
Abstract. JNK interacting protein 1 (JIP-1) is a pivotal
scaffolding protein in the JNK signalling pathway. It is believed
to play a role in the mediation of mitogenic messages from the
plasma membrane to the cell interior. Recent evidence suggests
that the JIP-1 gene is co-regulated with the insulin like growth
factor II (IGF II) gene, thereby contributing to the growth-
promoting effects of this potent growth factor. In this study,
fourteen embryonic tumours were examined for the expression
of JIP-1 and IGF II. It was found that, irrespective of
histological type and expression level, the two genes showed a
high degree of co-variation in the sense that high IGF II
expression was followed by high expression of JIP-1. This
finding further supports the notion that JIP-1 and IGF II act in
concert to enhance cell proliferation.

Germ cell tumours, like other malignant neoplasms, are

characterised by unrestricted proliferation in vivo. Even

though there has been an unprecedented breakthrough in

the therapeutic management of these tumours, their cell

biology is still incompletely understood. Twenty years

ago, developmental tumours were often used as an

indirect means of studying mammalian embryogenesis.

We showed that, like in the early mammalian embryo, the

Insulin like Growth Factor II (IGF II) gene was

sometimes expressed at high levels in primary testicular

tumours of different histological phenotype (1). Since

then, a number of studies have confirmed a high degree

of IGF II expression in a variety of developmental

tumours (2, 3).

Mitogen Activated Protein Kinases (MAPKs) play a

central role in the intracellular mediation of signals for a

plethora of cellular events such as proliferation, growth,

differentiation, locomotion, survival and oncogenic

transformation. Polypeptide growth factors, hormones and

cytokines are capable of activating different intracellular

MAPK cascades. In addition, gamma irradiation, heat shock

and disturbed osmotic balance can elicit a cellular response

via the MAPK pathway (4, 5).

In the MAPK pathway interest has focussed on a set of

key proteins – the c-Jun amino terminal kinases (JNK).

These proteins have been shown to play a pivotal role in the

control of early embryonic development in Drosophila (6).

In mammals, JNK proteins play a more diverse role and are

nowadays believed to be involved in oncogenic

transformation (7-10).

JIP-1 (JNK Interacting Protein 1) was discovered on the

basis of its ability to interfere with JNK (11). Initially JIP-1

was described as a cytosolic peptide that binds to JNK to

prevent its localisation to the nucleus (11). Subsequently, JIP-

1 was found to bind several members of the JNK cascade,

suggesting that it acts as a scaffold for the JNK signalling

pathway (12). The mechanism of scaffolding and anchoring

adds another level of specificity to the intracellular signalling

system, since it co-ordinates the binding of specific proteins

and consequently elicits a specific response (13). Mutations in

the JIP-1 gene result in an inadequate regulation of the JNK

transduction and, consequently, give rise to various

pathological conditions including certain forms of cancer (11).

Since JIP-1 appears to play an important role in

intracellular signal transduction (14, 15), we studied

whether the expression of the JIP-1 gene is in any way

related to the growth phenotype of tumours that resemble

human embryonic tissue. It has been known for some time

that IGF II is the most ubiquitous growth factor in the

mammalian embryo (2) We have previously shown that IGF

II expression and JIP-1 expression are closely linked in the

foetal liver, thereby suggesting that JIP-1 acts as a

downstream mediator of growth factor action. Since a
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variety of embryonic tumours overexpress IGF II, which is

commonly believed to reflect their high proliferative rate, it

became of interest to examine whether this link is

maintained even when growth control is relaxed. The data

presented in this study suggest that, in most embryonic

tumours, the expression of the IGF II and JIP-1 genes is

correlated.

Materials and Methods

Primary material. Fourteen human testicular tumours were

surgically removed and used for this study. Parts of the tumour

were taken for histological classification by light microscopy after

staining in Haematoxylin/eosin and/or Giemsa.

RNA extraction and Northern blotting. Total RNA from surgically

removed tumours was extracted by a standard Trizol/Chloroform

extraction procedure In each case, the quality was checked by

running the samples on an ethidium bromide-containing minigel.

Moreover, in each case quantification was carried out by

spectrophotometry. From these total RNA samples, polyadenylated

RNA was purified using an Oligo dT cellulose-based purification

technique described by Hyldahl et al. (16) One Ìg of

polyadenylated RNA from each tumour (Table I) was run on a

denaturing agarose/formaldehyde gel (16). The electrophoresed

RNA was then transferred by blotting onto Hybond N+ filter

(Amersham Pharmacia Biotech, Sweden), cross-linked by UV light

and stored in a sealed plastic bag until further use. 

cDNA probes, radioactive labelling and hybridisation. For the analysis

of gene expression, two probes were used; a 500 bp mouse IGF II

coding sequence cDNA (from Dr A Shokrai, Uppsala, Sweden) and

a 2832 bp murine JIP-1 cDNA fragment (11). The cDNAs were

labelled with 32P-dCPT by using a Megaprime DNA labelling

system (Amersham Life Science). The filters were hybridised in a

prefabricated hybridisation buffer supplied by Amersham

Pharmacia Biotech, as described by the manufacturer’s instructions.

After hybridisation, the filters were washed to a stringency level of

0.1 x SSC, 55ÆC, air-dried and subjected to autoradiography. To

obtain a comparable value of the relative JIP-1 and IGF II

expression, each film was subjected to densitometry and the

integrated IGF II and JIP-1 values were divided by each other. All

values were normalised by multiplication with a constant so that the

wild-type relationship in a reference embryonic tissue was given the

relative value 1 (17, 18)

Statistics. The statistical difference between means was calculated

by Student’s t-test. The level of significance was set at p=0.05

Results 

Table I shows the histological examination of the fourteen

tumours used for this study. Four were identified as

seminoma, one as a Leydig cell tumour, one as a yolk sac

tumour, one as a teratoma (mature), six embryonal

carcinomas and one mixed seminoma/embryonal carcinoma.

