Journal of Cellular Biochemistry 56:559-567 (1994)

Regulation and Specificity of MNDA Expression
in Monocytes, Macrophages, and Leukemia/B
Lymphoma Cell Lines

R.C. Briggs, W.Y. Kao, L.L. Dworkin, J.A. Briggs, E.N. Dessypris, and ). Clark

Department of Pathology, Vanderbilt University, Nashville, Tennessee 37232 (R.C.B., W.Y.K,, L.L.D,,
J.A.B.); H.H. McGuire Medical Center and Medical College of Virginia, Richmond, Virginia 23249
(E.N.D.); Department of Medicine, Division of Oncology/Hematology, Brown University Medical School,
Providence, Rhode Island 02908 ().C.)

Abstract The expression of the human myeloid cell nuclear differentiation antigen (MNDA) was observed
specifically in cells of the granulocyte~macrophage lineage in our earlier reports. The specificity of MNDA expression
for cells in the granulocyte—-macrophage lineage was reexamined in cell lines established from patients with Philadel-
phia chromosome-positive chronic myeloid ieukemia. Cell lines that expressed MNDA exhibited myeloid cell features
and granulocyte or monocyte differentiation could be induced in vitro, while cell lines exhibiting properties of very early
stage cells or multipotential cells did not express MNDA. Cells originating from cases of Burkitt’s lymphoma were
negative. By contrast, three lymphoblastoid cell lines (immortalized in vitro with Epstein-Barr virus) were weakly
positive and MNDA was up-regulated by interferon-« (IFN-a) treatment. As we reported previously, MNDA mRNA level
in adherent monocytes is elevated by IFN-o; in this study, we further assessed MNDA expression in in vitro
monocyte-derived macrophages. Three additional agents (endotoxin, phytohemaggiutinin, and phorbol ester) and other
conditions that affect function, cytokine production, differentiation, and/or growth of monocytes were examined for
their ability to alter MNDA expression. The results varied with the agent, cell type, and stage of differentiation. Changes
in MNDA expression occurred slowly (hours to days), suggesting that MNDA could mediate changes realized over a
long period. The results also reveal a discordance in certain MNDA positive cells between steady-state levels or changes
in levels of protein and mRNA indicating that the regulation of MNDA expression occurs at more than one point.
Changes in MNDA expression are consistent with a role in opposing macrophage differentiation and activation of
monocytes/macrophages. © 1994 Wiley-Liss, Inc.

Key words: human, myeloid, nuclear, differentiation, chronic myeloid leukemia, Burkitt’s lymphoma, Epstein-Barr
virus, interferon-a, PHA, phorbol ester

The human myeloid cell nuclear differentia-
tion antigen (MNDA) was discovered in this
laboratory and is a human granulocyte—mono-
cyte/macrophage (GM) specific nuclear protein
detected initially in the late myeloblast and
monoblast stages of differentiation. We subse-
quently showed that the expression of MNDA in
acute leukemia followed a lineage-specific pat-
tern of expression [Cousar and Briggs, 1990].
Cases of acute myeloid leukemia were consis-
tently MNDA positive when myeloid cell differ-
entiation was evident, while cases of lympho-
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cytic leukemia were negative [Cousar and Briggs,
1990]. The T-cell lymphoma, Molt 4, and Bur-
kitt’s lymphoma (BL), Raji, lines were also nega-
tive [Goldberger et al., 1986]. Human leukemia
cell lines exhibiting characteristics of immature
GM cells (KG-1a) or exhibiting properties of
cells in lineages other than granulocytes and
macrophages (K562) were also negative [Gold-
berger et al., 1986]. MNDA expression contin-
ues through production of peripheral blood
granulocytes and monocytes [Briggs et al,
1994al.

We recently mapped the MNDA gene to chro-
mosome 1q21-22 within a large linkage group
conserved between mouse and human [Briggs et
al., 1994b]. A cluster of interferon-inducible
genes is located in this region and each gene



560 Briggs et al.

contains one or two copies of a conserved 200
amino acid (aa) region [Briggs et al., 1994b}. A
single copy of this 200-aa region appears in the
MNDA. One of the related mouse genes contains
a single copy of the conserved 200-aa region and
exhibits macrophage-restricted interferon-in-
duced expression {Tannenbaum et al., 1993]. A
second human gene that contains two copies of
the 200-aa conserved region shows constitutive
expression in lymphoid cells and can be induced
in myeloid cells by interferons [Trapani et al.,
1992]. The results indicate that some members
of a cluster of genes containing a conserved
200-aa region(s) are expressed and regulated
specifically in blood cells.

