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Interleukin 1 and tumour necrosis factor increase phosphorylation of the
small heat shock protein

Effects in fibroblasts, Hep G2 and U937 cells
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Interleukin la and tumour necrosis factor-o stimulated phosphorylation of three 27 kDa phosphoproteins in MRC-5 fibroblasts which was sustained

for up to 2 h after adding the cytokines All three phosphoproteins were immunoprecipitated by a specific antiserum to the small mammahan heat

shock protein, hsp 27 The three phosphoprotems from stimulated or control cells contamned phosphoserine but not phosphothreonine or phospho-

tyrosine Similar increases in phosphorylation of immunoprecipitable 27 kDa proteins were seen i U937 cells stimulated by TNF« and Hep G2
cells stimuiated by IL1a

Heat shock protein 27, Interleukin 1, Tumour necrosis factor, Protein phosphorylation

1. INTRODUCTION

Interleukin 1 (IL1) and tumour necrosis factor (TNF)
are major pro-inflammatory cytokines with similar
biological activities. They cause fever, endothelial cell
activation, leucocyte accumulation, tissue resorption
and the acute phase response [1,2]. To investigate their
signalling mechamism, we set out to identify early
changes in protein phosphorylation in stimulated celis.
We found that they induced phosphorylation of a triad
of cytosolic 27 kDa proteins in dermal fibroblasts [3].
By use of a specific antiserum we show here that these
are phosphorylated forms of the small mammalian heat
shock protein, hsp 27.

Hsp 27 (or 28) is an ubiquitous protein whose syn-
thesis is induced by heat shock. It is homologous with
lens a-crystallin and may protect cells from thermal
killing [4-7]. On the basis of immunological cross reac-
tivity, a minor portion of hsp 27 was shown to exist in
phosphorylated forms markedly more acidic than the
unmodified protein [S]. Since human hsp 27 expressed
in transfected rodent cells is converted to the three ex-
pected phosphorylated derivatives [7], the native hsp 27
forms are probably post-translational modifications of
the same protein.
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2. MATERIALS AND METHODS

21 Cell cultures

Cells were cultured i Dulbecco’s modified medium (DMEM) con-
taming 10% foetal calf serum (FCS) and maintamed at 37°C n a
humidified atmosphere of air enriched with 5% CO, MRCS
fibroblasts were from Flow Laboratonies, U937 cells from the
American Tissue Culture Collection, and Hep G2 cells from Dr J
Gauldie, McMaster Umiversity, Canada.

2 2. Reagents

Human recombinant ILla (~2 x 107 LAF units/mg) and TNFo
{107 U/mg) were punified from extracts of Escherichia colt expressing
the protems [?P}Orthophosphoric acid (8500-9120 Ci/mmol) was
from Dupont/NEN. L-[4,5-*H]leucine (120—190 C1/mol) was from
Amersham plc, England The rabbit antiserum to hsp 27 was raised
aganst protein purified to homogeneity from Hel.a cells and has
been characterized elsewhere [5]. Protein A-agarose was from Sigma
Ampholines were from Pharmacia/LKB

2 3 Radiolabelling and stimulation of cells

The radiolabelling buffer was phosphate-free DMEM contamning
20 mM Hepes, 10% FCS (dialysed agamnst ¢ 9% NaCl) and adjusted
to pH 74 Cells were labelled (8 h) m buffer contaiming [**Plor-
thophosphate (100 xCi/ml unless stated) then stimulated and
prepared for electrophoresis as described previously [3]

2 4. Immunoprecipitation

Labelled, stimulated cells were rapidly washed in phosphate-
buffered saline (PBS), scraped, centrifuged and then solubilised 1n
10 mM tnethanolamine pH 8 containing 0 5 M NaCl, 1 mM EGTA,
50 mM NaF, 100 xM Na orthovanadate, 0 1% SDS, 0.2% Na deox-
ycholate, 1% Triton X-100, 10 #g/ml leupeptin, 10 xg/ml pepstatin
A, 20 xg/ml aprotmin, 1 mM phenylmethylsulphony! fluoride. The
lysate was clarified by centrifugation, then mixed (10 mun, 4°C) with
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Fig.1. Autoradiographs of 2D electrophoresis of phosphoproteins of MRCS5 fibroblasts metabolically labelled with {*?P]orthophosphate. (A)
Control, (B) 20 ng/m] 1L1« for 10 min, (C) and (D), 20 ng/ml 1L 1« added for 30 and 120 min, respectively to cells in labelling buffer, (E) control
for (F) 100 ng/ml TNFa for 10 min. (A,B) Whole gels, 27 kDa proteins (arrowed). (C—F) Details showing 27 kDa proteins.

an equal volume of solubilising buffer containing protein A-agarose
beads (50% slurry v/v). After centrifuging, the supernatant was in-
cubated with antiserum (3 £1/500 ! lysate) for 3 h at 4°C. Protein A-
agarose was added and mixed for 1 h at 4°C. The immunosorbent
was centrifuged, then washed firstly 3 X in 10 mM triethanolamine
pH 8 containing 0.5 M NaCl, 1% Nonidet P40, 0.2% Na deox-
ycholate and then secondly 2 X in 50 mM Tris-HC! pH 6.8. Finally
the absorbed proteins were solubilised in sample buffer for elec-
trophoresis.

