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mi croR NAs (miR NAs) are small, endog e nous RNAs of about 22 

nucle o tides that neg a tively reg u late gene expres sion, mainly by 

trans la tional repres sion [1,2]. miR NAs play impor tant roles in reg-

u la tion of cell pro lif er a tion, dif fer en ti a tion, and main te nance of 

“stem ness” [3–8], and play a par tic u larly prom i nent role in devel-

op ment. Dis tinct sets of miR NAs, miR-302 clus ter and miR-371 

clus ter, are spe cif  cally expressed in plu rip o tent human embry-

onic stem cells (hESCs) but not in dif fer en ti ated embry oid bodies 

or adult tis sues [9]. Very recently, it was found that the pro moter 

of the miR-302 clus ter was occu pied by key ES cell tran scrip tional 

fac tors (Oct4, Sox2, and Na nog) in mouse and human cells [10–12] 

and that expres sion of the miR-302 clus ter genes was down-reg-

u lated in response to Oct4 deple tion [12]. The miR-302 fam ily is 

also able to repro gram human skin can cer cells to a pluro po tent ES 

cell-like state [13]. These data sug gest that the gene clus ter can be 

reg u lated by core tran scrip tion fac tors of ES cells and that it may 

play an inte gral role in the reg u la tory cir cuitry con trol ling ES cell 

“stem ness”.

The fam ily of D-type cyc lins exhib its seg men tally restricted 

expres sion pattern in hind brain, and is, there fore, impli cated 

in devel op men tal reg u la tion [14]. The D-type cyc lins (Cyclin D1, 

D2, and D3) are cell cycle reg u la tory pro teins that con trol spe-

cifc cyclin-depen dent kinases (CDKs) reg u lat ing the mid-G1 cell 

cycle check point [15]. Gas tru la tion in rodents is asso ci ated with an 

increase in the rate of growth and with the ini ti a tion of dif fer en ti-

a tion within the embryo proper. Cyclin D1 is a tar get of miR-302a 

in hESCs (H1) [11], sug gest ing that the miR-302 clus ter pro vides a 

link between key tran scrip tional fac tors and cell cycle reg u la tion 

in ES cells.

Ret i noic acid (RA) plays a crit i cal role dur ing nor mal devel op-

ment and reg u lates the deci sion between con tin ued growth or 

dif fer en ti a tion in a vari ety of tumor cell lines [16]. In par tic u lar, 

strong evi dence sup ports a role of RA in neu ro nal devel op ment 
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Embry onic stem cells (ESCs) and embry o nal car ci noma cells (ECCs) pos sess the remark able prop erty of 

self-renewal and dif fer en ti a tion potency. They are model prep a ra tions for inves ti gat ing the under ly ing 

mech a nisms of “stem ness”. mi croR NAs are recently dis cov ered small non cod ing RNAs with a broad spec-

trum of func tions, espe cially in con trol of devel op ment. Here, we show that miR-302b indi rectly reg u-

lates expres sion of the plu rip o tent stem cell marker Oct4, and it directly reg u lates expres sion of Cyclin 

D2 pro tein, a devel op men tal reg u la tor dur ing gas tru la tion. Using loss-of func tion and gain-of func tion 

approaches, we dem on strate that func tional miR-302b is nec es sary to main tain stem cell self-renewal 

and inhibit neu ro nal dif fer en ti a tion of human ECCs. Dur ing ret i noic acid-induced neu ro nal dif fer en ti a-

tion, Cyclin D2 pro tein but not mRNA expres sion is strongly increased, con cur rent with the down-reg u la-

tion of miR-302b and Oct4. Our results sug gest that miR-302b plays an impor tant role in main tain ing the 

plu ri po ten cy of ECCs and prob a bly ESCs, by post-tran scrip tional reg u la tion of Cyclin D2 expres sion.
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[16,17]. RA treat ment of human embry o nal car ci noma (hECC) NT2/

D1 cells results in growth inhi bi tion and neu ro nal dif fer en ti a tion, 

which can be mon i tored by the expres sion of mark ers such as neu-

ro nal spe cifc cyto skel e tal pro teins and sec re tary or sur face mark-

ers [18]. NT2/D1 cells spe cif  cally express the miR-302 gene clus ter 

in a pattern sim i lar to hESCs [9].

Here, we report that among the spe cifc genes in the miR-302 

clus ter, mature miR-302b, derived from the anti sense part of 

pre-miR NA, is highly expressed in undif fer en ti ated NT2/D1 cells 

rel a tive to RA-induced neu ro nal dif fer en ti ated cells. In con trast 

miR-302b* expressed from the sense part is barely detect able in 

undif fer en ti ated cells. Expres sion of both mature miR NAs from 

either the sense or anti sense strand of other pre-miR NA clus ter 

genes (miR-302a*, miR-302a, miR-302c*, and miR-302c) is abun-

dant in undif fer en ti ated cells. We thus focused on effec tive ness 

of miR-302b to medi ate “stem ness” or neu ro nal dif fer en ti a tion of 

NT2/D1 cells. Func tional miR-302b is nec es sary to main tain self-

renewal and inhibit neu ro nal dif fer en ti a tion of cells, by reg u la tion 

of expres sion of Cyclin D2.

Mate ri als and meth ods

Cell cul ture, reagents, and trans fec tion. The NT2/D1 cell line was 

cul tured in DMEM/F-12 medium, sup ple mented with 10% fetal 

bovine serum (FBS), pen i cil lin, strep to my cin, and glu ta mine under 

humid i fed 5% CO2. For neu ro nal dif fer en ti a tion of NT2/D1 cells, 

5 lM ret i noic acid (RA) (Sigma) was added to the medium every 

day for 10 days. Anti-miR-302b (AM10081) and Pre-miR-302b 

(PM10081) (Am bi on) were used for inhi bi tion (AS-R-302b) and 

over-expres sion (miR-302b) of miR-302b. For all trans fec ted cells, 

FITC-anti-miR-302b (*AS-R-302b) (Samc hully Pharm. Co., Korea) 

or FAM-anti-miR neg a tive con trol (*AS-R-Con trol) (AM17012) 

(Am bi on) were used for FACS anal y sis, using a mod u lar flow 

cytom e ter (Cy to ma tion). For trans fec tion of syn thetic miR NAs, 

Fig. 1. Dif fer en tial expres sion of miR-302 fam ily in undif fer en ti ated cells rel a tive to dif fer en ti ated ones. (A) Expres sion pattern of neu ro nal genes by RT-PCR in NT2/D1 cells 

after expo sure to 5 lM ret i noic acid (RA) for indi cated num ber of days. Oct4 and b-actin are used as an undif fer en ti ated (U) marker and a load ing con trol, respec tively. (B) 

miR NAs over-expressed in undif fer en ti ated (U) and dif fer en ti ated (D) cells using mir Vana array. (C) Dif fer en tial expres sion of miR-302 fam ily in undif fer en ti ated cells rel a tive 

to dif fer en ti ated ones. All anti sense (a-d) and some sense (a*, c*) miR-302 fam ily expressed mainly in undif fer en ti ated cells and dis ap peared in 10 days’ dif fer en ti ated cells. 

(D) Expres sion of miR NAs in cells before (U) and after dif fer en ti a tion (D) using North ern blot anal y sis. Total RNAs were used from cells at 0 day (U) and 10 days (D) after RA 

treat ment. (E) Expres sion of miR-302b in cells after expo sure to RA for indi cated days by North ern anal y sis. U6 is used as an inter nal con trol.
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