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The precise control of microRNA (miRNA) biosynthesis is crucial for gene regula-

tion. Lin28A and Lin28B are selective inhibitors of biogenesis of let-7 miRNAs

involved in development and tumorigenesis. Lin28A selectively inhibits let-7 bio-

genesis through cytoplasmic uridylation of precursor let-7 by TUT4 terminal uridyl

transferase and subsequent degradation by Dis3l2 exonuclease. However, a role

of this uridylation pathway remains unclear in let-7 blockade by Lin28B, a paral-

og of Lin28A, while Lin28B is reported to engage a distinct mechanism in the

nucleus to suppress let-7. Here we revisit a functional link between Lin28B and

the uridylation pathway with a focus on let-7 metabolism in cancer cells. Both

Lin28A and Lin28B interacted with Dis3l2 in the cytoplasm, and silencing of Dis3l2

upregulated uridylated pre-let-7 in both Lin28A- and Lin28B-expressing cancer cell

lines. In addition, we found that amounts of let-7 precursors influenced intracel-

lular localization of Lin28B. Furthermore, we found that MCPIP1 (Zc3h12a) ribonu-

clease was also involved in degradation of both non-uridylated and uridylated

pre-let-7. Cancer transcriptome analysis showed association of expression levels

of Lin28B and uridylation pathway components, TUT4 and Dis3l2, in various

human cancer cells and hepatocellular carcinoma. Collectively, these results sug-

gest that cytoplasmic uridylation pathway actively participates in blockade of let-

7 biogenesis by Lin28B.

L et-7 family miRNAs are highly conserved miRNAs that
regulate normal development and function as potent tumor

suppressors. MiRNAs, including let-7, are generated by step-
wise processing by two ribonucleases.(1,2) Nuclear RNase III
Drosha cleaves primary transcripts of miRNA (pri-miRNAs) to
yield the hairpin-structure precursor miRNAs (pre-miRNAs).
Pre-miRNAs are exported to the cytoplasm and further pro-
cessed to miRNA duplexes by the cytosolic RNase III Dicer.
From miRNA duplexes, a single RNA strand is incorporated
into Argonaute proteins, leading to formation of RNA-induced
silencing complex. Functions of let-7 are tightly regulated
through inhibition of the biogenesis thereof by conserved
RNA-binding proteins Lin28 in diverse species.(3–7) In mam-
mals, two Lin28 paralogues, Lin28 (Lin28A) and Lin28B, are
known to selectively suppress let-7 biogenesis.(3–6) Lin28A is
reported to be expressed in embryonic stem (ES) cells and
embryonic carcinoma cells. In contrast, Lin28B is found in
placenta, testis and fetal liver.(8) Lin28 proteins are also known
as reprogramming factors, which cooperate with Oct4, Sox2
and Nanog,(9) and regulators of tumor progression.(10–12)

In a series of studies in ES cells and embryonic cells endog-
enously expressing Lin28A, it has been shown that cytoplas-
mic Lin28A binds to the terminal loop of precursor let-7 (pre-
let-7), induces 30-terminal oligouridylation of pre-let-7 by ter-
minal uridyl transferase (TUTase) TUT4 (Zcchc11), and
blocks pre-let-7 processing by Dicer, thereby inhibiting let-7
biogenesis.(6,13–16) Another TUTase TUT7 (Zcchc6) is reported
to have a redundant function with TUT4.(13,16) Uridylated

pre-let-7 is labile and was recently shown to be degraded by
Dis3l2 exonuclease.(17,18) In contrast, Lin28 proteins have been
reported to have a capacity to interfere with Drosha processing
of primary transcripts of let-7 (pri-let-7).(3,4,19) A recent study
reports that Lin28A and Lin28B use distinct molecular
machineries to inhibit let-7: Lin28A recruits cytoplasmic
uridylation pathway, but Lin28B mainly inhibits Drosha pro-
cessing of pri-let-7 in the nucleus.(20) However, several studies
suggest that Lin28A and Lin28B have similar biochemical
properties and involve similar mechanisms to inhibit let-
7.(6,13,21) Therefore, the role of the uridylation pathway in let-7
blockade by Lin28B remains unclear. In this study, we per-
form comparative analyses of Lin28A and Lin28B and revisit
a functional link between Lin28B and the uridylation pathway
together with an inquiry into the association between Lin28
and uridylation pathway components in cancer transcriptomes.