Although the related human and mouse 200
cluster genes share the large 200-aa conserved
region, and in all the genes, expression is af-
fected by interferons, each gene has unique prop-
erties with regard to pattern of expression and
regulation. The present results confirm the speci-
ficity of MNDA expression in cells exhibiting
characteristics of differentiating granulocytes
and monocytes. However, Epstein-Barr virus
(EBV) immortalization of human B lympho-
cytes, lymphoblastoid cell lines (LCL), exhibit
constitutive MNDA expression as well as the
ability to up-regulate MNDA expression in re-
sponse to interferon-o (IFN-a). While MNDA
expression continues in adherent monocytes
maintained in culture, the level of expression
progressively decreases but can be up-regulated
by IFN-a and dramatically down-regulated by
phorbol ester 12-O-tetradecanolyphorbol-13-
acetate (TPA) and phytohemagglutinin (PHA).
Endotoxin (LPS) treatment had no effect on
MNDA expression. The time course over which
changes are observed in MNDA expression sug-
gests that MNDA does not mediate signal trans-
duction into the nucleus and is most likely not
directly affected through activation of a number
of signal transduction pathways. The results are
consistent with the possibility that MNDA op-
poses the activation of monocyte function and
differentiation into macrophages.

MATERIALS AND METHODS
Cells and Reagents

The Philadelphia chromosome (Phl)-positive
leukemia cell lines (K562 [Lozzio et al., 1981],
BV173 [Pegoraro et al., 1983], RWLeu 4 [Lasky
et al,, 1990], and EM2 [Keating et al., 1983]),
myeloid cell lines (HL-60 and U937 [Briggs et
al., 1994a)), LCLs (Pala and ML [Miller et al.,

1993]), and BL cell line (Ramos) were grown in
RPMI-1640 medium with 10% or 15% (v/v) heat-
inactivated bovine calf serum in 5% CQO, atmo-
sphere at 37°C. The LCLs Pala and ML were
obtained from Dr. Geraldine Miller (Vanderbilt
University, Nashville, TN), and the Ramos cells
were obtained from the American Type Culture
Collection (Rockville, MD)).

The isolation and maintenance of adherent
monocytes from normal donor blood have been
described previously [Briggs et al., 1994a). In
experiments involving the detection of MNDA
by immunoblotting, the adherent monocytes
were maintained in 100 X 20-mm tissue culture
dishes. Cells harvested from one dish provided
sufficient material for immunoblot detection.
Experiments involving the detection of MNDA
mRNA required that the adherent monocytes be
maintained in 225-cm? tissue culture flasks
(Costar, Cambridge, MA). Total RNA harvested
from cells maintained in two flasks provided
sufficient RNA for Northern blot analysis.

Phytohemagglutinin (PHA) (M form) (Gibco,
Grand Island, NY) was used at a concentration
of 1 ml/dl for the times specified. Lipopolysaccha-
ride (LPS) (Sigma Chemical Co., St. Louis, MO)
was used at 1 pg/ml. The phorbol 12-myristate
13-acetate, TPA (Sigma), was used in cell lines
at the concentrations specified. Double-stranded
RNA, poly (I) - poly (C) (Pharmacia Biotech Inc.,
Piscataway, NJ) was used at 30 pug/ml. The
recombinant IFN-«A (Hoffmann-LaRoche, Nut-
ley, NJ) and immunoaffinity-purified natural
human IFN-a (Interferon Sciences, New Bruns-
wick, NdJ) were used at 2,000 U/ml. 1,25-Dihy-
droxyvitamin D3 (Hoffmann-LaRoche) was used
at5 x 108 M.

Conditioned medium was prepared from cul-
tures of adherent monocytes treated with PHA
for 24 h. The culture medium was collected and
particulate material removed by centrifugation
(1,000g, 3 min). The supernatant was stored at
—20°C and used at 5% or 10% (v/v) in U937 cell
cultures.

