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Chronic Myeloproliferative Disorders

Expression of polycythemia rubra vera-1
decreases the dependency of cells on growth
factors for proliferation

An increase in the level of polycythemia rubra
vera -1 (PRV-1) mRNA has been reported in some
myeloproliferative disorders. We have studied the
effects of PRV-1 on cell proliferation and cell sur-
vival. In cell growth assays, the number of heterol-
ogous cells expressing PRV-1 increased faster than
sham-transfected cells, a difference that was more
pronounced in serum-free media. Even after 5 days
of exposure to serum-free media, cells expressing
PRV-1 continued to proliferate, whereas the con-
trol cells ceased to proliferate. We conclude that
PRV-1 is a pro-proliferation molecule, and hypoth-
esize that its overexpression may have a role in the
pathogenesis of myeloproliferative disorders.

haematologica 2003; 90:405-406

(http://www.haematologica.org/journal/2005/03/405.html)

Polycythemia rubra vera-1 (PRV-1, also known as
CD177 or NB1) is a member of Ly-6/uPAR protein fam-
ily, whose members have been shown to play a role in
cell proliferation.1 In normal subjects, PRV-1 is
expressed on a subpopulation of neutrophils, on myelo-
cytes and on metamyelocytes. An increase in the level
of mRNA encoding PRV-1 has been reported in neu-
trophils from patients with polycythemia vera (PV) and
essential thrombocythemia (ET);2-6 however, the func-
tion of PRV-1 is unknown. We have conducted in vitro
studies investigating the function of PRV-1 in a heterol-
ogous cell line stably expressing this molecule. After
transfecting either PRV-1 cDNA or empty plasmid to
Chinese hamster ovary (CHO) cells, we established a
stable CHO cell line expressing PRV-1 (CHO-PRV-1) and
a control cell line (CHO-Sham). Flow cytometry studies
with MEM-166, a monoclonal antibody to CD177 (BD
Pharmingen, San Diego, CA, USA), showed that CHO-
PRV-1 cells, but not CHO-Sham cells, expressed PRV-1
(data not shown). In the cell growth assay, the number of
CHO-PRV-1 cells increased faster than CHO-Sham cells
in the presence of 10% fetal bovine serum (FBS, Sigma-
Aldrich) in the growth media (Figure 1A). 

The difference in the number of cells was statistically
significant at each time-point, except at 0 and 24 hr, and
persisted throughout the 5-day follow-up. This difference
in growth rates between CHO-PRV-1 and CHO-Sham
cells was further increased when the cells were grown in
the absence of FBS. The growth curves diverged further
with time, and the difference in the cell number was
most prominent on the fifth day (Figure 1B). 

We studied cell proliferation by measuring the percent-
age of bromodeoxyuridine (BrdU)-incorporating cells. On
the first day after exposure to serum-free media, the per-
centage of BrdU (+) cells was similar between CHO-PRV-
1 and CHO-Sham cells; however, starting on the 4th day,
there was a significantly higher percentage of proliferat-

ing cells among CHO-PRV-1 cells than among control
cells (8.8±0.8% vs 0.8±0.1%, respectively; p=0.02)
(Figure 2A). Additionally, we compared the rate of apop-
tosis and necrosis between the two cell lines by measur-
ing binding of annexin V and incorporation of SYTOX
green stain, using the Vybrant Apoptosis Assay Kit
(Molecular Probes, Eugene, OR, USA). We found that
although apoptosis was not different between CHO-
PRV-1 and CHO-sham cells (Figure 2B), the percentage of
necrotic cells was higher in sham-transfected cells than in
PRV-1-expressing cells (Figure 2C). 