Materials and Methods

Cell lines, antibodies and plasmids. HEK293T, HeLa, HepG2,
T47D, A549 and PANC-1 cell lines were obtained from the
American Type Culture Collection and maintained in DMEM
(GIBCO, Gaithersburg, MD, USA) containing 10% FBS,
except for T47D cells. T47D cells were maintained in
RPMI1640 medium (GIBCO) with 10 lg ⁄mL insulin and 10%
FBS. The following antibodies were used: Flag epitope tag M2
(Sigma, St. Louis, MO, USA); HA epitope tag Y11 (Santa
Cruz); HDAC1 H-51 (Santa Cruz, Santa Cruz, CA, USA); and
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a-tubulin DM-1A (Sigma). cDNAs encoding human Dis3l2,
Lin28A and Lin28B were cloned into pcDNA3 vector. GFP-
Lin28A and GFP-Lin28B expression vectors were constructed
by inserting Lin28A and Lin28B cDNAs to pEGFP-C1 (Clon-
tech, Mountain View, CA, USA). Pri-let-7g expression vector
and let-7g sensor vector were generated according to our pre-
vious reports.(22–25) The primer sequences used are shown in
Supplementary Table S1.

siRNA. Control siRNAs and siRNAs for Dis3l2 and MCPIP1
were purchased from Dharmacon (Lafayette, CO, USA;
SMARTpool) and Invitrogen (Carlsbad, CA, USA). siRNAs
were introduced into cells using DharmaFECT 1 or 2 transfec-
tion reagent (Dharmacon) or Lipofectamine RNAiMAX (Invi-
trogen). RNAs were collected for subsequent experiments after
48–72 h.

Fluorescence microscopy. After transfection with GFP-
Lin28A and GFP-Lin28B expression vectors, cells were
observed by Olympus IX70 fluorescence microscope.

Immunoblot and luciferase reporter assay. Cytoplasmic and
nuclear fractions were extracted using NE-PER Nuclear and
Cytoplasmic Extraction Reagent (Pierce, Rockford, IL, USA).
Immunoprecipitation, immunoblot analysis and luciferase
reporter assay were performed as previously described.(22)

Quantitative RT-PCR assays. qRT-PCR assays were per-
formed as previously described.(22–25) Total RNAs were
extracted by using Trizol (Invitrogen) or a miRNeasy Mini
Kit (Qiagen, Valencia, CA, USA). For detection of mRNA,
pri-let-7g and U6, total RNAs were subjected to reverse tran-

scription using random hexamers and a PrimeScript II First
Strand cDNA Synthesis Kit (Takara, Shiga, Japan) and quan-
titative RT-PCR (qRT-PCR) assay. Mature miRNAs were
detected using a TaqMan MicroRNA assay kit (Applied Bio-
systems, Foster City, CA, USA). For detection of pre-let-7g,
small RNA fraction was purified with the miRNeasy Mini
Kit (Qiagen), and subjected to reverse transcription using the
PrimeScript II First Strand cDNA Synthesis Kit. To evaluate
the expression levels of uridylated pre-let-7g, total RNA was
subjected to reverse transcription using oligo(dA)12 and the
SuperScript III First-Strand Synthesis System (Invitrogen;
60 min at 50°C) according to the previous report.(17) qRT-
PCR was performed using the 7500 Fast Real-Time PCR
System and StepOne Real-Time PCR System (Applied Bio-
systems). Results were normalized to GAPDH for mRNA
and pri-let-7g detection, and U6 snRNA or RNU44 snoRNA
for evaluation of pre-let-7, mature let-7 and uridylated pre-
let-7. The primer sequences are described in Supplementary
Table S1.

