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ABSTRACT

In searching of differentially expressed genes in human uterine leiomyomas, differential display was used

with twelve pairs of primers to compare human uterine leiomyomas with matched myometrium. False posi-

tives were eliminated by reverse Northern analysis. Positives were confirmed by Northern blot analysis.

RESULTS: [1] Four of 69 cDNA fragments (3 up-regulated named L1, L2 and L3 and 1 down-regulated

named M1 in leiomyoma) were confirmed by Northern analysis. [2] Sequence comparison and Northern

analysis proved that L1 is exactly the human ribosomal protein S19. [3] It was present ubiquitously in 13

tissues tested but in various levels and even in different size. [4] L1 was highly expressed in parotidean

cystadenocarcinoma, pancreatic cancer and breast cancer examined. [5] No mutations have been found in

human uterine leiomyomas (n=6). CONCLUSIONS: hRPS19 overexpression migh be a universal signal in

rapid cell growth tissues.
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INTRODUCTION

Uterine leiomyomas (ULs) have been considered

to be of unicellular origin[1]. It is one of the most

common benign tumors, occurring in 20% to 30% of

women[2], accounting for significant morbidity and

usually need major surgery[3] which might cause

some side effects afterwards[4]. Therefore, to de-

velop certain drug treatments instead has been the

hope of these patients for a long time. Using alter-

native approaches for studying patients suffering

from leiomyoma in various ethnic groups worldwide

has revealed that steroid and polypeptide growth

factors may be involved in the development and

growth of these tumors[5-9] and chromosome ab-

normality in tumor cells from 40% of patients fre-

quently occurred in 7q22( ~ 35%) and 12q14-15(

~ 30%)[10-14]. It is hoped that by identifying those

genes activated or repressed in leiomyomas will pro-

vide new insights into the mechanisms and new

methods for therapy. A promising technique termed

mRNA differential display (DD) has been described

and used to identify differential mRNAs in subsets

of tissue from patients since the early Nineties[15].

This method has the advantage of being very

sensitive, reproducible and can detect quantitative

as well as qualitative changes in gene expression[16],

[17]. We report here the use and validation of this

method to study differential gene expression in uter-

ine leiomyomas and the isolation, characterization



40

of human S19 ribosomal protein (hRPS19) gene up-

regulated in human uterine leiomyomas.

MATERIALS AND METHODS

Patients

Six patients with uterine leiomyoma at the age of 34 to 52 years

old were hysterectomized in OB/GYN Hospital, Shanghai Medical

University. Tissues separately from leiomyoma and matched nor-

mal uterine myometrium were snap frozen immediately after re-

moval and kept at -70oC for further study.

Tissue samples

Surgically removed fetal liver, adult thyroid, prostate, testis,

skeletal muscle, corpus luteum and brain were obtained from

Shanghai Medical University by donors. Pancreatic cancer,

parotidean cystadenocarcinoma, breast cancer and matched nor-

mal tissues were obtained from Shanghai Medical University

hospital.

