POINT OF VIEW

Rheumatic fever pathogenesis: Approach in research needs

change

Rajendra Tandon

Department of Cardiology, Sitaram Bhartia Institute of Science and Research, B-16, Mehrauli Institutional Area, New Delhi, India

ABSTRACT

Despite identifying that rheumatic fever (RF) is the result of an immunological reaction following group-A
beta-hemolytic streptococcal infection, the pathogenesis remains elusive. RF has been incorrectly designated
as causing pancarditis, since it does not cause myocarditis. Research directed toward myocarditis, targeting
myosin to unravel the pathogenesis has not succeeded in more than 60 years. RF causes permanent damage to
cardiac valves. The mitral valve (MV), derived from the wall of the left ventricle, is composed of a central core
of connective tissue, covered on both sides by endothelium. The left ventricle does not have either myocardial
or intermyocardial connective tissue involvement in RF. By exclusion, therefore, the primary site of RF damage
appears to be the endothelium. Evaluation of the histopathology and immunopathology indicates that RF is
a disease of the valvular and vascular endothelium. It is not a connective tissue disorder. Research to identify
pathogenesis needs to be focused toward valvular endothelium.
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It is generally accepted that rheumatic fever (RF) follows
group-A beta-hemolytic streptococcal (GAS) infection.
The GAS infection is followed by a latent period before
the onset of RF. During the latent period, immunological
perturbations occur to initiate RF [Figure 1]. Wannamaker
wrote that “RF represents the chain that binds the heart to
the throat. However, the chain of events biochemical and
immunological, between streptococcal sore throat and
the onset of RF is still unknown.”™ The statement is true
even today. Because of the decline in the prevalence of
RF in developed countries, very limited research related
to the pathogenesis is being carried out at present.

Virulence of RF is related to its capacity to cause
permanent cardiac damage. Resurgence of RF in the
inter-mountain area of USA indicates that carditis, based
on clinical features combined with echocardiogram
findings, occurs in almost 90% of patients.?! Rheumatic
carditis has been described as a pancarditis involving
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Figure 1: GAS infection results in acute RF after a latent period.
The antigen(s) and the exact site of disease remain unknown

the pericardium, the myocardium, and the endocardium.
Recent studies indicate that RF does not cause myocardial
damage. Hence, it is unlikely that research directed
toward myocarditis will help unravel the pathogenesis
of RF. The purpose of this communication is (i) to
summarize studies which indicate that RF does not cause
myocarditis, (ii) indicate features which suggest and
identify endothelium as the primary site of RF damage,
and (iii) suggest guidelines for further research.
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MYOCARDITIS

Several lines of investigation indicate that myocarditis
is not a feature of rheumatic carditis.

Oran et al. found that the creatine kinase MB, myoglobin,
and troponin-I in patients with acute RF with active
carditis with or without cardiomegaly or congestive
failure remain normal on the 374, 7! 14" and 21% day
indicating an absence of significant myocardial damage.l3!
Gupta and associates evaluated troponin-I in 22 patients
with acute RF (14 with carditis) and 9 scarlet fever
controls. They reported that “there was a minimal but not
significant degree of elevation of cardiac troponin-I above
normal levels in 18 percent of the patients with acute
RF. The presence of low troponin-I levels throughout
the course of RF especially in the face of active carditis
argues against significant cardiomyocyte injury.”®
Kamblock and associates estimated cardiac troponin-I
(cTnl) levels and studied the left ventricular function
in 95 consecutive patients of acute RF. They concluded
that there was no cTnl elevations or echocardiographic
abnormalities suggesting significant myocardial
involvement during RF. Congestive heart failure was
always associated to severe valvar regurgitation.?!

Vasan et al. studied the left ventricular function in
patients with acute RF with and without carditis as well
as with and without congestive failure. Left ventricular
contractility and systolic function was normal despite
the presence of congestive failure in the majority of
patients with rheumatic carditis.® They concluded that
rheumatic carditis does not result in congestive failure in
the absence of hemodynamically significant valve lesions.

Radhakrishnan and associates used technetium 99m
stannous pyrophosphate scan in 12 patients of acute
RFE.[” Myocardial staining was uniformly absent in all.
They concluded that the technique was insensitive for
the diagnosis of myocarditis in acute RF. Narula et al.
used indium'!!-labeled antimyosin fab in patients with
acute RF to identify the presence of myocardial damage."!
Except in the presence of pericarditis or congestive
failure there was very poor staining indicating the
absence of significant myosin damage.

Further, Narula et al. used myocardial biopsy in 89
patients of acute RF and chronic rheumatic heart
disease to identify the presence of active myocarditis.
They concluded that myocardial biopsy performed
during acute RF does not add to the clinically obvious
myocarditis due to paucity of myocardial damage."

