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As miRNAs tend to exist in clusters (Altuvia et al., 2005)

and the miRNAs in the same clusters usually have the

similar expression profiles and act together in cell pro-

cesses (Baskerville and Bartel, 2005), we made our miRNA

set. The miRNAs in one single cluster consist one sub-

set. The whole clustered set is comprised by all the sub-

sets.

Results and Discussion

By the GSEA method, we found two different results

respectively. The detailed significant miRNAs are in the

supplementary files 1 and 2.

Result by the miRNA Family Set

As to the gene family set, we find that 4 gene sub-sets

(groups) are up-regulated with the significant FDR (false

discovery rate) < 25% and nominal p-value < 1% (see

Table 1, Figure 1). FDR is the estimated probability that a

gene set with a given NES (normalized enrichment score)

(Subramanian et al., 2005) represents a false positive find-

Figure 1: The four results of miRNA subsets. A, B, C, D show different enrichment score behaviors. These four subsets

are significantly differentially expressed.
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ing. For example, an FDR of 25% indicates that the result

is likely to be valid 3 out of 4 times. As to HSA-MIR-29

family, this sub-set consists of hsa-mir-29a and hsa-mir-

29c after the filtering out process (Some miRNAs in a set

will not be used because of set size, the minimal set size

was set as 2). After the process, we get the result that

hsa-mir-29a and hsa-mir-29c are significantly enriched,

which means that they may have an important relation-

ship with CHF. At the Same time, we should not neglect

the HSA-MIR-515 sub-set. This sub-set is not significantly

down-regulated, but it may also have important effects. It

is one of the most useful statistical values.

Result by the Clustered miRNA Set

As to the clustered miRNA set, we find one miRNA

sub-set is up-regulated with the significant FDR < 25%

and nominal p-value < 1% (see Table 2, Figure2). Two

sub-sets are down-regulated but not significant enough.

As to CLUSTER 5, this sub-set consists of hsa-let-7e and

hsa-mir-125a after the filtering out. hsa-let-7e and hsa-

mir-125a may have the most important effects and highly

correlated with CHF. Similarly, we should not neglect the

other two sub-sets.

Discussion

More than 700 human miRNAs have been identified so

far and the total number may be around 1000 (Berezikov

et al., 2005). Although the mechanism of CHF is not pres-

ently clear, the relationship between miRNAs and heart

diseases has advanced rapidly. In our results, there are

some miRNAs which may have very important relation-

ships and close correlations with CHF. The subsequent

problem is that whether these miRNAs really have links

to CHF. Here we searched them in scientific journals to

confirm our findings.

With the results predicted by miRNA family set, HSA-

MIR-29 family (mir-29 family: hsa-mir-29a, hsa-mir-29c)

and HSA-LET-7 (let-7 family: hsa-let-7b, hsa-let-7c, hsa-

let-7d, hsa-let-7e, hsa-mir-98) may have the links to CHF.

According to Thum’s paper (Thum et al., 2007), has-mir-

29a was up-regulated in CHF. Additionally, the

dysregulation of hsa-mir-29a in the development of car-

diac hypertrophy has been validated by Northern blot and/

or qRT-PCR (Cheng et al., 2007; Sayed et al., 2007).

Besides mir-29 family, Feitelson et al reported that let-7

family is related to many diseases and is down-regulated

in hepatocellular carcinoma, lung neoplasm, colonic neo-

plasm (Feitelson and Lee, 2007; Zhao et al., 2007). As we

know, c-myc is one of the critical oncogenes. A study of

c-Myc protein shows that miRNA has an effect on the

development of cancer (He et al., 2005). The expression

of the c-myc gene is modulated by let-7 (Koscianska et

al., 2007). Since the proto-oncogene expression might me-

diate the hypertrophic mechanism in heart failure (Kai et

al., 1998), we may get the idea of the close relationship of

has-let-7 and CHF. Moreover, hsa-mir-98, which exist in

miRNA family Size ES NES P value FDR 

HSA-MIR-29 2 0.80 1.79 0.000 0.000 

HSA-LET-7 5 0.70 1.32 0.000 0.140 

HSA-MIR-132 2 0.82 1.27 0.000 0.093 

HSA-MIR-8 2 0.71 1.21 0.000 0.227 

HSA-MIR-515 4 -0.41 -1.00 0.333 0.507 

Table 1: Four sub-sets are up-regulated significantly. And

there is also a down-regulated sub-set (HSA-MIR-515)

which is not significant enough.

Figure 2: The enrichment score of CLUSTER 5 (hsa-

let-7e, hsa-mir-125a) shows the significance of differen-

tially expressed miRNAs.

Clusterd miRNA Size ES NES P value FDR q-val 

CLUSTER 5 2 0.92 2.20 0.000 0.000 

CLUSTER 13 2 -0.59 -1.06 0.500 0.383 

CLUSTER 47 2 -0.46   1.000 

 

Table 2: One sub-set is up-regulated significantly. And

there are also two down-regulated sets, which¡¡are not

significant enough.
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the same HSA-LET-7 set is up-regulated (Thum et al.,

2007).

Furthermore, some of the miRNAs in other significant

sub-sets also have been reported. Most of these miRNAs

we predicted are important and have links to CHF.

With the results we predicted by miRNA clustered set,

hsa-let-7e and hsa-mir-125a may have links to CHF. As

for hsa-let-7e, it is also included in hsa-let-7 sub-set with

miRNA gene family set analysis as in the previous analy-

sis. As for hsa-mir-125a, it is down-regulated in hepato-

cellular carcinoma, breast Neoplasms, and heart failure

(Williams, 2008; Dalmay and Edwards, 2006; Thum et al.,

2007). When it comes to the other miRNAs, we predicted

most of them like hsa-mir-432, hsa-mir-136, hsa-mir-302a,

and hsa-mir-367 have also been reported with similar ef-

fects in Thum’s paper and other papers, although they

were not enough significant in our research (Thum et al.,

2007).

Through the differentially we only used secondary data

from Thum’s paper. Additionally, the novel analysis method

may have the limitations like the defining of the set, which

leaves us challenges in the future improvement. Never-

theless, the result is surprising that the predicted miRNAs

still give us hints that we may put more emphasis on them

in the future biology explorations in order to make sure

whether they have real functions. To better understand

the biology of these miRNAs, we may further study them

by doing biological experiments like knocking down the

expression of the some miRNAs in a specific pathological

model.

Conclusion

Traditional differential miRNA identification methods in

miRNA microarray analysis always focus on testing one

miRNA at one time. They may fail to detect miRNAs that

don’t have very significant fold change but really have

significant associations. In our study, we introduced the

miRNA set concept and analyzed the miRNA microarray

expression data of CHF at the level of groups by the tool

of GSEA rather than that of the individual gene. In the

study, we put forward a novel way to find the potential

relationships between miRNAs and CHF. Some of the

miRNAs have been reported and validated in the discus-

sion. Although the clear mechanism of CHF has not been

fully understood, our results may help to further under-

stand the relationship between miRNAs and CHF or even

other diseases. Future identification and validation of

miRNA functions will substantially improve our under-

standing of CHF and other human diseases.
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