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Gene amplification has been frequently used for the production of biopharmaceuticals from cultured animal cells. The 
most widespread method is the amplification of Dhfr gene-bearing plasmid in hamster CHO cells by the addition of 

methotrexate (Mtx) to the culture. However, this method requires long time, much labor. Furthermore, the high producer 
cells developed by this method frequently become unstable during cultivation. Whereas, we found that the plasmid with a 
mammalian replication initiation region (IR) and a matrix attachment region (MAR) is “spontaneously” amplified to high copy 
number in animal cells. This is a completely novel gene amplification technology and it requires both IR and MAR sequence in 
a special plasmid construct. Because the IR/MAR promote the replication initiation, the IR/MAR plasmid is initially amplified 
in the transfected cells at the extrachromosomal context to be a giant circular molecule in which the plasmid sequences 
are arranged as a direct repeat. Such giant circles are then integrated into multiple chromosomal sites in a cell. Thus, the 
plasmid multimer have a chance to integrate to chromosome site that support both high expression and further amplification. 
Such plasmid repeats in the chromosomal arm may be further elongated to a large homogeneously staining region (HSR), 
spontaneously or upon stimulation by Mtx, depending on the cell type used. The combined method of the IR/MAR and the 
conventional Dhfr/Mtx resulted in the faster plasmid amplification under the lower concentration of Mtx that alleviate Mtx-
induced instability of amplification. The high producer clones from CHO DG44 cells produced recombinant antibody in a 
suspension culture at a production rate of 45 pg/cell/day, a highly competitive value. Taken together, our technology provides 
a rapid and easy way to produce CHO cell clone that stably produce higher amount of biopharmaceuticals.
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