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In 1882, Giulio Bizzozero initially described the hemostatic properties of platelets[1] and, for
approximately 100 years, any alternative attributes ascribed to these anucleated cells have been
treated with a degree of skepticism. For instance, while most platelet research has centered
around their thrombotic properties, more recently, their role in inflammation has been clearly
established and, now is firmly accepted. Conversely, while platelets have been clearly
identified to have a transcriptomic profile, research understanding their ability to support the
process of translation is still limited. It is with this degree of measured skepticism, one must
examine the study by Malaver et al[2] in the current issue of the Journal of Thrombosis and
Haemostasis. The authors propose that inhibition of platelet NFκB leads to modulation of
platelet function. NFκB is a transcription factor which controls the gene expression of
inflammatory mediators. Under normal conditions, NFκB is retained in the cytosol and, in
response to stimuli, the free NFκB complex translocates to the nucleus where it initiates gene
transcription. As the platelet is an anuclueated cell without genomic DNA, the idea that
NFκB could regulate platelet function is fascinating.

The study by Malaver et al [2] raises the question; can platelets have nongenomic function due
to a pathway that is only known as a genomic regulator? While there is limited data on genomic
function, platelets are known to have a clear transcriptomic profile[3] and, specifically, are
known to contain the transcript for NFκB (unpublished data). However, whether the transcript
contained in the platelet is a reflection of the megakaryocyte, a specific phenotype, or merely
remnant RNA is not yet clear. A limited number of studies have convincingly shown that, in
platelets, there is new synthesis of proteins from previously transcribed RNAs in response to
activating signals.[4] In addition, select nuclear receptors have been shown to have
“nongenomic” function in platelets. One example is estrogen which is well known to regulate
specific kinase pathways in other cell types[5] and, in platelets, mediates function via various
pathways including increased GPVI receptor expression after oral estrogen replacement
(GPVI).[6] Notably and unlike NFκB, these studies specifically examine receptors which are
already known to have effects (i.e. stimulation of kinase pathways) that do not require genomic
regulation.[5]

The NFκB family of transcription factors is comprised of 5 members: p50, p52, p65, RelB,
and c-Rel. NFκB complexes are mainly found sequestered in the cytoplasm in an inactive state,
bound to the inhibitory proteins, IκBs. In this complex, IκBs mask the nuclear localization
sequence on the NFκB. The combinations of NFκB dimers and IκBs indicate the diverse
function of this signaling pathway. The NFκB pathway begins with the activation of IKK
(Figure 1B). Numerous receptors, mainly associated with inflammation and immunity, are
involved in IKK activation, including tumor necrosis factor receptors (TNFRs), toll-like
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receptors (TLRs), interleukin-1 receptor (IL1R), T cell receptors (TCR), and B cell receptors
(BCR). However, other cellular stresses can trigger the activation of this pathway including
DNA damage by UV and ionizing radiation, and exposure to free radicals and reactive oxygen
species. These receptors activate proteases and adaptors that will both activate IKK and other
signaling pathways, such as JNK, p38, ERK, and caspases. Upon the phosphorylation of 2
serine residues on its β subunit, IKK will phosphorylate IκB, which leads to a conformational
change and release of NFκB. The phosphorylated IκB is recognized by SCRF ubiquitin ligase
machinery, which polyubiquinates lysine residues on IκBs, leading to its degradation. NFκB
translocates into the nucleus and will activate the transcription of various genes mainly
involved in inflammation and immunity. Activation into a transcription factor occurs through
post-translational modifications, including phosphorylation and acetylation, of NFκB.[7, 8]
Dysfunction in these pathways has been associated with numerous pathologies, including
cancer, diabetes, cardiovascular disease, and inflammatory disorders.

The function of NFκB has been studied exclusively in nucleated cells. The question at hand is
whether or not this transcription factor is functionally present in anucleated platelets. In a large
epidemiological cohort looking at the relationship of platelet RNA levels and cardiovascular
disease, NFκB1 RNA was consistently present in platelets (unpublished). Previous work by
Liu, et al [9], has shown that platelets express 3 members of the NFκB pathway - IκB, NFκB
p65, and IKK. PMA or TRAP treatment led to the phosphorylation of IKK on serine 32 and
phosphorylation and degradation of IκBα; however, the NFκB phosphorylation level remained
unchanged upon activation[9]. In this issue of the Journal of Thrombosis and Haemostasis,
Malayer, et al [2] present additional data further confirming the presence of NFκB in platelets
with a summary of their data as compared to known NFκB pathways shown in the summary
Figure. Through immunofluorescent microscopy and western blots, the presence of NFκB p65
is shown in platelets, which is not attributed to any leukocyte contamination [2]. In addition,
they also identify the presence of IκBα in platelets through western blots [2]. Taken together
with past data, it seems possible that NFκB and other members of its pathway are present in
platelets; however, the question remains if this pathway is functioning in a novel way, unrelated
to transcriptional regulation. Platelets pretreated with NFκB pathway inhibitors, BAY 11-7082
and Ro 106-9920, responded to stimulation with arachadonic acid but not other agonists,
including thrombin, epinephrine, collagen, and ADP[2]. These inhibitors prevented multiple
platelet activation mechanisms – platelet-platelet interactions, platelet adhesion to fibrinogen,
integrin αIIbβ3 activation, P-selectin release, ATP release, and TXB2 formation [2]. Although
these inhibitors did not effect arachadonic acid-induced aggregation, it was determined that
they blocked the phosphorylation of ERK, which regulates the phosphorylation of cPLA2, the
main enzyme responsible for the release of arachadonic acid [2] (data summarized in Figure
1A). Although there is no doubt that these inhibitors are affecting platelet function, the question
remains whether or not these inhibitors are effecting more that just the NFκB pathway, such
as caspases. In addition, it would have been more conclusive to show that the NFκB pathway
is involved in platelet aggregation by using a known activator of this pathway. It has been
established that platelets express functional IL1R and TLRs, specifically TLR4 and TLR2
[10], receptors known to activate the NFκB pathway. This paper also concludes that NFκB
pathway is involved in the regulation of the MAPK-ERK pathway. With the addition of either
pharmacological inhibitor, there is noted loss of ERK phosphorylation as shown by western
blot when the platelets are treated with thrombin [2]. Traditionally, ERK phosphorylation has
led to the regulation of the NFκB pathway, in particular through phosphorylation of IκBα bound
to NFκB p65 [11]. Regulation of ERK activation has only been shown to occur through the
phosphorylation and degradation of NFκB p105 [12].