Edwards and Edwards evaluated the role of myocarditis as
compared to valvular disease causing congestive failure
in RF. They stated that histologic examination in patients
with active rheumatic myocarditis does not permit easy
acceptance of this concept, because the lesions of active
myocarditis are primarily interstitial without evidence
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of cellular myocardial necrosis. Aortic regurgitation
of rheumatic origin strongly indicates an element of
intrinsic valvular rather than myocardial disease.l'%
“Histologically the amount of myocardial damage due to
myocarditis is so little that it fails to explain why patients
of acute RF have died” (JEE: Personal communication).

Kinsley and associates replaced mitral and/or the aortic
valve in patients of acute RF, with deterioration despite
anti-congestive measures.'!! Following mitral or aortic
valve replacement, the left ventricular size and function
returned to normal and congestive cardiac failure
subsided, with clinically ongoing carditis. They concluded
that congestive cardiac failure was the result of an acute
volume overload secondary to mitral and/or aortic valve
regurgitation and not due to myocarditis per se.

Histopathological findings of carditis, summarized by
Virmani et al., indicate inflammatory changes in the sub-
epicardial, sub-endocardial, and perivascular interstitial
tissue with little myocyte disruption. Aschoff nodules
(AN) are strictly perivascular in location. The rest of the
myocardium and the interstitial tissue is normal."? AN
contain lymphocytes, macrophages, § cells, and giant
cells. Immunopathology of AN, studied by Gulizia and
associates, indicates that it does not have any cells of
myocardial origin.['¥ Therefore, Aschoff nodule, the
hallmark of rheumatic carditis, is not derived from
myocardial damage.

Thus, the absence of myocarditis has been demonstrated
and documented by (1) the absence of increase in
markers of myocardial damage (CK-MB, Troponin-I),
(2) echocardiographic left ventricular function studies,
(3) radionuclide imaging (technetium pyrophosphate,
indium!'!, antimyosin fab), (4) myocardial biopsy
studies, (5) surgical management during active carditis,
(6) histopathology and immunopathology.

Since RF does not cause myocardial damage, and the
fact that congestive failure occurs only in the presence
of severe mitral and/or aortic regurgitation, it is possible
to conclude that rheumatic valvulitis causing acute and
chronic valvular damage determines the morbidity and
mortality of RF.

Despite this ubiquitous evidence why did
involvement of myocardium get primacy?

This could be explained by the similarity in structure
between M-protein and the human tropomyosin. The
GAS M-protein was identified and established as the
virulence factor of the organism by Lancefield.l'*15!
Further cross-reactive antibodies between M-protein
and tropomyosin have been demonstrated. Research,
therefore, was directed exclusively toward myosin.[1¢17]
Since it is now clear that myocardium (myosin) is not
the target in RF, research needs to be directed elsewhere
for the pathogenesis of RF to be identified.
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SITE OF DISEASE

The primary site of RF damage appears to be endothelium
with its basement membrane.

Evidence from pathology and immunopathological
findings

The pathological findings of RF provide clues to
the pathophysiology of RF. “RF is characterized by
proliferative and exudative inflammation involving
primarily collagen tissue or its ground substance. There
is a pronounced tendency to affect tissues lined by
endothelium, including blood vessels, endocardium,
pericardium, and synovia.”’®8) Pathological findings
indicate that RF predominantly damages the endothelium,
selectively throughout the body. However, due to its
proximate location to endothelium, inflammation
progresses to the sub-endothelial layer.

Carditis

Heart is the most extensively studied organ and the
findings have been summarized by Virmani et al.l'?!
There is evidence for inflammation which is confined to
the sub-epicardial, sub-endocardial, and perivascular
connective tissue of the heart in addition to a generalized
vasculitis throughout the body. There is little myocyte
disruption and the intermyocardial connective tissue
is not damaged. The hallmark of RF carditis is the
Aschoff nodule (AN). The AN is strictly peri-vascular
in location with minimal surrounding myocyte and
connective tissue damage [Figure 2]. The AN contains
lymphocytes, macrophages, B cells, and giant cells.
Immunopathology of the AN indicates that it does
not have any cells of myocardial origin."'3! Therefore,
it can safely be concluded that the AN, the hallmark
of rheumatic carditis, is not derived from myocardial
damage. Except the perivascular area, the rest of the
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Figure 2: Perivascular AN in left ventricular myocardium. The
myocardium and the interstitial tissues are unaffected except in
the perivascular area
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myocardium and the interstitial tissue are normal.