2.5. Electrophoresis

Two-dimensional (2D) electrophoresis was carried out according to
O’Farrell [8] under conditions described previously [3]. One-
dimensional SDS-PAGE was carried out according to Laemmli [9].
Stained gels were dried and autoradiographed for 24—48 h with RX
film (Fuji) with an image intensifying screen. Marker proteins were
muscle phosphorylase (94 kDa), transferrin (78 kDa), albumin
(68 kDa), IgG (50 kDa), ovalbumin (44 kDa), carbonic anhydrase
(29 kDa) and soybean trypsin inhibitor (21 kDa).

2.6. Phosphoamino acid analysis

The selected areas of 2D gels were excised and eluted. Proteins
were precipitated by TCA with albumin as carrier and then partially
hydrolysed and analysed by 2D thin layer electrophoresis [10].
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3. RESULTS

Fig.1 shows the effect of IL1 on the phosphorylation
of proteins in MRCS fibroblasts that had been
metabolically labelled to equilibrium with [**P]or-
thophosphoric acid and then stimulated with the
cytokine for 10 min. As in human foreskin fibroblasts
{3}, there was a striking increase in the phosphorylation
of a triad of 27 kDa proteins. When cells were ex-
tracted after 30 (C) and 120 (D) min continuous
stimulation, the increased amounts of phosphorylated
27 kDa proteins were still seen. TNF (100 ng/ml) pro-
duced the same effect (E and F).

Because of similarities in size and charge, we
wondered whether the cytokine-induced phosphopro-
teins were the phosphorylated forms of the small mam-
malian heat shock protein, hsp 27 [4,5]. Fig.2 shows the
effect of heat shock on the incorporation of [*H]leucine
into proteins newly synthesised by MRCS5 fibroblasts.
There are several changes, including strong induction

Fig.2. Effect of heat shock on MRCS5 fibroblasts. Non-stressed cells (A) or cells subjected to heat shock for 90 min at 42.5°C (B) were labelled
with [*H]leucine (25 x£Ci/ml) for 3 h in leucine-free DMEM, then harvested and analysed by 2D electrophoresis. Arrowhead indicates hsp 27.
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Fig.3. Immunoprecipitation of hsp 27. {(A) Autoradiographs of 1D
SDS-PAGE of phosphoproteins of MRCS fibroblasts metabolicaily
labelled with [P*Plorthophosphate. Cell extract (lane 1); protein
precipitated by antiserum to hsp 27 (lane 2); supernatant of extract
after immunoprecipitation (lane 3). (B—D) Autoradiographs of 2D
electrophoretic analysis of fibroblast proteins precipitated by
antiserum to hsp 27. (B} Cells labelled with [**Plorthophosphate. (C)
Cells labelled as for (B), then stimulated by IL1 (20 ng/ml, 10 min).
(D) Cells labelled with PPHlleucine (100 #Ci/m! in leucine-free
DMEM, 10% FCS) for a total of 30 h and heat shocked 20 min,
44°C) 8 h before harvesting.

of synthesis of a protein of 27 kDa and pl ~6.5: the
small heat shock protein (arrowhead). We next used a
specific antibody to hsp 27 to immunoprecipitate cell
extracts of MRCS fibroblasts metabolically labelled
with [**Plorthophosphate and stimulated by IL1.
Fig.3A shows that the serum precipitated a single
27 kDa phosphoprotein (lane 2) from the extract (lane
1) removal of this component was complete (lane 3).
The band was not precipitated by a non-immune
serum.  Immunoprecipitates of  extracts of
ILi-stimulated and unstimulated cells labelled with

with **Plorthophosphate. Circles indicate the position of the standard phosphoamino acids. (A) Most acidic, (B) middle, (C)
phosphoprotein.
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Fig.4. Phosphoamino acid analysis of the three phosphorylated forms of hsp 27 from IL1-stimulated MRCS fibroblasts metabolically labelled
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Fig.5. Immunoprecipitation of phosphoproteins from U937 cells

(10%/m}) labelled as described but [*Plorthophosphate was

250 xCi/ml, (A) Control, (B) 100 ng/ml TNFa for 10 min, hsp 27
forms shown by arrowheads.

