
I have often said that the lupus erythematosus (LE) cell is 

the most important cell in all of medicine. Th is judgment 

does not refl ect the cell’s putative function in auto-

immunity but rather the insights it has provided into the 

mechanisms of autoimmunity. Discovered fortuitously by 

Hargraves and colleagues (see Suggested reading below) 

at the Mayo Clinic, the test to detect this cell is very 

simple. A sample of peripheral blood is disrupted, incu-

bated, and then spread onto a slide for inspection, after 

Wright’s staining, under an old-fashioned light micro-

scope. If the patient has lupus, then, voilà, the LE cell 

stands out among the mundane and ordinary red and 

white cells that populate the blood.

No doubt, my view of the signifi cance of the LE cell is 

parochial and relates to my identity as a rheumatologist 

who has spent a career trying to solve the enigmas of 

anti-DNA antibodies. Th e competition for the LE cell is 

also not that stiff . ‘Tart’ cells are now forgotten and the 

Reed-Sternberg cell, though valuable for the diagnosis of 

Hodgkin’s disease, has a very confusing phenotype, 

representing a B cell of some kind. Truly, what has the 

Reed-Sternberg cell revealed about the basis of malig-

nancy? In contrast, the study of the LE cell has been a 

bonanza for autoimmunity.

As is now recognized, the LE cell phenomenon 

involves, in the presence of anti-nuclear antibodies 

(ANAs) and complement, the phagocytosis of a cell 

nucleus. In peripheral blood, the cell doing the engulfi ng 

is likely a neutrophil. For many years, the focus on the LE 

cell phenomenon was the ANA component and 

specifi cities that can bind nuclear molecules; this focus 

spawned simpler and more widely used tests such as the 

fl uorescence anti-nuclear antibody (FANA) test. Other 

elements of the LE cell phenomenon raise salient issues 

that remain prime topics for investigation: the role of 

complement in the binding and clearance of nuclear 

material; the activation of neutrophils by nuclear 

molecules; and, perhaps most important, the existence of 

nuclear material outside cells.

Of events key to the creation of an LE cell, the 

translocation of an intact nucleus from the inside to the 

outside of a cell is perhaps the most mysterious and, for 

many years, attracted little investigative interest. Physio-

logical enucleation is thought to occur essentially only in 

the bone marrow during red cell development and in the 

eye during the formation of the lens. Otherwise, cells 

quite reasonably hold onto their nuclei with their 

treasures of genetic information. As suggested by the 

apparent supply of nuclei available for the LE cell pheno-

menon, enucleation of hematopoietic cells perhaps 

occurs readily in the blood, a feature of a cell death 

process yet to be described and defi ned. If such a process 

exists among blood cells, it diff ers from apoptosis, in 

which nuclei condense and fragment for safe disposal in 

the form of apoptotic bodies and microparticles.

Th e enucleation central to the LE phenomenon also 

must diff er from the extrusion of nuclear material from 

neutrophils as neutrophil extracellular traps (NETs). 

NETs are a unique form of DNA designed to entrap and 

ensnare bacteria and fungi. Th e process of the formation 

of NETs is called NETosis. During NETosis, which can be 

triggered by a variety of stimuli (including cytokines and 

Toll-like receptor (TLR) ligands), the nuclear membrane 

breaks down to allow mixing of DNA with cytoplasmic 

and granule contents which emerge from cells as strands 

or mesh. A NET should diff er in appearance from the 

seemingly intact nucleus inside the LE cell. Th e striking 

images of NETs by fl uorescence microscopy may not be 

the true story, however. Perhaps, during NETosis, the 

neutrophil ejects a more intact structure that unravels 

and disassembles over time once outside the cell to 

produce the now-classic image of a NET.