Isolation of differentially expressed mRNAs

Total RNA was isolated from 3 pairs of leiomyomas and

matched myometrium (separately from three patients) by the

single-step guanidine isothiocyanate method[18]. Differential dis-

play was performed as described by Liang et. al[19]. The resulted

total RNAs were first treated with DNase I to get rid of any DNA

trace left. Two microliter (2 μg) of DNA-free total RNAs from each

sample were used as templates for reverse transcription, And the

resulted cDNA was amplified by the PCR in 20 μl with 0.5 μM 10

mer arbitrary primer, 1×PCR buffer, 2.5  μM of respective an-

chored primers(e.g., T11CA), 4  μM dNTPs, 3 units of Taq DNA

polymerase (Huamei, China) and 1 μCi [α-32P]dATP. PCR was

performed for 40 cycles in 94  for 30 s, 40  for 60 s, 72  for 50

s, with a final elongation cycle for 7 min at 72 . In this step,

duplicate reactions were performed to minimize errors and ap-

pearance of false positive bands. To assure that the RNA samples

did not have any remaining chromosomal DNA contamination,

we also performed the PCR reaction in the absence of reverse

transcriptase which resulted in complete disappearance of bands

in the display (data not show). The amplified cDNAs were then

precipitated, counted and resuspended in formamide loading buffer

for 20000 counts/μl. Six microliter of the sample was heat-dena-

tured at 95  for 5 min and then separated on a 6% DNA sequenc-

ing gel at 40W for 2.5 h. The gel was dried onto Whatman 3-mm

paper, and exposed to x-ray film for overnight. Bands showing

differential expression were cut out and DNA was eluted and

reamplified using appropriate primers and conditions described

above except no radioisotope was added and the concentration of

dNTPs were increased to 40 μM in 50 μl. The PCR product was

visualized on a 1.5% agarose gel to verify size, and then purified

for Northern blot analysis or cloning.

Radiolabeling DNA probes and Northern blot
analysis

Reamplified cDNAs were recovered from gel. About 25ng of

DNA was radiolabeled with 30 μCi [α-32P]dATP (Amersham) and

the Prime-A-gene Labeling System (Promega Cor). Twenty micro-

gram total RNA from each sample of leiomyoma and matched

normal myometrium in other three patients was fractionated by

size on a 1.2% agarose/17.9% formaldehyde denaturing gel (5.5 h

at 45V), capillary transferred overnight onto Hybond N plus mem-

brane (Amersham) and fixed under ultraviolet light for 150mJ.

RNA ladder of 1.6-7.4 kb (Boehringer Mannheim) was fraction-

ated concurrently. The membrane was pre-hybridized in 15%

formamide, 0.2 M sodium phosphate pH 7.2/1 mM EDTA/1%(W/

V) bovine serum albumin (BSA)/7%(W/V) sodium dodecyl sulphate

(SDS) for 4 h at 65 , then subsequently hybridized for overnight

at 65  with 32P-labeled DNA probe and washed at high stringency

(three times in 40 mM sodium phosphate pH 7.2/1 mM EDTA/1%

SDS for 30 min at 65 ). Autoradiographs were obtained by expo-

sure of the membranes to x-ray film(Kodak) at -70  for an

appropriate amount of time. An 18S r-RNA hybridization signal

was used as a loading control. Autoradiographs with pronounced

differences in expression were analyzed by densitometry to con-

firm or deny the differentially displayed mRNA in leiomyoma and

myometrium.

Cloning and sequencing

Reamplified cDNAs, which were confirmed in Northern blot

analysis, were then cloned into the pBluescript vector/EcoR V

with a T tail. The insert from individual plasmid DNA was

rehybridized to the same RNA blot to confirm the differential

expression pattern in leiomyoma versus matched normal myo-

metrium and then sequenced. The cDNA sequences were com-

pared with those known cDNA sequences contained in the GenBank

using BLAST (http://www.ncbi.nlm.nih.gov/blast).

RESULTS

Isolation of mRNA fragments differentially ex-
pressed between leiomyoma and matched myo-
metrium

Twelve combinations of primer sets made of two

anchored primers (T11CA, T11MC) and 6 decamer

arbitrary primers (ltk3: CTTGATTGCC, 501:

TACAACGAGG, 502: TGGATTGGTC, 503:

CTTTCTACCC, 504: TTTTGGCTCC, 505:

TCGATACAGG) were used in RT-PCR for each

RNA samples from either human leiomyoma or

matched normal myometrium. Sixty-nine differen-

tially displayed cDNA bands with a visible intensity

were yielded. Of these bands, 35 were uniquely ex-

pressed or expressed at higher levels in normal

myometrium, while 34 in leiomyoma. To date,

twenty-four of these fragments have been used as

probes  in  Northern hybr id izat ion af ter

reamplification. Upon Northern analysis, four se-

lected bands were confirmed. Three of them showed

increased signal in leiomyoma, which were desig-
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nated as L1, L2 and L3 (Fig 1). One named M1,

showed increased signal in matched normal myo-

metrium (Fig 1).