Northern blot analyses and pre-miRNA decay assay. Northern
blot analysis was carried out as previously described.(22,23)

c32P-ATP-labeled oligonucleotides complementary to miRNAs
were used as probes. U6 snRNA was used as a control for
quantification. The stability of uridylated pre-let-7 was
assessed using the Tet-Off Advanced Inducible Gene Expres-
sion System (Clontech). pTRE-Tight-pri-let-7g was constructed
by inserting pri-let-7g into pTRE-Tight vector (Clontech).
HepG2 cells with pTet-off Advanced vector (Clontech) were
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Fig. 1. Subcellular localization of Lin28B and its interaction with Dis3l2. (a) Localization of Lin28A and Lin28B. HEK293T cells were transfected
with Flag-Lin28A ⁄ B expression vectors, and applied to subcellular fractionation and immunoblotting. (b,c) Localization of GFP-Lin28A and GFP-
Lin28B. In panels (b) and (c), GFP-Lin28A (b) and GFP-Lin28B (c) were ectopically expressed in HeLa cells and GFP distribution was microscopically
observed. (d) Localization profiles of Lin28A and Lin28B were scored as cytoplasmic (C), cytoplasmic and nuclear (C+N) or nuclear (N). For Lin28B,
various patterns of GFP distribution were observed. (e) Interaction between Lin28A ⁄ B and Dis3l2. Flag-Lin28A ⁄ B and HA-Dis3l2 were ectopically
expressed in HEK293T cells. Cell lysates were immunoprecipitated with anti-Flag antibody, followed by immunoblotting. (f, g) Effect of pri-let-7g
overexpression on Lin28B localization. Flag-Lin28B (f) or GFP-Lin28B (g) and pri-let-7g were expressed in HeLa cells and analyzed by subcellular
fractionation and immunoblotting (f) and microscopic analysis (g), respectively.
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transfected with pTRE-Tight–pri-let-7g and control siRNA or
siRNA for MCPIP1. At 48 h post-transfection, pri-let-7g tran-
scription was halted by addition of doxycycline (DOX) (1 lg
⁄mL). Total RNA was extracted at the indicated time periods
and subjected to northern blot analysis.

Gene expression profiling analysis. Gene expression profiling
data of Cancer Cell Line Encyclopedia (CCLE) have been
described previously.(26) mRNA expression and miRNA
expression data for hepatocellular carcinoma patient samples
were downloaded from The Cancer Genome Atlas (TCGA)
Data Portal (https://tcga-data.nci.nih.gov/tcga/) in May 2014.
We used level-3 pre-interpreted data provided by TCGA. Gene
Set Enrichment Analysis (GSEA) was performed with GSEA
software available from the Broad Institute (http://www.broa-
dinstitute.org/gsea/).(27) C3MIR, C2CGP and Hallmark gene
sets were used. High confidence let-7 target genes have been
described previously.(28)

Statistical analysis. Statistical analysis was performed using
the two-tailed Student’s t-test for RT-PCR analyses and the
Wilcoxon signed rank sum test for gene expression analyses in
CCLE and TCGA databases.

Results

Cytoplasmic localization of Lin28B and the interaction with

Dis3l2. To investigate the relationship between Lin28B and the
uridylation pathway, we first intensively compared molecular
features of Lin28A and Lin28B. Subcellular fractionation and
immunoblot analyses confirmed the predominant cytoplasmic
localization of both Lin28A and Lin28B (Fig. 1a), which was
consistent with previous observations on cytoplasmic localiza-
tion of Lin28B.(5,8,21,29,30) Subcellular localization of GFP-
tagged Lin28A and Lin28B was consistent with this finding
(Fig. 1b–d). GFP-Lin28A localized to the cytoplasm, especially
the perinuclear area (Fig. 1b), whereas Lin28B distributed in
both the nuclei and cytoplasm in constant populations of trans-
fected cells and sometimes in the nucleoli (Fig. 1c,d). Dis3l2
has been reported to localize primarily in the cytoplasm.(17,31,32)

Next, we investigated whether cytoplasmic Lin28B interacts
with Dis3l2 exonuclease, similarly to Lin28A.(17) Immunopre-
cipitation analyses revealed that both Lin28A and Lin28B inter-
act with Dis3l2 to a similar extent (Fig. 1e). In addition, we
investigated whether amounts of coexisting let-7 precursors
modulate Lin28B localization. Interestingly, we found that
increased expression of let-7 precursors by pri-let-7 overexpres-
sion may promote cytoplasmic shift of Lin28B (Fig. 1f,g).

