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Intracellular staining of Mx proteins in cells from peripheral blood, bone marrow and skin

Figure 2 Immunostaining of Mx proteins in bone marrow
aspirates. Bone marrow from a patient with CML prior to
(A) and during treatment with IFNa2b (5 million/m®) at
low (B) and high (C) magnification.

As anticipated, nearly all of the cells investi-
gated stained positively when pretreated with
IFNa either in vitro or in vivo. Erythrocytes
were always Mx negative. In contrast to the
results of Ronni ez al,”” we found that granulo-
cytes also expressed Mx proteins. This discrep-
ancy may be explained by the fact that Ronni ez
al examined MxA expression in granulocytes
treated in vitro by IFN, whereas we stained
these cells in blood smears from untreated and
treated patients. Prior to treatment with IFN,
weakly positive granules containing alkaline
phosphatase positive granulocytes were ob-
served. However, after a subcutaneous injec-
tion of IFNa, granulocytes became intensively
positive for Mx.

The fact that in the presence of type I IFNs
granulocytes, monocytes and lymphocytes ex-
press Mx is of major importance for measuring
Mx proteins in whole blood. In order to relate
the concentration of Mx proteins in whole
blood to the number of Mx positive cells within
a single blood sample, it is necessary to know
which cell types and how many leucocytes are
Mx positive. As Towbin et al*° reported for
MxA, more than 90% of the circulating
lymphocytes and monocytes are Mx positive in
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Figure 3 Immunostaining of Mx proteins in skin biopsy
specimens from a patient with malignant melanoma prior
to (A) and during trearment with IFNa2b (3 x 6 million
1Ulweek) at low (B) and high (C) magnification.

patients with endogenous IFN production and
in those undergoing treatment with IFN. In
addition, almost all granulocytes are Mx
positive. Therefore, the concentration of Mx
protein in whole blood should be calculated as
unit Mx proteins per 1000 leucocytes.

Cells other than leucocytes also respond to
type I IFN.” Staining of skin and bone marrow
cells showed that nearly every cell in these
organs has the capacity to produce either MxA
or MxB, or both, after stimulation with IFN.
Even very immature cells, such as blasts or
promyeloblasts, synthesise Mx protein after the
appropriate stimulus. Unstimulated, normal
bone marrow cells do not express Mx protein.
Therefore, appreciable amounts of biologically
active type I IFNs are not present in normal
bone marrow.

In skin biopsy specimens, only endothelial
cells stained positively at low antibody concen-
trations (0.5 pg/ml). During treatment with
IFNao, keratinocytes, fibroblasts, smooth mus-
cle cells, endothelial cells and cell in sweat
glands express large amounts of Mx protein.
Fih et al stained skin biopsy specimens with an
Mx1 specific antibody and observed a similar



14

staining pattern.”? Apparently, endothelial cells
are the only cells which synthesise measurable
amounts of Mx protein in normal tissue which
suggests that these cells may produce low levels
of type I IFNs. Tovey et al detected specific
IFN mRNA in tissue samples (liver, spleen) of
accident victims,” possibly indicating continu-
ous production of IFN in some tissues. Further
studies are needed to clarify whether spontane-
ous IFN production occurs in endothelial cells
of healthy subjects or whether MxA is synthe-
sised independently of an IFN stimulus. In
autoimmune diseases, it would be interesting
to determine whether endothelial cells are
responsible for the high endogenous IFN con-
centrations found in these patients.

The 2-95 and 5-143 monoclonal antibodies
can now be used to study production of IFN in
vivo. IFN is produced in a few viral diseases,
such as measles,** HIV,” haemorrhagic fever,*
and herpes zoster virus infection.” Recently,
measurements of MxA in peripheral blood
demonstrated strong endogenous production
of IFN in acute hepatitis A, but not in acute
hepatitis B or C.'” Using the 2-95 monoclonal
antibody, it should now be possible to identify
and localise endogenous IFN production in
many viral and non-viral diseases, not only in
the peripheral blood, but also in the visceral
organs.

We thank Ms G Begemann for her excellent technical
assistance, and Ms H Griffel and Ms S Stenzel for producing the
monoclonal antibodies and performing the Mx ELISA.
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