Immunoblotting

The whole cell immunoblot assay [Goldberger
et al., 1986] involves the injection of suspended,
washed cells into lysis buffer maintained in a dry
bath (100°C) and incubation for an additional 3
min at 100°C. The DNA in the samples was
sheared by ultrasound [Goldberger et al., 1986]
before electrophoretic separation and transfer
to nitrocellulose membrane [Goldberger et al.,
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1986]. Cells in suspension culture were counted
before lysis and volumes of sample containing
1 x 105 cells were analyzed. The samples of Raji
and subclones, 11.5.8, 13.6.7, and LCL, X50-7
[Allday and Farrell, 1994; Allday et al., 1993],
were provided by Martin Allday, Ludwig Insti-
tute for Cancer Research (London, UK). The
experiments using adherent monocytes involved
introducing equal numbers of normal donor
mononuclear cells in 100 x 20-mm tissue cul-
ture dishes [Briggs et al., 1994b]. The adherent
monocytes were harvested by lysis of the cells on
the dishes, after washing in phosphate-buffered
saline (PBS), using lysis buffer [Goldberger et
al., 1986] heated in the dry bath (100°C). The
lysed cells were scraped from the dish and re-
turned to the dry bath (100°C) for 3 min. The
samples were then processed as described above
(suspended cells). Within each experiment, equal
numbers of cells were harvested at each time
point or condition as indicated. Since the adher-
ent monocytes could not be counted, paired
samples were also electrophoretically analyzed
and stained with Coomassie Brilliant Blue, in
order to assess variability in sample loading.

Northern Blotting

Total cellular RNA was isolated using RNAzol
(Biotex, Houston, TX) as recommended by the
supplier. The electrophoresis, blotting, probes,
and hybridization conditions were defined previ-
ously [Briggs et al.,, 1994a]. Each experiment
was repeated at least once.

RESULTS

A whole cell immunoblot analysis was used to
assess MNDA expression in Ph!-positive leuke-
mia cell lines (Fig. 1). MNDA was detected in the
two lines that exhibit properties of cells in the
G-M lineage (RWLeu4 and EM2) [Keating et al.,
1983; Lasky et al., 1990] at a level similar to that
in the positive control HL-60 cells (Fig. 1). The
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Fig. 1. Whole cell immunoblot analysis of the M, 55,000
MNDA in human leukemia cell lines. Untreated RWLeu4 cells
(lane 1), RWLeu4 cells exposed to 5 X 1078 M 1,25-dihydroxyvi-
tamin Dj; for 72 h (fane 2), or RWLeu4 cells exposed to 1 x 1078
M TPA for 24 h (lane 3). HL-60 cells untreated (fane 4) or
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lines that exhibit properties of multipotential
progenitor cells (K562) [Lozzio et al., 1981] or
represent undifferentiated blasts (BV173) [Pego-
raro et al., 1983] were MNDA negative (Fig. 1).
Both of the MNDA expressing Phl-positive cell
lines respond to the induction of granulocyte or
monocyte/macrophage differentiation (Keating
et al., 1983; Lasky et al., 1990) and the induction
of differentiation in these MNDA expressing
cells did not alter the level of immunochemically
detectable MNDA (Fig. 1, cf. lanes 2 and 3 with
lanes 1 and 11 with lane 10), as was reported
previously for other lines [Briggs et al., 1994a].

Although MNDA has only been detected in
normal and leukemic cells of the GM lineage,
human B lymphocytes immortalized in vitro
with EBV, LCLs, express MNDA (Fig. 2). Both
Pala (Fig. 2, lanes 2 and 3) and X50.7 are LCLs
(Fig. 2, lane 8) and exhibited constitutive levels
of MNDA somewhat less than that observed in
the positive control U937 cells (Fig. 2, lane 1).
The constitutive level of MNDA expression was
enhanced in the Pala cells following exposure of
the cells to IFN-a (Fig. 2, lane 3). A third LCL,
ML, showed the same level of constitutive MNDA
expression and elevation of antigen following
IFN-a treatment (data not shown). By contrast,
cell lines established from cases of BL did not
express a constitutive level of MNDA either in
cells positive for EBV (Fig. 2, lane 7) or in those
which are EBV negative (Fig. 2, lanes 9 and 10).
In addition, MNDA expression could not be in-
duced in BL lines with IFN-a (Fig. 2, lane 10). In
the case of the EBV-positive Raji BL cells, a
large segment of the EBNA 6 coding sequence is
deleted and no EBNA 6 protein is detected in
these cells. The 11.5.8 clone of Raji cells ex-
presses EBNA 6 after co-transfection of an
EBNA 6 gene under the control of the SV40
early promoter with a selectable marker (Allday
et al., 1993) and MNDA expression was not
observed (Fig. 2, lane 5).