Silencing of Dis3l2 upregulates uridylated pre-let-7 in both

Lin28A-expressing and Lin28B-expressing cancer cells. Based on
the interaction between Lin28B and Dis3l2, we next sought a
possibility that Dis3l2 is involved in Lin28B-mediated let-7 inhi-
bition through degradation of uridylated pre-let-7. Lin28A and
Lin28B are reported to be expressed in various cancer cell
lines.(33–35) To this end, we validated the expression of Lin28A
and Lin28B in several cancer cell lines and confirmed that
Lin28B is expressed in A549 lung cancer, HepG2 hepatoma and
PANC-1 pancreatic cancer cell lines, whereas Lin28A is
expressed in T47D breast cancer cells (Fig. 2a). This expression
pattern is consistent with the mutual exclusive expression pat-
terns of Lin28A and Lin28B in cancer cells.(20) Next, we sup-
pressed the expression levels of Dis3l2 in these cells and
examined the expression levels of uridylated pre-let-7 to prove a
direct link between Lin28-Dis3l2 axis and let7 uridylation.
Using oligo(dA) primer, we reverse transcribed RNA containing
oligouridine tails and performed qRT-PCR analysis for let-7

precursors. In a similar manner with the effects of Dis3l2 silenc-
ing in Lin28A-expressing ES cells,(17) silencing of Dis3l2 upreg-
ulated the expression levels of uridylated pre-let-7a-1 and pre-
let-7g in both Lin28A-expressing and Lin28B-expressing cancer
cells (Fig. 2b,c). Thus, these findings indicate that the uridyla-
tion pathway lies directly beneath both Lin28A and Lin28B.

Involvement of MCPIP1 in Lin28-controlled let-7 biogene-

sis. Multiple studies have identified various RNA-binding pro-
teins as regulators of miRNA biogenesis. We have previously
identified MCPIP1 (also known as Zc3h12a) as a potent sup-
pressor of miRNA activity and production.(22,36) MCPIP1
cleaves the terminal loops of pre-miRNAs and blocks miRNA
biogenesis. We previously reported that MCPIP1 is expressed
in HepG2 cells expressing Lin28B and that silencing of
MCPIP1 led to widespread upregulation of miRNAs in this
cell type.(22) Considering that both Lin28B and MCPIP1 can
be induced by inflammatory signals along with activation of
NF-jB pathway,(37–39) we additionally investigated the roles of
MCPIP1 in let-7 biogenesis in the context of crosstalk with the
uridylation pathway.
We first investigated whether MCPIP1 suppresses the ordinary

course of let-7 maturation and let-7 function. In accordance with
our previous results, MCPIP1 potently suppressed the activities
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Fig. 2. Silencing of Dis3l2 upregulates uridylated pre-let-7 in both
Lin28A- and Lin28B-expressing cancer cells. (a) Expression levels of
Lin28A and Lin28B in human cancer cell lines, quantified by quantita-
tive RT-PCR (qRT-PCR) analysis. (b, c) Effects of Dis3l2 depletion on the
levels of uridylated pre-let-7. The levels of uridylated pre-let-7a-1 (b)
and pre-let-7g (c) were compared by qRT-PCR analyses in cells trans-
fected with control siRNA or siRNA for Dis3l2. RNA expression levels
of cells transfected with control siRNA were set at 1. Error bars repre-
sent SD. *P < 0.05
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of let-7g, depending on intact NYN nuclease domain and CCCH
motif, in HEK293T cells (Suppl. Fig. S1a). MCPIP1 suppressed
de novo biogenesis of let-7g (Suppl. Fig. S1b). These results
were confirmed by northern blot analysis in HEK293T cells
(Fig. 3a, left).
In contrast, in HepG2 cells, the introduction of pri-let-7g