There are clinical observations that support a pro-pro-
liferative role for PRV-1. Clinical settings that are associ-
ated with elevated PRV-1 expression, such as administra-
tion of granulocyte colony-stimulating factor, sepsis,
pregnancy, and polycythemia vera are also known to be
associated with higher neutrophil counts.7-9

Another finding of our studies is that expression of
PRV-1 reduces the dependency of cell proliferation on
growth factors present in serum. Interestingly, in a recent
study, only progenitor cells of ET patients whose neu-
trophils overexpressed PRV-1 were capable of forming in
vitro colonies in the absence of erythropoietin.10 Several
important questions on the expression of PRV-1 are
unanswered. Do early hematopoietic progenitor cells
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Figure 1. Cell growth and expression of PRV-1: 1××109 CHO-PRV-1
(-JJ-) or CHO-Sham cells (- - JJ - --) were seeded in 6–well plates. Four
to 6 hours after seeding (time 0), growth media were replaced
with DMEM (Invitrogen) with either 10% FBS (a) or no FBS (b). At
24-hour intervals, cells were detached from the plates and count-
ed with a hemocytometer. The figure summarizes the results of 3
separate experiments. The number of cells at any time point was
normalized to the initial cell count and is shown on the Y-axis (Cell
count at each time-point/Cell count at 0 time-point). *Shows sta-
tistically significant differences in the cell counts (p<0.05,
Student’s t-test).
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express PRV-1 mRNA? Is there a difference in the expres-
sion of PRV-1 on hematopoietic progenitor cells between
normal subjects and patients with myeloproliferative dis-
eases ? Is there a correlation between the level of mRNA
and surface expression of PRV-1? There are controversial
data about the answer to this last question.4,7 Besides
being a possible diagnostic marker for PV and ET, PRV-1
overexpression may alter cellular function. We found that
expression of PRV-1 on CHO cells decreased the depend-
ency of these cells on serum for survival and prolifera-
tion. The role of PRV-1 in proliferation of myeloid cells
and in the pathogenesis of PV and ET should be studied
further in other in vitro systems and in animal models.
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Chronic Myeloproliferative Disorders

Neutrophil polycythemia rubra vera-1 expression
in classic and atypical myeloproliferative
disorders and laboratory correlates

The current study of 153 subjects with both clas-
sic and atypical myeloproliferative disorders sug-
gests that neutrophil polycythemia rubra vera-1
(PRV-1) over-expression is a non-specific feature
of clonal myeloproliferation that displays signifi-
cant correlation with leukocyte alkaline phos-
phatase score. These observations undermine the
utility of the PRV-1 assay as a diagnostic test of
additional value.

haematologica 2005; 90:406-408
(http://www.haematologica.org/journal/2005/03/406.html)

Previous studies have found a strong association
between neutrophil PRV-1 over-expression and poly-
cythemia vera (PV) which is neither invariable (test sen-
sitivity ranging from 69-100%)1-6 nor exclusive (a sub-
stantial minority of patients with either essential throm-

Figure 2. Effect of PRV-1 expression on cell proliferation and cell
death. A. Cell proliferation: equal numbers of transfected CHO
cells (1××104) were seeded in 4-well Laboratory Teck chamber
slides (Nalge Nunc International, Rochester, NY, USA). Cells were
serum-starved for 0, 24, 48, 72, 96, and 120 hours; pulsed with
50 mol/L BrdU, and then fixed in 70% ethanol solution at -20ºC.
The Y-axis shows the percentage of BrdU-positive cells [BrdU-posi-
tive cells/total cell count) ×× 100]. BrdU incorporation into the
nuclei of cells was evaluated by light microscopy at 20 X magnifi-
cation and for each time point, a total of 1,000 cells was counted.
B-C. Cell death: equal numbers of transfected CHO-cells were
serum starved for different time intervals. We used flow cytome-
try to measure the surface binding of annexin V (apoptotic cells)
or DNA incorporation of SYTOX green dye together with surface
binding of annexin V (necrotic cells). Percentages of apoptotic (B)
or necrotic (C) cells are shown on the X-axis. The experiment was
repeated three times and the results are summarized as bar
graphs *shows p<0.05 (Student’s t-test).
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