[**PJorthophosphate were subjected to 2D elec-
trophoresis and autoradiography: three phosphopro-
tein species were seen and their state of
phosphorylation was markedly increased in the
stimulated extract (fig.3B,C). A separate batch of cells
was heat-shocked and metabolically labelled with
{*Hlleucine, then lysed and immunoprecipitated with
the antiserum. Autoradiography after 2D elec-
trophoresis of the precipitate showed 2 major
[*Hjleucine-labelled protein of 27 kDa of higher p/
than the phosphoproteins (fig.3D): this is the un-
phosphorylated form of hsp 27 and corresponds to the
[*H]leucine-labelled heat shock protein identified in
whole cell extracts (fig.2). There is also a [*H}leucine-
labelled component corresponding to the most basic
phosphoprotein seen in the parallel gels (fig.3, lanes
1,2). These results showing that most of hsp 27 is un-
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Fig.6 Immunoprecpitation of phosphoprotems from Hep G2 cells.
{A) Control, (B) 20 ng/ml IL1e for 10 min. Cells radiolabelled as
described for fibroblasts

phosphorylated are in close agreement with those
reported by Arrigo and Welch [5].

The phosphorylated forms of hsp 27 contain
phosphoserine [5]. We carried out phosphoamino acid
analysis of the three phosphoproteins excised from a
2D gel. Fig.4 shows that the proteins from
IL1-stimulated cells contained phosphoserine, but not
phosphothreonine or phosphotyrosine. The proteins
from unstimulated cells also contained only
phosphoserine (data not shown).

Both IL1 and TNF act on a variety of cell types.
Recently TNF was reported to increase phosphoryla-
tion of a 27 kDa protein in the histiocytoid line U937
[11]. The antiserum precipitated the characteristic
27 kDa phosphoproteins from extracts of labelled
U937 cells, and their phosphorylation was strongly in-
creased in cells incubated with TNF (fig.5, there is some
degradation of the proteins; the most acidic one is
faintly seen in TNF-treated cells). IL1 stimulates
hepatocytes or hepatoma cells such as Hep G2 to make
acute phase proteins [12]. Hsp 27 was not abundant
enough in Hep G2 cells to be seen in cell extracts, but
was visible after immunoprecipitation and there was a
very large increase in its phosphorylation in cells
treated with IL1 (fig.6).

4. DISCUSSION

The experiments identify the 27 kDa proteins of
fibroblasts whose phosphorylation is increased by IL1
or TNF as identical with, or closely related to, hsp 27.
The results strongly suggest the cytokines increase ac-
tivity of a serine kinase in stimulated cells; alternative-
ly, but less likely, they may inactivate a specific
phosphatase. The occurrence of the same phosphoryla-
tion in histiocytic (U937} and hepatoma (Hep G2) cell
lines suggests that the cytokines may act on different
cell types via a similar signalling mechanism.
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While this work was in progress, Robaye and col-
leagues [13] reported that TNF induced phosphoryla-
tion of a 27 kDa arsenate-inducible stress shock protein
in vascular endothelial cells. This is likely to be the
same as the hsp 27 we have identified in fibroblasts and
U937.

Hsp 27 is the second protein identified whose
phosphorylation is strongly increased m IL1- or TNF-
stimulasted fibroblasts; the first was the receptor for
epidermal growth factor (EGFR) [14]. The two
phosphorylations show similarities. Both require
3—5 min of stimulation to become detectable {3,14] and
involve serine. The phosphorylation of EGFR was
thought to be due to a serine kinase distinct from pro-
tein kinase C [14]: it is possible that phosphorylation of
hsp 27 is due to the same enzyme. IL1 may also activate
a serine kinase in glucocorticoid-treated mononuclear
leucocytes which phosphorylates a 65 kDa cytosolic
protein [15].

The signal transduction mechanisms of these
cytokines are still unclear. IL1 has been reported to in-
crease diacylglycerol [16] and cAMP [17} which might
activate protein kinases A or C, respectively. While our
results, and those of others [3,11-16], now provide
strong evidence that both IL1 and TNF cause early
changes 1n protein phosphorylation, they do not im-
plicate any particular signalling system. The
phosphorylation of hsp 27 is induced by a range of
agents including serum, Ca ionophore, phorbol
myristate acetate [4], bradykinin and ATP [17], and it
is likely to be a substrate for a number of protein
kinases.

The significance of hsp 27 phosphorylation and its
role in the cellular response to the cytokines is
unknown. Perhaps the cytokines evoke some features
of the stress response or perhaps the protein is involved
in cellular signalling.
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