could not achieve the production of pre-let-7g and mature let-
7g (Fig. 3a, right). In addition, products slightly longer than
expected pre-let-7g were observed (Fig. 3a, right), indicating
effective pre-let-7 uridylation triggered by Lin28B. In this
condition, intriguingly, MCPIP1 knockdown further promoted
the accumulation of uridylated pre-let-7 in HepG2 cells
(Fig. 3a, right). We examined whether MCPIP1 promotes the
degradation rate of uridylated pre-let-7, using a tetracycline-
regulated repression system. As shown in Figure 3(b), MCPIP1
knockdown attenuated the decay of uridylated pre-let-7 after a

halt of pri-let-7g transcription by DOX treatment. Combination
of silencing of Dis3l2 and MCPIP1 further enhanced the
expression levels of uridylated pre-let-7 in A549 and HepG2
cells (Fig. 3c). These results thus suggest that MCPIP1 is a
secondary ribonuclease involved in degradation of uridylated
pre-let-7 (Fig. 3d).

Association of Lin28A ⁄B and uridylation pathway components

in cancer cells. Lin28 proteins are known to contribute to tumor
progression.(40) Overexpression of Lin28A and Lin28B (overall
frequency 10–30%) is observed in diverse cancer types, includ-
ing germ-cell tumors, leukemia, breast cancer, colon cancer,
hepatocellular carcinoma, neuroblastoma, Wilms tumor and
ovarian cancer.(20,33–35,40,41) In particular, high expression of
Lin28B is reported in liver cancer and neuroblastoma.(33,42,43)

In these cancer types, Lin28A and Lin28B are thought to pro-
mote tumor progression and to be associated with advance
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stages.(33,35,40,42) Next, we investigated the association between
Lin28A ⁄B and the components of uridylation pathway. To this
end, we used the CCLE database, which includes genome-wide
expression profiles of diverse cancer cell line cohorts.(26) Clus-
tering analysis of expression profiles for Lin28A, Lin28B,
TUT4, TUT7, Dis3l2 and MCPIP1 showed that a subset of
cancer cell lines expressed Lin28A and Lin28B in a mutually
exclusive manner and that Lin28B-positive cancer cells tended
to show high expression of TUT4 and Dis3l2 (Fig. 4a). In con-
trast, we failed to observe a clear tendency for high expression
of TUT7 and MCPIP1 in Lin28B-positive cancer cells,
although a subset of Lin28B-positive cancer cells, including
A549 and HepG2 cells, showed high expression of MCPIP1.
Further analyses showed significantly high expression of TUT4
and Dis3l2 in Lin28B-positive, but not Lin28A-positive, cancer
cells (Fig. 4b). We also investigated the association between

TUT4 expression status and let-7 function. Because the CCLE
database does not include miRNA expression profiles, we
interrogated let-7 function using GSEA(27) for let-7 potential
targets predicted by TargetScan and high confidence let-7 tar-
get genes, which were recently reported.(28) GSEA confirmed
derepression of let-7 potential targets and high confidence tar-
gets in both Lin28A-positive and Lin28B-positive cancer cells
(Suppl. Fig. S2a,b). Moreover, we found that TUT4-high
Lin28B-positive cancer cells showed high expression of high
confidence let-7 targets compared to TUT4-low Lin28B-posi-
tive cancer cells, while only a marginal increase was observed
for let-7 potential targets (Fig. 4c and Suppl. Fig. S2c). Dere-
pressed targets in TUT4-high Lin28B-positive cancer cells
included some oncofetal genes, including IGF2BP1 and
NR6A1, an embryonic transcriptional repressor, which is a key
target of let-7 for continual suppression of mid-gestation devel-
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Fig. 4. An association between Lin28 and uridylation pathway components in cancer cell lines. (a) Heat map showing the expression of Lin28A,
Lin28B, TUT4, TUT7, MCPIP1 and Dis3l2 in Cancer Cell Line Encyclopedia (CCLE) cancer cell line database. (b) Violin plot of Z-score for expression
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opmental program (Suppl. Table S2).(28) These findings sug-
gest that high expression of TUT4 confers more robust sup-
pression of let-7 functions in Lin28B-positive cancer cells.
We also analyzed characteristics of Lin28A-positive and