Cloning of the positive cDNA fragment from the L1
DNA band

Fig 1.  Northern analysis of A)PCR product (seperately containing L1, L2, L3 and M1 fragments) recovered

from DD bands; B) 18S; C) L1 clone. Lane T correspond to total RNA from leiomyomas;lane N represent

that from matched myometrium. Lines of dashs represent 18S and 28S position on Blots.

Actually, the DNA band was composed of multiple

cDNA fragments with same size, which had been

co-amplified during RT-PCR. Nevertheless, only one

of them was the positive fragment, which can give

the same hybridization signal as shown in the North-

ern analysis in the Fig 1A. For selecting this very

Fig 2.  Sequence alignment between hRPS19 cDNA(full lenth) and L1. Primers used in DD-PCR are

underlined. Bases that are mismatched are surrounded by rectangles. Site recognized by banI is showed

by arrow(text double underlined).

B Li et al
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cDNA fragment, the PCR reamplified DNAs from

the L1 band were cloned into pBluescript T-vectors.

Forty-eight colonies were picked up, equal amount

of DNA from each colony was loaded onto duplicate

nylon membranes which were hybridized with two
32P-labeled cDNA probes reverse transcribed from

total RNAs derived from human leiomyoma or the

matched myometrium sample. The colony with

strong hybridization signal for the leiomyoma probe

was chosen as the real positive L1 clone (data not

shown). It was further confirmed by Northern analy-

sis again as shown in Fig 1C (the blot was used sev-

eral times by stripping, so some RNAs like that in

the right end line has been washed away significantly).

Sequence analysis of the cloned L1 cDNA fragment

Its plasmid DNA had an insert of 275 bp, including

both primer sequences (504, T11CA) used for

amplification. It also had a consensus polyadenylation

signal (AATAAA) located 20 bps upstream of poly A

tail. Homology searching in GenBank revealed that

it has 99% homology to the 3  of the hRPS19 (human

ribosomal protein S19) cDNA sequence (Fig 2). We

rechecked the L1 sequence in oC) during PCR ac-

counts for the three mismatches in primers. To as-

sure whether L1 ishRPS19, we found a Ban I site on

Fig 3. Northern analysis of A) L1; B)3 -fragment of hRPS19; C) 5 -fragment of hRPS19 using the same

Blot.

Fig 4. Expression of L1 in human normal and tumor tissues.
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hRPS19 as shown in Fig 2 and Fig 3 which divides

hRPS19 into two parts: 5'-fragment (without any

overlapping to L1) and 3'-fragment which homolo-

gized with L1. Three fragments as shown in Fig 3

(A as L1; B as 3 -fragment of hRPS19; C as 5 -

fragment of hRPS19) were used as probe to hybrid-

ize with the same RNA blot. They give the signals

with the identical position and pattern (Fig 3), which

proved that L1 and hRPS19 represented the same

mRNA.

Expression in different tissues and tumors

The tissue distribution (13 tissue samples) of the

mRNA was surveyed by Northern hybridization us-

ing L1 fragment as probe. The results showed that it

was presented ubiquitously but obviously high in fe-

tal liver, prostate, thyroid and lung. Interestingly, L1

was also in corpus luteum (early phase and late phase)

with a high expression level. Notably, the size of its

mRNA in parotid and thyroid was higher than that in

other tissues. And we are not very sure if there were

two mRNAs presented in uterus and pancreas or not.

Investigating its relationship with human tumors

showed that L1 was overexpressed in uterine

leiomyoma, parotidean cystadenocarcinoma, pancre-

atic cancer and breast cancer (Fig 4).

DISCUSSION

In 1992, a method claiming simplicity, speed and

dramatic improvement for the identification of dif-

ferentially expressed genes was reported, the so-

called ifferential display method[15]. The clear

and attractive advantages of differential display are

twofold. Firstly, a very small amount of total RNA is

needed as the starting material. This is highly desir-

able in studies of rare samples. The second advan-

tage is that multiple samples can be compared side-

by-side by visualization and that both up-regulation

and down- regulation of gene expression can be

detected. The clonal origin of uterine leiomyoma

made it an ideal tissue sample in using this technique.