From each of the tumours, poly A+ RNA was purified and

separated on a gel. The amount of poly A+ RNA loaded

onto the gel was quantified by spectrophotometry and

checked by running a series of dilutions on a minigel prior to

the experiment. To make a valid comparison of the
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Table I. Histological typing of the testicular tumours under study.

1. Seminoma

2. Teratoma

3. Seminoma/Embryonal Carcinoma

4. Embryonal Carcinoma  

5. Embryonal Carcinoma

6. Embryonal Carcinoma

7. Embryonal Carcinoma

8. Yolk Sac Tumour

9. Embryonal Carcinoma

10. Embryonal Carcinoma

11. Leydig Cell Tumour

12. Seminoma

13. Seminoma

14. Seminoma

Table II. The relative expression of the IGF II and JIP-1 genes (arbitrary
values).Finally the relationship between IGF II and JIP-1-expression was
calculated as a quota based on densitometric measurements of X-ray
films.

Tumour no. IGF II expr. JIP-1 expr IGF II/JIP-1

1. + (+) 0.8

2. ++ ++ 1.1

3. +++ (+) 9.4*

4. + + 1.0

5. ++ (+) 3.1*

6. + + 0.9

7. + ++ 0.7

8. + ++ 0.7

9. ++ ++ 1.0

10. ++++ ++++ 1.2

11. (+) (+) 1.3

12 + (+) 1.6

13. + + 1.1

14. (+) (+) 1.2

*= Statistically different. p<0.025 



expression pattern of the two genes in the different tumour

samples, each filter was first hybridised with IGF II cDNA,

and then stripped of bound probe and re-hybridised with JIP-1

cDNA. The Northern blots are shown in Figure 1A (IGF II)

and Figure 1B (JIP-1). It was found that the expression levels

of both genes differed considerably between the fourteen

tumours. However, visual examination suggested that there

might be a certain amount of co-variation between the

expression levels of the two genes. To obtain a more accurate

comparison, the intensity of the relevant bands was examined

after both hybridisations by densitometry and the integrated

absorption values divided by each other. All figures were

normalised by multiplication with a constant, so that the

relationship in a reference murine embryo (17) was given the

relative value 1 (18). It was found that in two tumours only

(one embryonal carcinoma and one mixed seminoma-

embryonal carcinoma) was the IGF II expression significantly

greater than the JIP-1 expression. In the remaining twelve

tumours, the relative values were all in the range 0.8-1.3,

which indicates a closely controlled relationship between the

transcriptional patterns of the two genes.

Discussion

Any attempt to understand the mechanisms that control

receptor and cell specificity of MAP kinases will probably

help to elucidate the principles of intracellular transduction

of growh stimulatory messages. The MAPK pathway anchors

individual phosphorylating enzymes to a protein scaffold,

which controls the timing and sequence of events and, hence,

adds to the specificity of the pathway. The JIP-1 protein,

which is a pivotal scaffold protein, was originally isolated by

means of its ability to bind JNK proteins (11). Quite

unexpectedly, the expression of JIP-1 differed between

different tissues in the adult mouse (11), which suggests that

the JIP-1 protein plays some important growth regulatory

role rather than being a pure housekeeping factor. This was

partly followed up by the demonstration of the presence of

JIP-1 transcripts in two cell embryos and blastocysts (19).

We recently showed that the tissue-related differences

observed in adult mice are less augmented in the mouse

embryo. Even though there were quantitative differences in

JIP-1 expression, each examined organ showed at least a

minimum transcriptional activity (18). We also examined

whether these observations reflect differences in growth

signalling. Since growth regulatory messages are often

mediated by polypeptide growth factors, we examined

whether the JIP-1 gene expression is in any way related to

the activation of a key growth factor. For this type of

analysis, IGF II was chosen because of its high rate of

transcription in the normal mouse embryo where the JIP-1

gene is also expressed (18). 

Since human foetal tissues are limited in supply, human

embryonic tumour samples have occasionally been used as a

means of indirect analysis of embryonic processes (20). IGF

II expression in human testicular tumours has previously

been under study and was found to vary according to

histological type (1) This is in contrast to carcinoma in situ
of the testes where IGF II could not be detected (21). Some

tumours then displayed a clear over-expression of IGF II.

Others, in contrast, produced an unusually low level of IGF

II transcripts. Differences in IGF II expression can,

however, partly be explained in terms of parental imprinting

(22, 23) of the IGF II gene. The reciprocal imprinting of the

IGF II and one of its receptor genes has, for example, been

used to explain crucial evolutionary equilibria (24).

However, parental imprinting of the IGF II gene is not

completely stringent even in the human embryo, since in

some tissues (as e.g. the leptomeninges) transcription

progresses in an bi-allelic fashion (25-27).

We found that the expression of IGF II varied

considerably between different tumours, thereby confirming

earlier reports (1, 3). We can also confirm previous

observations that there is a co-variation between IGF II and

JIP-1 expression. This study showed that twelve out of

fourteen surgically removed testicular tumours display a 
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Figure 1. The expression of IGF II (upper panel) and JIP-1 (lower panel) in fourteen testicular tumours (1-14 as classified in Table I).
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co-variation in expression levels of the two genes. This

suggests that the expression levels of IGF II and JIP-1 can

also be linked under relaxed growth control conditions. It,

however, remains to be shown how other members of the

MAPK cascade are affected by interference with the

embryonic IGF II expression. This work is currently in

progress.
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