Lin28B-positive cancer cell lines using the CCLE database.
GSEA showed enrichment of genes highly expressed in luminal-
type breast cancers,(44) such as KRT19, ERBB2, ESR1, CLDN4
and CLDN7, and BRCA network-related genes (BRCA1,
BRCA2 and ATM)(45) in Lin28A-positive and Lin28B-positive
cancer cells, respectively (Fig. 4d and Suppl. Table S3). These
findings may correlate with a previous study describing that
Lin28A is expressed in HER2-positive breast tumors, while
Lin28B is expressed in triple-negative breast tumors.(20) In addi-
tion, Myc is reported to transcriptionally activate Lin28B but not
Lin28A,(46) and GSEA also suggested high activity of Myc in
Lin28B-positive cancer cells (Fig. 4e and Suppl. Table S4). Col-
lectively, these findings suggest that Lin28A and Lin28B may be
involved in tumor progression in distinct cellular contexts and
converge on overlapped molecular machineries to inhibit let-7.

Lin28B and uridylation pathway in hepatocellular carci-

noma. We investigated the association between Lin28B and
uridylation pathway in another dataset for human hepatocellu-
lar carcinoma (HCC), provided by the TCGA. The TCGA
database of 200 HCC samples includes approximately 15% of
Lin28B-positive cases, while Lin28A-positive cases were
scanty. This dataset also showed a trend of Lin28B-positive
cancer showing high expression of TUT4 and Dis3l2 (Fig. 5a),
similar to the CCLE dataset. High expression of TUT4 and
Dis3l2 in Lin28B-positive was statistically significant

(Fig. 5b). In addition, we interrogated the association between
TUT4 expression status and let-7 expression status to examine
direct impacts of TUT4 on let-7 biogenesis, by analyzing
paired profiles for RNA and miRNA in the TCGA database
(Fig. 5a) and averaging let-7 family expression values. This
analysis showed that TUT4 high cases tended to express low
levels of let-7 families, although this did not reach statistical
significance and should be confirmed by further large-scale
investigations (Fig. 5c). In addition, a recent report suggests
that the extent of let-7 blockade by Lin28 proteins depends on
the length and sequence feature of pre-let-7 of independent let-
7 miRNAs.(21) Accordingly, we observed a trend that let-7
members with long uridine-rich terminal loops (let-7b, let-7d,
let-7f, let-7g, let-7i and miR-98) decreased more remarkably in
Lin28-positive cases, than let-7 members with short terminal
loops (let-7a, let-7c and let-7e) (Suppl. Fig. S3). Together with
the results in Figure 4(c), these findings suggest that high
TUT4 expression promotes inhibition of let-7 in Lin28B-posi-
tive cancers.

Discussion

In summary, we revisited a functional link between Lin28B
and the uridylation pathway and found that both Lin28A and
Lin28B interact with Dis3l2 exonuclease in the cytoplasm and
that silencing of Dis3l2 upregulates uridylated pre-let-7 in both
Lin28A-expressing and Lin28B-expressing cancer cell lines.
Our findings collectively indicated that cytoplasmic uridylation
pathway actively participates in blockade of let-7 biogenesis
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Fig. 5. An association between Lin28 and uridylation pathway components in hepatocellular carcinoma. (a) Heat map showing the expression
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by Lin28B. In addition, although Lin28A is reported to act pri-
marily in the cytoplasm, a recent report has shown that mo-
nomethylation of Lin28A by SET7 ⁄ 9 increases nuclear
retention of Lin28A and induces blocking of pri-let-7 process-
ing.(47) Thus, these studies suggest that Lin28A and Lin28B
have considerably overlapping functions in the context of both
uridylation-mediated cytoplasmic blockade and nuclear block-
ade of let-7 biogenesis.
Although localization of Lin28B is controversial,(20,21) a pre-

vious report suggests cell cycle-dependent dynamics of Lin28B,
in which Lin28B accumulates in the nucleus in G2 and S
phase.(8) In addition, Lin28A has also been reported to locate to
stress granules upon cellular stress,(48) indicating dynamics of
Lin28 localization. Interestingly, we found that amounts of let-7
may influence intracellular localization of Lin28B (Fig. 1f,g),
suggesting that intracellular distribution of substrate RNA bound
by Lin28 may alter the localization of Lin28A ⁄B. Thus, various
factors influence localization of Lin28 proteins, potentially
explaining the controversy of Lin28B localization. Together
with cytoplasmic localization of TUT4 and Dis3l2,(13,18,31,32)