10 11

exposed to 1 x 1078 M TPA for 24 h (ane 5). K562 cells
untreated (fane 6) or treated with 1 X 1078 M TPA for 24 h (lane
7). BV173 cells untreated (fane 8) or treated with 1 x 1077 M
TPA for 24 h (lane 9). EM2 cells untreated (fane 10) or treated
with 3 X 1078 M TPA for 24 h (lane 717).
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Fig. 2. Whole cell immunoblotting analysis of the M, 55,000
MNDA in human feukemia cell lines. Untreated U937 positive
control cells (fane 7), LCL Pala cells untreated (lane 2) or treated

with recombinant interferon-a (IFN-a) for 8 h (lane 3), un-
treated negative control K562 cells (lane 4), an EBNA 3C/6-
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Fig. 3. Whole cell immunoblot analysis of MNDA and North-
ern blot analysis of MNDA mRNA levels in human lymphoid cell
lines. A: Immunoblot detection of the M; 55,000 MNDA in
positive control U937 cells (U), negative control K562 cells (K),
untreated LCL Pala cells (C) (lanes 3,5,7), and Pala cells treated
with interferon-a (IFN-o) for 3 h (lane 4), 6 h (lane 6), or 10 h
(lane 8). Paired cultures of untreated Pala cells (lanes 3,5,7)
were harvested at each time point simultaneously with the

The effect of interferon o« on the level of immu-
nochemically active MNDA in the LCL Pala cells
was examined over an extended time course. No
change was observed at 0.5, 1, or 2 h (data not
shown). After 3 h of exposure to IFN-q, the level
of MNDA was increased (Fig. 3A) and remained
elevated for 48 h (data not shown). The effective-
ness of IFN-a in elevating MNDA immunochemi-
cal activity in the LCL was specific in that LPS,
TPA, and poly (I) - poly (C) did not alter MNDA
(data not shown). IFN-«a treatment of the Pala
cell line up-regulated the steady-state level of
MNDA mRNA (Fig. 3B). Neither LPS nor TPA
treatment affected MNDA mRNA level in Pala
cells (data not shown). The BL cell line Ramos is
MNDA-negative and MNDA mRNA was not in-
duced by IFN-a (Fig. 3B). The association be-
tween constitutive MNDA expression and abil-
ity to up-regulate MNDA in response to IFN-q,
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positive clone, 11.5.8, of BL Raji (lane 5) and an EBNA 3C/6-
negative clone, 13.6.7, of Raji (lane 6), Raji cells (lane 7), LCL
X50.7 cells (fane 8), and the Epstein-Barr virus (EBV)-negative
BL Ramos cells untreated (lane 9) or treated with IFN-a for 8 h
(lane 10).
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treated cultures (lanes 4,6,8). B: MNDA mRNA levels (top) in
LCL Pala cells treated with recombinant IFN-a for 3 h (fane 2), 6
h (fane 4), or 10 h (lane 6). The level of MNDA mRNA in paired
untreated cultures of Pala cells (lanes 7,3,5). MNDA mRNA level
in the untreated Epstein-Barr virus (EBV)-negative BL Ramos
cells (lane 7) or Ramos cells treated for 8 h with recombinant
IFN-a (fane 8). Twenty p.g of total RNA was loaded in each lane.
The B-actin mRNA signals (bottorn).

as observed in the LCLs, is consistent with
previous results [Briggs et al., 1994b]. The re-
sults obtained with the L.CLs also suggest that
the level of the constitutive steady-state level of
MNDA mRNA is not important in determining
the cellular responsiveness to interferon «. As
observed in Figure 4A, the normal untreated
human monocyte exhibited a very low level of
MNDA mRNA (lanes 1-3) compared to the sig-
nal in the control U937 cell RNA (lane 9). How-
ever, monocytes maintained in culture for a day
up-regulate the steady-state level of MNDA
mRNA dramatically after 6 hours of interferon
a treatment (Fig. 4A, lanes 7 and 8). No concomi-
tant change in the MNDA antigen level was
observed (data not shown).