However, The high frequency of false positives has

been mentioned by almost all labs and has largely

limited its utilization. In our case, four real bands

out of twenty-four indicated it a laborious work. We

used DNase I digestion of mRNA prior to RT-PCR

and doing duplicate sample in DD to effectively

lower the ratio of false positive, and reverse North-

ern technique notably accelerated the identification

of the real differentially expressed genes. All these

steps were proved to be successful complimentary

steps involved in this analysis. Nevertheless, except

for its suspected ability in identifying rare or low

abundant mRNA species, another difficult problem

we still have not solved yet is how to effectively clone

the right cDNA fragment from the real differential

displayed band which contains multiple cDNA frag-

ments with same size derived from different mRNAs.

The mammalian ribosome is a massive structure

composed of four RNA species (28s, 18s, 5.8s and

5s-rRNAs) and ~ 80 different ribosome proteins.

Normally, ribosome proteins are synthesized

stoichiometrically, in coordination with rRNA, to

provide equimolar supply of ribosomal component

[20]. The 75 human ribosomal protein genes have

been mapped in 1998[21]. However, their specific

functions are not known individually. Human S19

ribosomal protein cDNA was cloned in 1992[22]

which has 94% nucleotide sequence similarity with

the rat RPS19 cloned in 1990[23]. In the deduced

amino acid sequence, only one arginine in the rat

sequence was changed to methionine in the human

sequence. The authors observed higher levels of

mRNA of the RPS19 in colon tumor tissue from 6 of

7 matched tissue samples examined. Besides, its ex-

pression appeared to be independent of the growth

state of the HT29 cancer cell line and cancer cell

differentiation, but were correlated with tumor

progression. Shim C et. al[24] using cDNA expres-

sion array technology produced an expression pro-

file of genes (588) that are associated with human

cervical cancer. And they found that RPS19 had no

change in the human cervical cancer. The RPS19

homology in the soft-shell clam has also been cloned

in 1997[25]. The authors reported that its expres-

sion was increased to a high level throughout the

gametogenesis in ovary and testis as well but de-

clined during spawning. In this paper, we report an

up-regulated mRNAs in the human uterine lei-

omyoma found by differential display of mRNA

analysis named L1. Its cDNA sequence was the same

as that of the human S19 ribosomal protein. Besides,

L1 mRNA was also overexpressed in all of the other

human tumor tissues examined such as the parotidean

cystadenocarcinoma, pancreatic cancer and breast

B Li et al
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cancer. It implied that hRPS19 might be involved in

development of multi tumors.

HRPS19 is mapped to chromosome 19[26], which

is known to have a high gene density, contains an

unusually large number (equal to 12) of ribosomal

protein genes. Each mammalian ribosomal protein

typically is encoded by a single gene. However, in

the case of most ribosomal proteins if not all, the

single, functional gene has generated a large num-

ber of silent, processed pseudogenes at sites dis-

persed throughout the genome. One possible mecha-

nism for the overexpression of hRPS19 in tumor

might be the activation of these pseudogenes. Dur-

ing evolution, proteins of diverse function were re-

cruited to the ribosome to stabilize rRNA or other-

wise enhance translation, and that, in some cases,

these recruited proteins have also retained their

ancestral functions. Recently a group has reported

that RPS19 will express monocyte chemotactic ac-

tivity when they are intermolecularly crosslinked by

a transglutaminase-catalyzed reaction[27]. And ex-

periments in vitro indicate RPS19 dimer is the ma-

jor chemotactic factor in the initial monocyte/mac-

rophage infiltration to apoptotic cells[28].

Overexpression or mutation of these genes may re-

sult in human disorder. Recently mutations of

hRPS19 have been detected in Diamond-Blackfan

anaemia[29], which implied that it might have some

relat ionship with the erythropois is  and

embryogenesis. But according to our work no muta-

tions had been found in uterine leiomyoma at mRNA

level. It did make sense, because (chromosome19 was

not the frequently malformed chromosome found in

human with leiomyoma.) the frequently malformed

chromosomes found in patients with leiomyoma were

Chromosome7, 12, 14 but not the chromosome 19.

Further study has to be done to clarify the reason

and the significance of increased expression of

hRPS19.
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