our findings support that cytoplasmic Lin28B blocks let-7 bio-
genesis in cooperation with uridylation pathway, including
TUT4 and Di3l2.
We also found that MCPIP1 ribonuclease, involved in degra-

dation of pre-miRNAs, is a secondary ribonuclase for degrada-
tion of uridylated pre-let-7 (Fig. 3). It has been shown that
Lin28 promotes generation of uridylated pre-let-7 with hetero-
geneous length of uridine (U)-tail in cells expressing Lin28A
or Lin28B.(6) Because Dis3l2 preferentially degrades long U-
tails longer than 10 nucleotides,(17) a portion of uridylated pre-
let-7 with short U-tails shorter than 10 nucleotides may not be
efficient substrates for Dis3l2. Thus, it may be postulated that
MCPIP1 degrades uridylated pre-let-7 with short U-tails and
compensates for Dis3l2 activity in the uridylation pathway. In
addition, considering that both Lin28B and MCPIP1 can be

induced by inflammatory signals along with activation of NF-
jB pathway,(37,39) coordinated regulation of MCPIP1 and
Lin28B may reinforce the uridylation pathway to effectively
block the biogenesis of let-7.
Furthermore, our analyses highlighted that Lin28B-positive

cancers are associated with high expression of TUT4 and
Dis3l2, supporting the positive contribution of uridylation
pathway to Lin28B function. Because depletion of TUT4 has
been shown to inhibit the growth of Lin28A-positive can-
cers,(20) our findings may expand the therapeutic potential of
TUT4 inhibition to Lin28B-positive TUT4-high tumors. In
addition, the present study suggests that Lin28A and Lin28B
function as oncogenes in distinct cellular contexts affected by
various factors, including cell types and Myc activation
(Fig. 4d,e). Further analysis would provide insight into the
pathological roles of Lin28A and Lin28B and their significance
as potential biomarkers and therapeutic targets.
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Supporting Information

Additional supporting information may be found in the online version of this article:

Fig. S1. Inhibition of let-7 function and biogenesis by MCPIP1 in HEK293T cells. (a) Effect of MCPIP1 on let-7g activity in HEK293T cells.
Let-7g sensor and pri-let-7g were coexpressed with ⁄without MCPIP1 (wild type [WT], D141N and C306R) in HEK293T cells, and subjected to
luciferase reporter assay. (b) Suppression of let-7 biogensis by MCPIP1. HEK293T cells were cotransfected with MCPIP1 expression vector and
pri-let-7g expression vector, and applied to qRT-PCR analysis. Error bars represent SD. *P < 0.05

Fig. S2. An association between Lin28 and uridylation pathway in Cancer Cell Line Encyclopedia (CCLE) database. (a,b) Upregulation of let-7
potential target genes and high confidence target genes in Lin28A-positive (a) and Lin28B-positive (b) cell lines in CCLE, analyzed by using gene
set enrichment analysis (GSEA). (c) Upregulation of let-7 potential target genes in TUT4-high Lin28B-positive cell lines in CCLE, compared to
TUT4-low Lin28B-positive cell line, analyzed by GSEA.

Fig. S3. Effects of Lin28B on let-7 family members in TCGA hepatocellular carcinoma database. (top) Comparison of sequences of precursors of
let-7 family miRNAs. (bottom) Violin plots of Z-scores for expression levels for independent let-7 family miRNAs in TCGA hepatocellular carci-
noma database. Boxes represent the median and IQR. Error bars represent 1.59 IQR.

Table S1. Primers used in this study.

Table S2. Lead edge genes in high confidence let-7 target gene set, which are overexpressed in Lin28B + TUT4 high cancer cell lines.

Table S3. Gene set enrichment analysis (GSEA) results in Cancer Cell Line Encyclopedia (CCLE) dataset (C2CGP gene sets).

Table S4. Gene set enrichment analysis (GSEA) results in Cancer Cell Line Encyclopedia (CCLE) dataset (Hallmark gene sets).
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