The ability of IFN-a to elevate the steady-
state level of MNDA mRNA was a unique effect
and the use of LPS, an activator of monocyte/



Regulation of MNDA Expression 563

LA LR

MNDA
mRNA —

288 —

18§ —

A

Fig. 4. Northern blot analysis of MNDA mRNA levels in nor-
mal human donor adherent monocytes. A: MNDA mRNA levels
(upper panel) in adherent monocytes maintained for 24 h
without treatment (lanes 1,2,3), exposed to lipopolysaccharide
(LPS) for the last 6 h of the 24-h culture period (fanes 4,5,6) or
treated with recombinant (fane 7) or natural (lane 8) inter-
feron-a (IFN-a) for the final 8 h of the 24-h culture period. Total
RNA from the positive control U937 cells (fane 9). Adherent
monocytes maintained for 72 h untreated (lane 10} or exposed
to phytohemagglutinin (PHA) over the 72-h period (fanes 77,12).
Twenty ug of total RNA was analyzed in each lane, except in the

macrophage function, was ineffective in altering
MNDA mRNA level in adherent monocytes (Fig.
4A, lanes 4-6). Both TPA and PHA (Liebler et
al., 1994), other effectors of monocyte/macro-
phage function, repressed MNDA mRNA levels
in adherent monocytes (Fig. 4A, cf. lanes 11 and
12 with 10, and Fig. 4B). Experiments designed
to reveal the effectiveness of TPA and PHA in
repressing the level of MNDA mRNA were facili-
tated by treating adherent monocytes main-
tained in culture for several days. Adherent
monocytes maintained for three or more days in
culture exhibit a higher constitutive level of
MNDA mRNA over that detected in freshly iso-
lated monocytes or after 1 day in culture (Fig.
4A, cf. lanes 1, 2, and 3 with lane 10). The drop
from a relatively high constitutive level of MNDA
mRNA in the adherent monocytes to an unde-
tectable level in response to TPA or PHA is
obvious in cells that have been maintained in
culture for over 3 days (Fig. 4A,B). The eleva-
tion in MNDA mRNA level detected in adherent
monocytes after days in culture was not accom-
panied by a change in immunochemically de-
tected MNDA (Fig. 5). The level of immuno-
chemically detected MNDA was remarkably
consistent in cultured monocytes but appeared
to drop after 6 days in culture (Fig. 5). In addi-
tion, adherent monocytes treated with TPA or
PHA showed no immediate decrease in immuno-
chemically detectable MNDA (Fig. 6).

While previous research showed that the level
of MNDA mRNA decreased in U937, HL-60 and
THP-1 cells treated with TPA [Briggs et al.,,
1994a], both LPS and PHA had no consistent

case of the positive control U937 RNA, where only 10 pg was
loaded due to the relatively high MNDA mRNA signal in the
U937 cells. The ethidium bromide staining of samples (bottom)
is provided to indicate the variability in sample loading and
quality of the RNA samples. B: MNDA mRNA levels (top) in
adherent monocytes maintained for 96 h untreated (lane 1) or
treated with 1.6 X 1075 M TPA (lane 2) over the last 24 h of the
96-h culture period. TPA was equally as effective in reducing
MNDA mRNA level in adherent monocytes treated with 2 x
1079 M (data not shown). Twenty pg of total RNA was analyzed
in each lane. The B-actin signals (bottom).
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Fig. 5. Whole cell immunoblot analysis of the M, 55,000
MNDA (top) in adherent monocytes from normal human donor
blood. Cells harvested from dishes after 1-12 days (D) in
culture. A duplicate set of samples were electrophoretically
separated and stained with Coomassie Brilliant Blue ( bottom),
in order to monitor variability in sample loading.

effect on U937 cell MNDA mRNA level and
immunochemical activity (data not shown). In
addition, the use of conditioned medium from
PHA-treated adherent monocytes had no effect
on MNDA mRNA level in U937 cells (Fig. 7).

