
This might seem odd given the known 
pro-inflammatory effects of MIF. And 
MIF’s growth-inhibitory effects, through
enhanced p27Kip1 expression, also contrast
with its cell-growth-promoting and cell-
death-suppressing actions in other cell 
systems11,12. However, one feature of MIF is
its bell-shaped dose–response curve with
respect to several biological phenomena,
such as its inhibition of macrophage migra-
tion. This means that high MIF concentra-
tions may actually inhibit several biological
processes.

Kleemann et al.1 propose that cells take
up MIF by endocytosis — a process by which
a cell’s outer membrane engulfs extracellu-
lar substances (often in a nonspecific way)
and imports them into the cell in membrane-
bound vesicles. MIF could then meet up
with Jab1 in the cytoplasm (Fig. 1). But how
does MIF — or its active domain — move
out of the vesicle? That problem aside, this
model seems plausible, and would require
high extracellular concentrations of MIF.
However, extracellular MIF levels range
from about 4 ng ml11 in normal blood 
plasma to 150 ng ml11 in patients with septic
shock15. How can this model explain the
established pro-inflammatory and growth-
promoting effects of MIF at the lower end of
this range? At these concentrations, one
would expect MIF to need to interact —
with high affinity — with a specific receptor
on the cell surface that would then send sig-
nals into the cell.

It seems likely that MIF does indeed reg-
ulate the activity of Jab1; Jab1 may even
have a direct role in regulating MIF expres-
sion. But it may be premature to conclude
that these results represent a breakthrough
in our understanding of how MIF works.
Nonetheless, the ultimate value of a model
lies in its usefulness for predicting normal
physiology and disease. The unusual mech-
anisms of uptake and activity now proposed
for MIF by Kleeman and colleagues1 cer-
tainly make for several intriguing predic-
tions. They are likely to ensure that MIF
retains its reputation as a most interesting
factor. n
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Figure 1 Pathways by which MIF (macrophage migration inhibitory factor) may regulate
inflammation and the proliferation of target cells. a, Kleemann et al.1 suggest that MIF can be taken
up into target cells by endocytosis. This probably occurs when MIF is present at high extracellular
concentrations. Once in the cytoplasm, MIF interacts with Jab1, inhibiting it. In the absence of MIF,
Jab1 activates a transcription factor, AP-1, that activates pro-inflammatory genes; Jab1 also leads to
the degradation of a cell-cycle inhibitor, p27Kip1. In the presence of MIF, however, Jab1 cannot exert
these effects, leading to negative effects on inflammation and cell growth. b, At low concentrations,
MIF may bind to a specific receptor, leading directly to intracellular signals that have a positive effect
on inflammation and cell growth. 
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100 YEARS AGO
At the request of the Austrian Ministry of
Agriculture, various experiments have been
made by Drs Pernter and Trabert with the
view of testing the use of Mr Stiger’s
apparatus for dispersing hail-clouds by
gun-firing. The apparatus consists of a
mortar with a long funnel fixed to the
orifice ; upon firing a sufficient charge of
powder, rings or whirls are formed in the
air and can be followed either by their
hissing sound or by the particles of smoke
carried up with them. The force and
durability of the whirls vary with the
charge, and with the size of the funnel, but
it does not appear from the experiments
that a greater altitude than about 400
metres was reached, which is much less
than had been previously stated. It does not
seem probable, therefore, that unless the
hail-clouds are very low that any practical
result is likely to be attained. The most that
can be said in favour of the process is that
while in some cases the formation of hail
may have been prevented by the
disturbance of equilibrium, hail frequently
falls, in spite of frequent firing.
From Nature 8 November 1900.

50 YEARS AGO
The Nobel Prize for Medicine for 1950 has
been awarded jointly to Dr. Philip Showalter
Hench, of the Mayo Clinic, Rochester,
Minnesota, Prof. Edward Calvin Kendall, of
the Mayo Foundation, Rochester, and Prof.
Tadeus Reichstein, of the University of
Basel. The award can be regarded as a
recognition of the work which has been
done leading to the dramatic opening of a
new field of scientific medical research—
that of rheumatoid arthritis and related
diseases. Early in 1949, Hench, Kendall,
Slocumb and Polley (Proc. Staff Meet. Mayo
Clinic, 24, 181; 1949) reported on “the
effects of the hormone of the adrenal cortex
(…Compound E) and of pituitary
adrenocorticotropic hormone on rheumatoid
arthritis”. This was followed soon after by a
report of the effects of compound E on
rheumatic fever (Hench, Slocumb, Barnes,
Smith, Polley and Kendall, Proc. Staff Meet.
Mayo Clinic, 24, 277; 1949). Since then,
investigations have begun in centres of
research in all parts of the world on the
physiological action and the clinical
application of cortisone. This work is now
developing at an increasing rate, limited
only by the availability of cortisone.
From Nature 11 November 1950.
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