by qPCR. n=6 per cell 

population, Mann-Whitney U test, ** p<0.01. Data were generated with assistance from Dr. Morgane Moreau.  
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6.2.3. Cytokine and cytokine receptor differentiation between CD4 and DN NKT cells 
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Figure 6.3. Expression profiles of genes related to cytokine receptor between CD4 and DN NKT cells. A. Gene 

expression of IL2r�D, Il4r�D, Il6r�D, Il7r, Il12r�E2 and IL2r�E/15r�E��as determined��by microarray (data were 

generated with assistance from Dr. Margaret Jordan and Prof. Alan Baxter). B. Il6r�D and Il12r�E2 expression was 

confirmed by qPCR (data were generated with assistance from Dr. Morgane Moreau). n=6 for CD4 NKT cell 

subset, n=10-14 for DN NKT cell subset. Mann-Whitney U test, ** p<0.01. C. CD25 (IL2R�D) protein expression as 

presented by flow cytometry. n = 10 per cell population, Mann-Whitney U test, *** p<0.001. 
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Figure 6.4. In vitro stimulation of thymic NKT cells with anti-CD3e. Thymic NKT immature CD4�� and DN cells 

were sorted and then cultured with 100UI IL-2 in RPMI complete medium. After 72 hours, supernatants were 

harvested; cytokine production was determined by CBA. These dot plot graphs show means ±SEM of cytokine 

concentration of thymic immature CD4�� NKT cells and immature DN NKT cells from NOD.V�D14Tg mice, 5 

mice/group with duplicate cultures. Mann-Whitney U test, **** p<0.0001 
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6.2.4.1. Gene expression analysis of chemokines and chemokine receptors between CD4 

and DN NKT cells 
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Figure 6.5. Increased expression of genes related to chemokine receptors in CD4+ and DN NKT cells.  Gene 

expression of Ccr2, Ccr4, Ccr7, Ccr8 (the upper row), Ccr10, Cxcr6, Xcl1 and Id2 (the lower row) across 3 

transitions as determined by microarray (data were generated with assistance from Dr. Margaret Jordan and 

Prof. Alan Baxter). 
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Figure 6.6. Effects of CCR2 deficiency on NKT cells from B6 WT mice. A. Representative FACS plots showing the 

mean proportions (±SEM) of thymic, hepatic and splenic NKT cells between B6 WT and B6.Ccr2-/- mice. B. Dot 

plot graphs show the mean frequencies and absolute numbers of thymic, hepatic and splenic NKT cells 

between B6 WT and B6.Ccr2-/- mice. n=10 for B6 WT group, n=11 for B6.Ccr2-/- group. Mann-Whitney U test, 

NS= Not significant.  
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Figure 6.7. Effects of CCR7 deficiency on NKT cells from B6 WT mice. A. Representative FACS plots showing the 

mean proportions (±SEM) of thymic, hepatic and splenic NKT cells between B6 WT and B6.Ccr7-/- mice. B. Dot 

plot graphs show the mean frequencies and absolute numbers of thymic, hepatic and splenic NKT cells 

between B6 WT and B6.Ccr7-/- mice. n=10 for B6 WT group, n=9 for B6.Ccr7-/- group. Mann-Whitney U test. 
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Figure 6.8. NK1.1- and NK1.1+ NKT cell subsets in CCR7KO mice. Dot plots show mean proportions (upper row) 

and absolute numbers (lower row) of NK1.1- and N1.1+ NKT cells in the thymi, livers and spleens of B6 WT and 

CCR7 KO mice. n=10 for B6 WT group, n=9 for B6.Ccr7-/- group. Mann-Whitney U test. 
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Figure 6.9. Effects of CCR7 deficiency on thymic NKT cell subsets in B6 mice. A. Representative FACS plots and 

dot plot graphs showing the mean frequency (±SEM) and numbers of thymic CD4/CD8 NKT cells from B6 WT 

and B6.Ccr7-/- mice. B. Representative FACS plots and dot plot graphs showing the mean frequencies (±SEM) 

and numbers of thymic CD44/NK1.1 NKT cells from B6 WT (n=10) and B6.Ccr7-/- mice (n=10). Mann-Whitney U 

test, ** p<0.01, *** p<0.001 and **** p<0.0001. 
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Figure 6.10. Effects of CCR7 deficiency on NKT cells from B6.V�D14Tg������ mice. A. Representative FACS plots 

showing the mean frequency (±SEM) of thymic, hepatic and splenic NKT cells between B6.V�D14Tg+/- and 