DISCUSSION

The present study assesses MNDA expression
in a variety of blood cells not evaluated previ-
ously [Briggs et al., 1994a,b; Goldberger et al.,
1986]. In addition, the characterization of the
effects of agents and conditions that alter mono-
cyte/macrophage function, cytokine production,
growth and/or differentiation was completed in
order to identify the function of the MNDA. The
human cell lines EM-2 and RWLeu 4 are Ph!-
positive cell lines established from patients with
CML [Keating et al., 1983; Lasky et al., 1990].



564 Briggs et al.

MNDA ——»

C PHA C PHA C PHA

8h 24h 72h

Fig. 6. Whole cell immunoblot analysis of the M, 55,000
MNDA (top} in adherent monocytes from normal human donor
blood treated with phytohemagglutinin (PHA). The level of the
MNDA in adherent monocytes treated for 8 h, 24 h, and 72 h
with PHA was compared to the level of MNDA in cells in
untreated paired cultures (C) harvested at the same time points.
Paired samples were electrophoretically separated and stained
with Coomassie Brilliant Blue (bottom) in order to monitor
variability in sample loading.
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Fig. 7. Northern blot analysis of MNDA mRNA level (top) in
U937 cells treated with conditioned medium from phytohemag-
glutinin (PHA)-treated adherent monocytes. Untreated U937
cells (fane 1), U937 cells treated for 24 h with 10% PHA
conditioned medium (lane 2) or U937 cells treated with 5%
PHA conditioned medium for 24 h (fane 3). Twenty pg of total
RNA was analyzed in all lanes. The B-actin mRNA signals
(bottom).

Both lines are capable of granulocyte or mono-
cyte differentiation in response to the appropri-
ate inducing agents [Keating et al., 1983; Lasky
et al., 1990]. The expression of MNDA in these
lines is consistent with MNDA positivity in HL-
60, THP-1, and U937 cells that also differentiate
along the GM lineage. By contrast, the MNDA-
negative cell lines BV173 and K562 do not com-
plete G-M differentiation in response to induc-
ing agents. Although both are Phl-positive, the
BV173 has features of an undifferentiated blast
cell [Pegoraro et al., 1983], whereas the K562
cells are multipotential with features of progeni-
tor cells of a number of lineages [Lozzio et al.,
1981]. The pattern of expression of MNDA in
the human Ph!-positive lines is consistent with

the specificity for cells in the GM lineage that
differentiate in response to appropriate agents.
Burkitt’s lymphoma cells that are EBV-posi-
tive or -negative were nonreactive for MNDA,
which is consistent with the specificity of MNDA
expression for cells capable of GM differentia-
tion. However, B lymphocytes immortalized with
EBV in vitro, LCL, were consistently positive
for MNDA. The significance of the unexpected
MNDA expression in LCLs is unclear. However,
a number of differences in cellular physiology
between the LCL and the BL have been docu-
mented. The behavior of LCL and BL cells is
different following injection of each cell into
athymic mice where the BL cells grow and the
LCL do not [Tosato et al., 1994]. Differences in
the expression of EBV genes and host cell genes
between BL cells and LCL have also been docu-
mented [Allday et al., 1993; Joske and Knecht,
1993; Renzo et al., 1993]. In general, a greater
number of genes that have been examined and
originate from either genome are detected in
LCLs versus the BL lines, and the expression of
MNDA may be a consequence of the diversity of
gene expression in the LCLs. Significant differ-
ences have been reported in the induction of the
Iytic cycle in EBV-infected BL cells and LCLs
[Bogedain et al., 1994]. On the other hand,
“illegitimate transcription’ was used to account
for a low basal level of collagen gene expression
in LCL [Chan and Cole, 1991; Dharmavaram et
al., 1993] and to describe the phenomenon
whereby the expression of a highly tissue-
specific gene can be detected in a cell not known
to express the gene of interest [Chelly et al.,
1989; Sarkar and Sommer, 1989]. The proce-
dure for detecting these low abundance tran-
scripts involved PCR amplification and was
thought to detect the presence of a single tran-
seript in 500-1,000 cells. Clearly the detection
of MNDA expression in LCL using whole cell
immunoblot analysis or Northern blot analysis
of total RNA is not consistent with the MNDA
originating from a rare or low-abundance tran-
script. The possibility of a relationship between
MNDA expression in LCLs and the detection of
the phagocyte NADPH oxidase [Volpp and Lin,
1993] should be considered. In addition, the
LCL has a more blast-like phenotype than the
BL lines and MNDA expression could be related
to this stage of B cell differentiation. Although
the mechanism for altering MNDA expression
in the LCLs is unknown, the change also allows
the MNDA to be up-regulated specifically by
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IFN-o in the LCL, confirming the association
between constitutive MNDA expression and sen-
sitivity to IFN-a observed simultaneously at the
mRNA and protein levels.