Strong evidence for the functionality of the findings presented by Malaver et al[2] should be
from the in vivo findings in which mice have the NFκB inhibitor BAY 11-7082 administered
intraperitoneally and, after 24 hours and a repeat dose, bleeding time and platelet aggregation
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measured. However, in this study,[2] no differences were detected by bleeding time but
aggregation was decreased in animals treated with BAY 11-7082. Unfortunately, these in
vivo pharmacological studies raise more questions than they answer. The NFκB inhibitor is
not specific for platelets; a point highlighted by the discrepant findings looking at platelet
function vs. bleeding time which reflects both platelet and endothelial effects. Additionally,
inhibition of NFκB throughout the vasculature could influence transcription in nucleated cells
including mediators of platelet function such as CD40/CD40L[13], and megakaryocytes, in
which NFκB has been shown to have a role the maturation of these cells prior to platelet
production [14]. Perhaps, if platelets that had been incubated with an NFκB inhibitor were
reinfused, and bleeding times immediately measured, changes in function could be assumed
to be platelet specific with a greater degree of certainty. Ideally, the use of conditional knockout
mice models would be of greater benefit. However, in the case of platelets, conditionally
removing components of the NFκB pathway, will also affect megakaryocytes, leading to
problems with platelet development. Infusion of platelets from a conditional knockout mouse
into a normal mouse would be a method that would best determine if NFκB has a functional
role in platelets.

Most importantly, the conclusions from this study are entirely based on the use of two
pharmacological inhibitors known to inhibit at specific targets in the NFκB pathway. BAY
11-7082, which has an IC50 of 10 μM [15], inhibits cytokine-induced IκBα phosphorylation.
Ro 106-9920 inhibits TNF-α and LPS induced IκBα ubiquitination, has an IC50 of 3 μM [16].
Concentrations used in this study are well above these values. Therefore, the question remains
if these concentrations are affecting other pathways or do they have cytotoxic effects. It has
been reported that BAY 11-7082 can activate caspase 3, independent of the NFκB pathway
[17] at a lower concentration than that used in this study. In addition, contrary to the data shown
in this study, BAY 11-7082 was shown to not have an effect on the phosphorylation of ERK
[18], albeit at a lower concentration; however, it has been shown to increase the
phosphorylation of p38 and JNK1 [15]. Finally, Ro 106-9920 is also not specific for NFκB
pathway inhibition at higher concentrations. At 10 μM, this inhibitor will reduce the activity
by 50% or more of CGRP (which has been shown to inhibit platelet aggregation and tissue
factor release [19]), EGFR kinase, iNOS, and 5-lipoxygenase, while increasing the activity by
50% or more of P2Y1 and COX1(both functional in platelets; P2Y regulates activation and
COX1 is involved in prostaglandin production)[16]. Those enzymes inhibited 30% or more
include, BZD central and phospholipase C (PLC; involved in platelet shape change) [16]. Not
all of these enzymes function in platelets, but nevertheless this shows that the two inhibitors
at 10 μM are able to augment various cellular pathways and reactions. In conclusion, with the
use of such high concentrations of NFκB pharmacological inhibitors, there can only be concern
that these results are an artifact of the treatment and do not identify a novel function of NFκB
in platelets.

Thus, in 2009, we can comfortably agree that platelets are more than anucleated cells which
mediate hemostasis and induce thrombosis. Clearly, a wealth of basic and clinical studies have
shown their importance in inflammation, non-thrombotic vascular homeostasis, and immunity.
Emerging studies are defining the relevance of the platelet transcriptome. Therefore, with the
optimistic view of the expanding role of platelets in the vasculature, the study by Malaver, et
al [2] should be initially viewed. These findings show that NFκB is intact in the platelet and
undergoes similar regulation as compared to other inflammatory cells. However, there are
significant limitations including a paucity of mechanistic explanation, a purely pharmacologic
approach, and a lack of convincing in vivo data; suggesting that further studies are needed to
definitely state that NFκB, through nongenomic and unknown pathways, mediates platelet
function.
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Figure. The NFκB Pathway
(A) Depiction of the novel function of the NFκB pathway in platelets based on the findings
from Malayer, et al., which shows NFκB involved in the activation of this anucleated cell by
thrombin. (B) Depiction of the traditional NFκB pathway in nucleated cells.
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