B6.Ccr7-/-.V�D14Tg+/- mice. B. Dot plot graphs show the mean frequency and absolute numbers of thymic, 

hepatic and splenic NKT cells between B6.V�D14Tg+/- (n=10) and B6.Ccr7-/-.V�D14Tg+/- mice (n=9).  Mann-Whitney 

U test, ** p<0.01, *** p<0.001 and **** p<0.0001 
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Figure 6.11. Effects of CCR7 deficiency on thymic NKT cell subsets from B6.V�D14Tg mice. A. Representative 

FACS plots showing the mean proportions (±SEM) of thymic CD4/CD8, CD24/CD44 and CD44/NK1.1 NKT cell 

subsets from B6.V�D14Tg������ and B6.Ccr7-/-.V�D14Tg������ mice. B. Dot plot graphs show the mean proportions and 

absolute numbers of thymic CD4/CD8, CD24/CD44 and CD44/NK1.1 NKT cells between B6.V�D14Tg������ (n=10) 

and B6.Ccr7-/-.V�D14Tg������ mice (n=8). Mann-Whitney U test, ** p<0.01, *** p<0.001 and **** p<0.0001. 
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�V�H�O�H�F�W�L�R�Q���W�K�\�P�R�F�\�W�H�V�����0�L�F�N���H�W���D�O���������������������,�Q���R�X�U���P�L�F�U�R�D�U�U�D�\���G�D�W�D�����%�F�O�������H�[�S�U�H�V�V�L�R�Q���Z�D�V��

�U�H�O�D�W�L�Y�H�O�\���V�L�P�L�O�D�U���E�H�W�Z�H�H�Q���'�3���7���F�H�O�O�V���D�Q�G���'�3���1�.�7���F�H�O�O�V�����E�X�W���Z�D�V���G�L�I�I�H�U�H�Q�W�L�D�O�O�\���X�S���U�H�J�X�O�D�W�H�G��

�E�\���L�P�P�D�W�X�U�H���&�'�����D�Q�G���'�1���1�.�7���F�H�O�O�V�����V�X�J�J�H�V�W�L�Q�J���W�K�H�V�H���S�R�V�W���V�H�O�H�F�W�L�R�Q���1�.�7���F�H�O�O�V���Q�H�H�G���%�F�O������

�H�[�S�U�H�V�V�L�R�Q���W�R���V�X�U�Y�L�Y�H������

�,�Q���Z�L�O�G���W�\�S�H���P�L�F�H����the �9�.���� and �-�.�������J�H�Q�H���V�H�J�P�H�Q�W�V���D�U�H���G�L�V�W�D�O�O�\���O�R�F�D�W�H�G���L�Q���W�K�H���7�&�5�.��

gene and it has been shown that the �9�.����-to-�-�.������re-arrangement requires an extended period 

at the DP stage to take place, and is dependent on the expression of a number of factors 

including Bcl-xL ���D���%�F�O�������K�R�P�R�O�R�J�X�H�����H�Q�F�R�G�H�G���E�\���%�F�O���O�������%�H�]�E�U�D�G�L�F�D���H�W���D�O�������������������(�J�D�Z�D���H�W��

�D�O����������������. In contrast, �R�X�U���P�L�F�U�R�D�U�U�D�\���G�D�W�D���V�K�R�Z�H�G���W�K�D�W���W�K�H���D�Q�W�L���D�S�R�S�W�R�W�L�F���I�D�F�W�R�U���%�F�O���O�����Z�D�V��

�G�R�Z�Q���U�H�J�X�O�D�W�H�G���D�F�U�R�V�V���7�U�D�Q�V�L�W�L�R�Q�������I�U�R�P���L�P�P�D�W�X�U�H���'�3���7���F�H�O�O�V���W�R���L�P�P�D�W�X�U�H���'�3���1�.�7���F�H�O�O�V����

�7�K�H���H�[�D�F�W���P�H�F�K�D�Q�L�V�P���U�H�P�D�L�Q�V���W�R���E�H���G�H�W�H�U�P�L�Q�H�G�����K�R�Z�H�Y�H�U�����R�Q�H���S�R�V�V�L�E�O�H���H�[�S�O�D�Q�D�W�L�R�Q���L�V���W�K�D�W���W�K�H��

�H�[�S�U�H�V�V�L�R�Q���R�I���W�K�H���U�H�D�U�U�D�Q�J�H�G���9�.�������-�.�������J�H�Q�H���V�H�J�P�H�Q�W�V���E�\���W�U�D�Q�V�J�H�Q�H�V�L�V���P�D�\���K�D�Y�H���U�H�Q�G�H�U�H�G��

�W�K�H���X�S���U�H�J�X�O�D�W�L�R�Q���R�I���%�F�O���O�����X�Q�Q�H�F�H�V�V�D�U�\����

�7�K�H���S�U�R�W�H�L�Q���3�U�R�J�U�D�P�P�H�G���&�H�O�O���'�H�D�W�K���������3�'���������D�O�V�R���S�O�D�\�V���D�Q���L�P�S�R�U�W�D�Q�W���U�R�O�H���L�Q��

�W�K�\�P�R�F�\�W�H���V�X�U�Y�L�Y�D�O���E�\���F�R�Q�W�U�R�O�O�L�Q�J���W�K�H���W�K�U�H�V�K�R�O�G���R�I���S�R�V�L�W�L�Y�H���V�H�O�H�F�W�L�R�Q���L�Q���F�R�Q�Y�H�Q�W�L�R�Q�D�O���7���F�H�O�O�V����

The effects of the PD-1 deficiency on the thymocyte differentiation were examined at the 

clonal level on transgenic mice crossed between TCR-V�E8 and TCR-�D/�E (H-Y and 2C) 

transgenic mice and PD-1������ mice on neutral genetic backgrounds ���1�L�V�K�L�P�X�U�D���H�W���D�O����������������. It 

was reported that these mice exhibited a selective increase in the CD4��CD8����population with 

little impact on other thymocyte subsets. The absence of PD-1 significantly facilitated the 

transition of thymocytes from DN to DP stage in the TCR transgenic lines as well as in RAG-

2������ mice injected with anti-CD3 mAb, suggesting that PD-1 controls the threshold of 
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selection, �S�U�R�E�D�E�O�\���E�\���D�I�I�H�F�W�L�Q�J���W�K�H���W�K�U�H�V�K�R�O�G���R�I���S�U�H���7�&�5���&�'�����F�R�P�S�O�H�[�±�P�H�G�L�D�W�H�G���V�L�J�Q�D�O�O�L�Q�J��

���1�L�V�K�L�P�X�U�D���H�W���D�O����������������. In contrast, H-Y or 2C transgenic PD-1-��- mice with the positively 

selecting background revealed significantly reduced efficiency for the generation of CD8�� 

single positive cells bearing the transgenic TCR-�D/�E��in spite of the increased DP population. 

The results collectively indicate that PD-1 negatively regulates the �E selection and modulates 

the positive selection ���1�L�V�K�L�P�X�U�D���H�W���D�O����������������������

�,�Q���R�X�U���P�L�F�U�R�D�U�U�D�\�����3�G�������J�H�Q�H���H�[�S�U�H�V�V�L�R�Q���O�H�Y�H�O�V���Z�H�U�H���O�R�Z�H�V�W���R�Q���L�P�P�D�W�X�U�H���'�3���7���F�H�O�O�V����

�V�K�R�Z�L�Q�J���D�����������I�R�O�G���L�Q�F�U�H�D�V�H���R�Q���'�3���1�.�7���F�H�O�O�V�����E�X�W���Z�H�U�H�������W�L�P�H�V���K�L�J�K�H�U���L�Q���L�P�P�D�W�X�U�H���&�'�����D�Q�G��

�'�1���1�.�7���F�H�O�O�V���F�R�P�S�D�U�H�G���W�R���L�P�P�D�W�X�U�H���'�3���1�.�7���F�H�O�O�V�����7�K�L�V���L�V���L�Q���J�R�R�G���D�J�U�H�H�P�H�Q�W���Z�L�W�K���S�U�H�Y�L�R�X�V��

�V�W�X�G�L�H�V�����Z�K�L�F�K���I�R�X�Q�G���W�K�D�W���3�'�������Z�D�V���Q�R�W���H�[�S�U�H�V�V�H�G���R�Q���S�U�H���V�H�O�H�F�W�L�R�Q���'�3���W�K�\�P�R�F�\�W�H�V�����E�X�W���K�L�J�K�O�\��

�H�[�S�U�H�V�V�H�G���R�Q���S�R�V�W���V�H�O�H�F�W�L�R�Q���7���F�H�O�O�V�����1�L�V�K�L�P�X�U�D���H�W���D�O�������������������0�L�F�N���H�W���D�O���������������������&�R�Q�V�L�V�W�H�Q�W��

�Z�L�W�K���V�W�X�G�L�H�V���P�H�Q�W�L�R�Q�H�G���D�E�R�Y�H�����R�X�U���I�L�Q�G�L�Q�J�V���L�Q�G�L�F�D�W�H�G���D�Q���D�V�V�R�F�L�D�W�L�R�Q���E�H�W�Z�H�H�Q���3�'�������H�[�S�U�H�V�V�L�R�Q��

�D�Q�G���W�K�\�P�L�F���V�H�O�H�F�W�L�R�Q���R�I���1�.�7���F�H�O�O�V��  

�$�O�O�H�O�L�F���H�[�F�O�X�V�L�R�Q���L�V���W�K�H���V�H�F�R�Q�G���R�X�W�F�R�P�H���R�I���H�D�U�O�\���7���F�H�O�O���G�H�Y�H�O�R�S�P�H�Q�W���E�\���Z�K�L�F�K���D��

�S�U�R�G�X�F�W���R�I���V�L�Q�J�O�H���D�O�O�H�O�H���L�V���V�H�O�H�F�W�H�G���I�R�U���H�[�S�U�H�V�V�L�R�Q�����$�O�O�H�O�L�F���H�[�F�O�X�V�L�R�Q���R�I���7���F�H�O�O���U�H�F�H�S�W�R�U���J�H�Q�H�V���L�V��

�U�H�J�X�O�D�W�H�G���G�L�I�I�H�U�H�Q�W�O�\���E�H�W�Z�H�H�Q���W�K�H���D���D�Q�G���E���F�K�D�L�Q�V�����*�D�V�F�R�L�J�Q�H���D�Q�G���$�O�D�P�������������������)�R�U���W�K�H���E��

�F�K�D�L�Q�����W�K�H���S�U�H�V�H�Q�F�H���R�I���D���S�U�R�G�X�F�W�L�Y�H�O�\���U�H�D�U�U�D�Q�J�H�G���E���F�K�D�L�Q���J�H�Q�H���J�H�Q�H�U�D�O�O�\���S�U�H�Y�H�Q�W�V���I�X�U�W�K�H�U��

�U�H�D�U�U�D�Q�J�H�P�H�Q�W���R�I���W�K�H���R�W�K�H�U���E���F�K�D�L�Q���J�H�Q�H�V�����W�K�H�U�H�I�R�U�H�����R�Q�O�\���R�Q�H���R�I���W�K�H���E���F�K�D�L�Q���O�R�F�L���L�V���D�E�O�H���W�R��

�S�U�R�G�X�F�H���I�X�O�O���O�H�Q�J�W�K�����F�R�U�U�H�F�W�O�\���U�H�D�U�U�D�Q�J�H�G���E���F�K�D�L�Q���S�U�R�W�H�L�Q�����8�H�P�D�W�V�X���H�W���D�O�������������������.�U�L�P�S�H�Q�I�R�U�W��

�H�W���D�O���������������������,�Q���F�R�Q�W�U�D�V�W�����E�R�W�K���D�O�O�H�O�H�V���R�I���W�K�H���D���F�K�D�L�Q���U�H�D�U�U�D�Q�J�H���X�Q�W�L�O���D���S�R�V�L�W�L�Y�H�O�\���V�H�O�H�F�W�D�E�O�H��

�K�H�W�H�U�R�G�L�P�H�U���R�I���7�&�5�D�E���L�V���I�R�U�P�H�G���D�Q�G���X�Q�G�H�U�J�R�H�V���S�R�V�L�W�L�Y�H���V�H�O�H�F�W�L�R�Q�����0�D�O�L�V�V�H�Q���H�W���D�O��������������������

leading to Rag1/2-turnoff, which stops further rearrangement ���%�R�U�J�X�O�\�D���H�W���D�O�������������������%�U�D�Q�G�O�H��

�H�W���D�O�������������������3�H�W�U�L�H���H�W���D�O�������������������.�R�X�V�N�R�I�I���H�W���D�O���������������������7�K�X�V�����L�P�P�D�W�X�U�H�����7�&�5�O�R�Z�����'�3��

�W�K�\�P�R�F�\�W�H�V���K�D�Y�H���W�K�H���S�R�W�H�Q�W�L�D�O���W�R���S�U�R�G�X�F�H���W�Z�R���D���F�K�D�L�Q���P�H�V�V�D�J�H�V���D�Q�G���H�[�S�U�H�V�V���G�X�D�O���7�&�5���D��
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�F�K�D�L�Q���S�U�R�W�H�L�Q�V���R�Q���W�K�H���F�H�O�O���V�X�U�I�D�F�H�����7�K�H�U�H�I�R�U�H�����V�R�P�H���7���F�H�O�O�V���H�[�S�U�H�V�V���W�Z�R���I�X�Q�F�W�L�R�Q�D�O�O�\��

�U�H�D�U�U�D�Q�J�H�G���D�Q�G���H�[�S�U�H�V�V�H�G���D���F�K�D�L�Q�V�����E�X�W���P�R�V�W���H�[�S�U�H�V�V���D���V�L�Q�J�O�H���D���F�K�D�L�Q���R�Q���W�K�H�L�U���F�H�O�O���V�X�U�I�D�F�H��

���$�O�D�P���H�W���D�O�������������������%�R�\�G���H�W���D�O���������������������,�W���L�V���U�H�S�R�U�W�H�G���W�K�D�W���W�K�H���Q�X�P�E�H�U���R�I���S�H�U�L�S�K�H�U�D�O���7���F�H�O�O�V��

�H�[�S�U�H�V�V�L�Q�J���W�Z�R���G�L�I�I�H�U�H�Q�W���D���F�K�D�L�Q�V���D�V���S�D�U�W���R�I���W�Z�R���I�X�Q�F�W�L�R�Q�D�O���D�Q�G���L�Q�G�H�S�H�Q�G�H�Q�W���7�&�5�V���Y�D�U�\��

�Z�L�G�H�O�\���I�U�R�P���������W�R�����������L�Q���P�L�F�H�����+�H�D�W�K���H�W���D�O�������������������(�O�O�L�R�W�W���D�Q�G���$�O�W�P�D�Q�Q�����������������$�O�D�P���D�Q�G��

�*�D�V�F�R�L�J�Q�H�����������������&�R�U�W�K�D�\���H�W���D�O�������������������5�\�E�D�N�L�Q���H�W���D�O�������������������D�Q�G���D�E�R�X�W�����������L�Q���K�X�P�D�Q��

���3�D�G�R�Y�D�Q���H�W���D�O���������������������&�H�O�O���V�X�U�I�D�F�H���H�[�S�U�H�V�V�L�R�Q���R�I���W�Z�R���D���F�K�D�L�Q�V���K�D�V���D�O�V�R���E�H�H�Q���G�H�W�H�F�W�H�G���L�Q���7�&�5��

�W�U�D�Q�V�J�H�Q�L�F���P�L�F�H�����+�H�D�W�K���D�Q�G���0�L�O�O�H�U�����������������+�D�U�G�D�U�G�R�W�W�L�U���H�W���D�O����������������������

�,�Q���F�R�Q�W�U�D�V�W�����D�O�W�K�R�X�J�K���P�R�X�V�H���7���F�H�O�O���F�O�R�Q�H�V���I�U�H�T�X�H�Q�W�O�\���F�D�U�U�\���W�Z�R���L�Q���I�U�D�P�H��

�9�D���U�H�D�U�U�D�Q�J�H�P�H�Q�W�V���D�Q�G���H�[�S�U�H�V�V���W�Z�R���P�5�1�$���V�S�H�F�L�H�V�����W�K�H�\���K�D�Y�H���Q�R�W���E�H�H�Q���I�R�X�Q�G���W�R���H�[�S�U�H�V�V���W�Z�R��

�F�H�O�O���V�X�U�I�D�F�H���D���F�K�D�L�Q�V�����0�D�O�L�V�V�H�Q���H�W���D�O�������������������.�X�L�G�D���H�W���D�O�������������������&�R�X�H�]���H�W���D�O���������������������,�Q��

�D�G�G�L�W�L�R�Q�����5�\�E�D�N�L�Q���D�Q�G���F�R�O�O�H�D�J�X�H�V���L�Q�G�L�F�D�W�H�G���W�K�D�W���W�U�D�Q�V�J�H�Q�L�F���P�L�F�H���E�H�D�U�L�Q�J���9�D���������D�Q�G���9�D����

�P�L�Q�L�O�R�F�L���V�K�R�Z�H�G���O�R�Z���I�U�H�T�X�H�Q�F�\���R�I���F�H�O�O�V���L�Q���W�K�H�V�H���W�U�D�Q�V�J�H�Q�L�F���P�L�F�H���W�K�D�W���D�F�W�X�D�O�O�\���U�H�D�U�U�D�Q�J�H�G���W�K�H���D��

�F�K�D�L�Q���P�L�Q�L�O�R�F�L�����5�\�E�D�N�L�Q���H�W���D�O���������������������+�R�Z�H�Y�H�U�����R�Q�F�H���H�[�S�U�H�V�V�H�G�����E�R�W�K���W�K�H���9�D���������D�Q�G���9�D����

�F�R�Q�W�D�L�Q�L�Q�J���D���F�K�D�L�Q�V���K�D�G���D���V�W�U�R�Q�J���D�E�L�O�L�W�\���W�R���E�H���S�R�V�L�W�L�Y�H�O�\���V�H�O�H�F�W�H�G���Z�L�W�K���H�L�W�K�H�U���D���U�H�D�U�U�D�Q�J�H�G���9�E����

�F�R�Q�W�D�L�Q�L�Q�J���W�U�D�Q�V�J�H�Q�H���R�U���W�K�H���Q�D�W�X�U�D�O���U�H�S�H�U�W�R�L�U�H���R�I���7�&�5���E���F�K�D�L�Q�V�����W�K�H���D�X�W�K�R�U�V���U�H�S�R�U�W�H�G���W�K�H���I�D�L�O�X�U�H��

�W�R���I�L�Q�G���D���G�L�V�W�L�Q�F�W���S�R�S�X�O�D�W�L�R�Q���R�I���F�H�O�O�V���W�K�D�W���H�[�S�U�H�V�V�H�G���G�X�D�O���7�&�5�V�����H�Y�H�Q���L�Q�W�U�D�F�H�O�O�X�O�D�U�O�\������

�,�Q���R�X�U���Z�R�U�N�����P�L�F�U�R�D�U�U�D�\���D�Q�D�O�\�V�H�V���V�K�R�Z���W�K�H���Z�L�G�H�V�S�U�H�D�G���G�R�Z�Q���U�H�J�X�O�D�W�L�R�Q���R�I���Q�R�Q��
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repertoire available to produce T cell responses against foreign �S�H�S�W�L�G�H���0�+�& when they are 

summoned to fight infection or malignant cell transformation (Palmer, 2003, Fu et al., 2014). 

This task is fulfilled only when the survival during thymic development of immature T cells 

to recognize self �S�H�S�W�L�G�H���0�+�& with low-to-moderate strength in a process termed positive 

selection is ensured. Positive selection generally precedes negative selection in the thymus, 

signaling survival of the positively selected thymocytes enables these cells to distinguish 

foreign antigen in the context of their own self-MHC (i.e., MHC restriction).  
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