The effectiveness of IFN-a in up-regulating
MNDA mRNA in human monocytes has been
reported previously [Briggs et al., 1994a,b]. The
specificity of the effects of IFN-a on MNDA
expression in monocytes was more thoroughly
examined through an analysis of the effects of
three agents that stimulate phagocytic cell activ-
ity, cytokine production, growth, and/or differ-
entiation. LPS treatment had no effect on the
steady-state level of MNDA mRNA. The mouse
D3 gene shares structural features with MNDA
in addition to the common 200-aa region [Briggs
et al., 1994b; Tannenbaum et al., 1993], but D3
is inducible in mouse macrophages by LPS as
well as IFN-a or IFN-y [Tannenbaum et al.,
1993]. At the level of mRNA, both D3 and MNDA
genes are up-regulated in a monocyte/macro-
phage lineage-specific manner, but the differ-
ence in response to activating agents indicates
that the two gene products have different func-
tions.

Treatment of adherent monocytes with PHA,
an agent that induces cytokine gene expression
in these cells [Liebler et al., 1994], led to a
dramatic decrease in MNDA mRNA level (Fig.
4). Unfortunately, the effects of PHA on the
expression of other genes that contain the con-
served 200-aa region has not been reported.
Monocytes treated with PHA and/or LPS differ-
entially alter the expression of the chemotactic
genes [L-8 and MCP-1, which provided the basis
for concluding that each agent acts through
different signaling pathways [Liebler et al.,
1994]. The differential effects of these two agents
on MNDA mRNA level is consistent with those
findings. The ability of PHA to decrease MNDA
mRNA level in adherent monocytes was not
reproduced in U937 cells. Since monocytes iso-
lated from blood by adherence will contain a few
contaminating cells it was important to consider
the possibility that cytokines produced by the
contaminating cells in the monocyte cultures
were directly responsible for the drop in MNDA
mRNA. Conditioned medium was harvested from
PHA treated adherent monocytes and added to
U937 cell cultures and no effect was observed on
MNDA mRNA level (Fig. 7). Conditioned me-
dium from PHA treated lymphocytes contains a
factor(s) that inhibited U937 cell proliferation
and induced differentiation [Clement et al.,

1988]. If these factors were also present in the
conditioned medium due to lymphocyte contami-
nation, they did not alter MNDA expression.
The ability of PHA to decrease MNDA mRNA in
adherent monocytes, but not in U937 cells, is
apparently related to inherent differences in the
promonocytic U937 cell and the in vitro differen-
tiating monocyte derived macrophage.

The dramatic effect of TPA on MNDA mRNA
level in adherent monocytes is similar to the
effect of TPA on MNDA expression in human
myeloid cell lines [Briggs et al., 1994a]. TPA is
used at the micromolar level to initiate an imme-
diate respiratory burst in phagocytic cells that
have acquired this capability and, when used at
nanomolar concentrations, TPA initiates differ-
entiation in myeloid cell lines. In addition, TPA
at the nanomolar concentration promotes the
viability and recovery of long-term cultures of
human monocyte derived macrophages [Mar-
kovich et al., 1994]. This treatment of adherent
monocytes also facilitates the ability of the cells
to secrete TNFa (Markovich et al., 1994). The
effectiveness of TPA to eliminate the MNDA
mRNA signal in monocytes was observed follow-
ing treatment at the micromolar or nanomolar
levels (Fig. 4B). While the relationship between
the loss of detectable MNDA mRNA and the
effects of TPA on the monocytic cells is unclear,
it appears that the effectiveness of nanomolar
concentrations of TPA to affect viability/differ-
entiation may be more relevant since the changes
in MNDA mRNA observed in the cell lines oc-
curs when these cells are not capable of produc-
ing a respiratory burst.

