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Deciphering the history of monkey cloning

Liang Wang'? & Tongbiao Zhao'**

! State Key Laboratory of Stem Cell and Reproductive Biology, Institute of Zoology, Chinese Academy of Sciences, Beijing 100101, China;
% Savaid Medical School, University of Chinese Academy of Sciences, Beijing 100049, China
* Corresponding author, E-mail: tbzhao@ioz.ac.cn

Two macaques named “Zhong Zhong” and “Hua Hua”, born on Jan 24, 2018, are the first monkeys cloned by so-
matic cell nuclear transfer (SCNT), which made Dolly the sheep. This is not only a milestone in mammalian clon-
ing, but also opens a new window to using non-human primates for biomedical research. SCNT is a technique for
animal cloning that depends on transferring the nucleus of a somatic cell into an enucleated egg. It was initially
proposed by Spemann to study the totipotency of differentiated salamander nuclei in 1938. The prevalent SCNT
procedure used today was first developed by Robert Briggs and Thomas King, who successfully used this technique
to generate the first cloned animals-tadpoles-using the nuclei of cells from blastocysts as the donors. At the same
time, they found it was much more difficult to produce clones from donor cells at later stages of development. John
Gurdon extended this experiment and for the first time showed that nuclei from fully differentiated intestinal cells
could produce clones. The rejuvenation of nuclei from terminally differentiated cells can be explained by the exist-
ence of “young factors” in the cytoplasm of the egg. Interestingly, this is reminiscent of somatic cell rejuvenation
by fusion with embryonic stem cells (ESCs), which indicates the existence of young factors in the cytoplasm of
ESCs as well. By screening 24 transcription factors that are highly expressed in ESCs, Shinya Yamanaka success-
fully identified 4 young factors—Oct4, Sox2, Kif4 and c-Myc-which could reset mature nuclei to the totipotent stage.
Non-human primates are very hard to clone and extensive efforts had been made in that area with little success be-
fore Qiang Sun’s report. Based on advances in our further understanding of the mechanism of somatic cell repro-
gramming, Dr. Sun’s team optimized the standard SCNT protocol with improved nuclear manipulation and
TSA/Kdm4d treatment for a short period of time after cell fusion to successfully clone monkeys. The success of
monkey cloning further indicates that there is no obstacle to cloning humans in principle. Although we must forbid
human cloning due to the complex associated social and ethical problems, we should consider therapeutic cloning
for human disease treatments.

cloned monkey, Kdm4d, reprogramming, somatic cell nuclear transfer (SCNT), totipotency

doi: 10.1360/N972018-00179
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