Whatever the mechanism for the generation of an LE 

cell, its close association with lupus, especially the more 

severe manifestations, has enforced the idea that it 

represents a pathological process linked to infl am ma-

tion. Furthermore, the demonstration of LE cells in 

pleural eff usions, for example, places the LE cell directly 

at the site of pathology. Even if the LE cell is an in vitro

fi nding, the evidence for its involvement in patho-

genicity, though circumstantial, is compelling. In other 

words, the LE cell has the tell-tale signs of a crime 

scene. All that is missing is the yellow tape the police 

use to keep gawkers away.© 2010 BioMed Central Ltd
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I do not watch the CSI shows, nor am I an expert in 

forensics. But I am not ready to declare the case closed 

and the LE cell guilty as charged. I think that another 

interpretation is possible, and the LE cell as shown under 

the microscope signifi es something quite diff erent. Let 

me reconstruct the crime scene in a diff erent way, which 

I hope will encourage a more general examination of the 

role of ANAs in lupus. Th is interpretation stems from 

exciting studies on the treatment of immune-mediated 

disease by monoclonal antibodies to nuclear molecules.

As shown now in many studies, the boundary between 

foreign (non-self ) and self in the induction of innate 

immunity is not that sharp, and many self molecules can 

acquire immunological activity. Th is acquisition occurs 

during the exposure of these molecules to the immune 

system during cell injury and death, and the death 

processes often alter their structure by cleavage, de-

naturation, or post-translational modifi cation. Such self 

molecules go by a number of terms; ‘danger’ molecules is 

the most dramatic and vivid description of their ability to 

signal that the organism is in dire straits. Th ese molecules 

can also alert the immune system to trouble, hence the 

term alarmin. Finally, these molecules, by analogy to 

PAMPs, or pathogen-associated molecular patterns, can 

be called DAMPs, or damage-associated (or death-

associated) molecular patterns. Indeed, DAMPs and 

PAMPs can trigger the same set of sensors, such as the 

TLRs. Th e interaction of DAMPs and PAMPs with the 

same receptors indicates that the immune system does 

not really discriminate self from foreign or non-self but 

rather recognizes patterns that are structurally similar 

despite disparate origins.

Among the most prominent and potent DAMPs are 

nuclear molecules, and HMGB1 (high-mobility group 

box 1 protein) is at the top of the list. HMGB1 is a non-

histone nuclear protein that can bind DNA and serves as 

the prototype alarmin. HMGB1 leaves cells during cell 

death (apoptosis and necrosis), activation (especially of 

macrophages), and NETosis, and its extracellular activity 

is determined in part by its redox state. In addition, 

HMGB1 can partner with other molecules, such as 

lipopolysaccharide or cytokines like interleukin-1, to 

create new immunostimulatory moieties. Relevant to this 

discussion are observations that antibodies to HMGB1 

are highly eff ective therapies in animal models of sepsis 

and arthritis. Coupled with the observations that 

HMGB1 is elevated in the blood or tissue during 

infl ammatory disease, these fi ndings have made HMGB1 

a compelling target in new treatments.

Other nuclear components with immunological 

activity are nucleosomes, histones, and DNA, although 

DNA may need a partner like HMGB1 or LL37 for its 

immunostimulatory activity. Interestingly, histones can 

directly infl ict tissue injury, and monoclonal anti-histone 

(H1 and H3) antibodies are eff ective in blocking models 

of thrombosis, shock, and liver injury in mice. Together, 

these considerations suggest that nuclear material can be 

pathogenic and that ANAs (anti-HMGB1 and anti-

histones) can be therapeutic. Th us, the binding of an 

ANA can prevent disease as well as cause it.

In light of these data, the LE cell can be recon cep-

tualized as a benefi cial response, in which the binding of 

the nucleus facilitates neutralization or removal of a 

source of DAMPs. Th is process would be directly 

analogous to the opsonization and phagocytosis of a 

bacterium to remove a bundle of PAMPs before they 

cause harm, such as shock. Another way to look at this is 

that, if the target antigen in the LE cell were a bacterium 

instead of nucleus, you would say, ‘Way to go, immune 

system. Get that critter.’ Because the target is a nucleus, 

however, you say, ‘Omigod, it’s lupus. Get steroids’.