While the LCLs express MNDA and up-regu-
late MNDA expression in response to interferon
o, these cells do not decrease MNDA mRNA
level in response to TPA treatment as is ob-
served in the adherent monocytes and MNDA
expressing myeloid cell lines. The results con-
firm that a constitutive level of MNDA expres-
sion is associated with an ability to up-regulate
MNDA expression in response to IFN-«. It has
not been possible to induce MNDA mRNA ex-
pression using [FN-«a in cells that do not consti-
tutively express a detectable level of MNDA
mRNA or antigen. The results indicate that in
the cells examined MNDA is not an interferon
inducible gene, but that a constitutively ex-
pressed level can be up-regulated by IFN-a. By
contrast, constitutive expression of MNDA does
not correlate with the ability of agents to down-
regulate MNDA mRNA level. Although TPA
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treatment down-regulates MNDA mRNA in ad-
herent monocytes and in human myeloid cell
lines, the MNDA mRNA level in LCLs is unaf-
fected by TPA treatment. In addition, PHA dra-
matically reduces MNDA mRNA in adherent
monocytes, but has no effect on expression in
U937 cells. Agents such as PHA and TPA, which
activate signal transduction pathways different
from IFN-qa, do not elicit the same changes in
different MNDA expressing cells. It appears that
the stage of cell differentiation and cell type
determines the effectiveness of agents other than
IFN-a to alter MNDA expression.

The observations that TPA and PHA are ca-
pable of dramatically reducing the level of MNDA
mRNA in adherent monocytes but have no ap-
parent immediate effect on level of antigen indi-
cate that MNDA is a relatively stable protein.
The possibility that immunochemical detection
does not correlate with actual level of protein is
unlikely, as the immunoblot analysis employed
in these experiments detects recombinant MNDA
produced in bacteria [D. Xie, R.C. Briggs, and
dJ.A. Briggs, unpublished observations]. The ap-
parent lack of effect of elevating MNDA mRNA
in adherent monocytes on level of antigen is also
consistent with stability of the MNDA in periph-
eral blood monocytes. The decline in antigen
level in adherent monocytes maintained for 12
days in culture without a concomitant drop in
mRNA level indicates that the rate of translat-
ing MNDA mRNA and/or stability of the pro-
tein changes with macrophage differentiation.

Overall, the effects of agents that dramati-
cally alter the level of MNDA mRNA in the
adherent monocyte have no immediate effect on
antigen level. The results indicate that MNDA is
not involved in rapid cellular responses to activa-
tors of a number of signal transduction path-
ways. Previous characterization of a strictly
nuclear intracellular localization of MNDA is
also an indication that MNDA is not a mediator
transducing signals into the nucleus. The drop
in immunochemically detectable MNDA after 6
days of maintaining adherent cells in vitro indi-
cates that MNDA expression changes during the
differentiation of monocytes into macrophages.
The process of in vitro differentiation of mono-
cytes is accompanied by changes in morphology,
functional activity, and surface phenotype [An-
dreesen et al., 1990; Bauer et al., 1989; D’Onofrio
and Paradisi, 1983]. The in vitro differentiation
process of adherent macrophages is inhibited by
IFN-a [Becker, 1984; Andreesen et al., 1990].

IFN-« has also been observed to have an inhibi-
tory effect on respiratory burst and glucose me-
tabolism in macrophages [Conde et al., 1994].
Since inducers of monocyte/macrophage cyto-
kine production and differentiation (TPA and
PHA) down-regulate MNDA expression, it is
possible that MNDA is a repressor of monocyte/
macrophage activation and differentiation, but
that its effects are not immediately realized.

With regard to MNDA expression in the LCLs,
interferon a up-regulates the MNDA mRNA and
protein steady-state levels within three hours of
treatment. IFNa up-regulation of MNDA mRNA
in monocytes required at least six hours and a
concomitant change in antigen was not de-
tected. While the role of MNDA in either cell is
unknown, the monocyte results indicate that
the effects of altering MNDA protein expression
is a delayed response or that a second signal is
required to alter translation, such as is the case
with ferritin [Coulson and Cleveland, 1993].
The relatively rapid effect of IFN-a on both
MNDA protein and mRNA in the LCLs may
facilitate the subsequent evaluation of MNDA
function.
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