Although this line of thought sounds reasonable (at 

least to me), one can argue that there is an obvious fl aw 

since the LE cell is associated with a more serious set of 

disease manifestations. If LE cells were preventing in-

fl am mation and damage, the opposite relationship could 

be expected. Th us, owing to a robust protective response, 

individuals with high numbers of LE cells (a sign of anti-

nuclear defense) should display disease that is less severe, 

not more severe. I would counter this argument by saying 

that, in those individuals with active disease with LE 

cells, the system is working in overdrive but has been 

overwhelmed with nuclear material. Th is situation may 

be exacerbated in lupus by inadequate handling of the 

burden of dangerous molecules. Clearance defects 

abound in patients with lupus, providing plausibility for 

this model. In this scenario, the presence of LE cells at 

sites of infl ammation does not mean that the cells are 

committing a crime but that they are trying to stop or 

prevent one.

A further issue in conceptualizing the LE cell relates to 

the heterogeneity in the serological response of patients 

with lupus. Th ese responses are highly diverse, targeting 

a multitude of nuclear antigens. Importantly, many ANAs 

have never been defi nitively associated with clinical 

disease manifestations, and some patients can remain 

‘serologically positive, clinically negative’ for many years, 

seemingly spared active disease despite abundant ANA 

production. In such patients, this discordancy suggests 

that the ANAs, though patho logical, are neither 

pathogenic nor nephritogenic. Mouse transfer models 

show clearly that, although some anti-DNAs can deposit 

in the kidney, many cannot despite bona fi de DNA 

binding. Clearly, interaction with a nuclear antigen does 

not necessitate a role in promoting disease, or exclude a 

role in preventing disease. It is of interest, therefore, that 

between 15% and 25% of otherwise healthy individuals 

can express an ANA when blood is assayed by sensitive 
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techniques. A high frequency of ANA expression in 

normal individuals could signify a propensity to 

autoreactivity in the general population but could also 

indicate the ordinary operation of immunoregulatory 

mechanisms to constrain immune responses to nuclear 

molecules. Unfortunately, the specifi city of the ANAs in 

normal individuals is usually not known, although the 

characterization of these ANAs could provide additional 

insights into the way that the immune system protects 

against the activity of nuclear molecules. Th erefore, it is 

of great interest that, in a study by Li and colleagues (see 

Suggested reading below), healthy controls without ANA 

reactivity showed more evidence of upregulated gene 

expression by array analysis of peripheral blood cells than 

healthy controls with ANA positivity; those with ANA 

positivity, however, showed evidence of upregulation of 

genes asso ciated with the interferon signature. Th erefore, 

further genetic and genomic studies of patients and 

controls should be informative in elucidating immune 

distur bances underlying lupus, especially if studies allow 

for the possibilities that ANAs can act defensively as well 

as off ensively and that serological disturbances can 

indicate a response to impending danger and not 

necessarily its cause.

Th e remarkable success of anti-HMGB1 antibodies in 

animal models of disease and the equally impressive but 

more limited studies on anti-histone antibodies indicate 

that some ANAs are protective. Th is protection could 

result from increased clearance of nuclear antigens or 

blockade of TLR binding. Since many nuclear molecules 

with DAMP activity function in the context of a nano-

structure or microstructure (for example, micro particles 

or microvesicles), protective ANAs could indeed pro-

mote their phagocystosis after opsonization, eff ectively 

reproducing the LE cell phenomenon. Th is discussion is 

not just for intellectual amusement but rather to suggest 

new lines of research into the serology of lupus and other 

diseases characterized by ANA production. Given the 

possibility that ANAs can be protective and not just 

pathogenic (or non-pathogenic), the relationship between 

serology and clinical disease events may be clarifi ed. 

Furthermore, the possibility that some ANAs are 

protective could spur inquiry into new biological 

therapies based on the paradigm, now so well established 

with anti-HMGB1 antibodies, that ANAs can block 

disease by eliminating deleterious nuclear material. If the 

LE cell phenomenon provided evidence for the 

prevention of disease and not its induction, then a 

venerable but clunky assay could have a revival as a 

screen for agents to stop the immunological crime known 

as lupus.
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