The sub-epicardial, sub-endothelial, and perivascular
inflammatory deposits which are frequently observed
are directly related to and under the endothelium.
“Microscopically pericardial lesions are found in 100
percent of active cases; however, there is no residual
damage.”’ Gross evidence of active pericarditis
was found in 46% while operating for aortic valve
replacement during acute RF.I'! The inflammation is
strictly related to and localized to the endothelium, the
underlying basement membrane, and the subendothelial
tissue. There is no evidence for the cardiac muscle or
intermyocardial connective tissue damage. The cardiac
valves - mitral, aortic, tricuspid, and pulmonary -
histologically consist of a connective tissue core covered
on both sides by the endothelium. There is no muscle
tissue and there are no blood vessels in the valves. The
absence of blood vessels is important since blood vessels
have some muscle tissue in their walls and are lined
by endothelium. Since the valves structurally consist
of a connective tissue core covered by a reduplicated
endothelium, the damage to endothelium initiates an
inflammatory damage to the underlying connective
tissue of the valve. The mitral, aortic, and less commonly
the tricuspid and pulmonary valves are involved. “The
tricuspid and pulmonary valves may disclose distinct
microscopic lesions when they appear normal on
gross examination. The atrial surface of the mitral and
tricuspid valves may show gross vascularization.”18:20.211

Central nervous system and chorea

Disseminated meningo-encephalitis affecting the basal
ganglia, caudate nucleus, putamen in corpus striatum,
cortex, internal capsule, and cerebellum is present. There
is an obliterating arteritis involving the small meningeal
and cortical vessels with infarction and softening of
cerebral tissue. Perivascular round cell infiltration,
petechial hemorrhages, and hyalinization of small blood
vessels are present. AN are not formed. The central
nervous system changes are present with or without the
patient presenting as chorea. The pathological changes
are, therefore, strictly a vascular pathology with a limited
perivascular disease, with the central nervous system
otherwise remaining normal.[?2%3]

Arthritis

Clinically individual joints have evidence for inflammation
lasting 1-7 days.[?*281 “The synovial membrane is reddened
and thickened and covered with fibrinous exudates.
Histologically there is marked edema, engorgement,
and dilation of blood vessels and diffuse and focal
infiltrates of lymphocytes and polymorphs. Fibrinoid
and histiocytic granulomas are formed.”?8 Arthritis
has a limited duration of 2-3 weeks and heals without
residual damage. Similar to other organs, arthritis can
also be ascribed to endothelial inflammation.

171



Tandon: Pathogenesis RF

Subcutaneous nodules

“A central zone of fibrinoid necrotic material is
surrounded by histiocytes and fibroblasts and around
small vessels are collections of lymphocytes and
polymorphs.” The nodules heal without residual
damage.[28-30]

“The changes observed in the nodule of RF have been
interpreted as being due chiefly to injury of small
blood vessels with subsequent exudation of plasma and
blood cellular constituents into the connective tissue.
In addition, small focal lesions similar or identical to
the myocardial Aschoff nodule are frequently seen.”?°!

Arteries

“Lesions of the vascular compartment, including the
coronary arteries, represent a fundamental features
of the pathology of RF. The pulmonary artery, aorta,
coronary vessels, small and large muscular arteries
including the vasa-vasorum are involved.”8! They have
edema of intima and media, fibrinoid thickening, and
at times thrombosis. Intima and media have histiocytic
and inflammatory cell infiltration. Aschoff bodies are
perivascular in location and related to adventitia.[1821.31-33]
Gross evaluation, while operating on active cases, has
shown aortitis “characterized by macroscopic edema of
the aortic adventitia in 43 percent.”('!l The adventitia
had an “acute inflammatory cell infiltration.”'!!

“Occasionally there are macroscopic brownish ridges
or plaques on the inner surface of the aorta. The usual
lesions at the root of aorta are microscopic and situated
chiefly in the outer portion of the media and adventitia,
following the course of vasa-vasorum.”l'8! There is
infiltration with lymphocytes, neutrophils and Aschoff
bodies, edema, pronounced capillarization, scarring,
and disruption of elastica. Similar lesions are found
in the pulmonary artery and arteries elsewhere in the
body.[1831-33]

Kidneys

Findings mostly obtained at necropsy and by renal
biopsy indicate the presence of glomerulitis. Widespread
obliterating endarteritis of the medium and small renal
arteries is present in most patients, but does not result
in any clinical or laboratory abnormalities.3+35

Pulmonary lesions and serositis

The specificity of pulmonary lesions is not certain
since most patients who underwent autopsy were
complicated by the presence of pulmonary edema from
left ventricular failure.

The alveolar walls are thickened by proliferating
capillary endothelial cells and fibroblasts. The interstitial
tissue is thickened by edema and inflammatory cells.
Vascular lesions of the capillaries and small arteries
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consist of intimal thickening, hyaline thrombi, occasional
scarring or necrosis of the media and adventitia as well
as peri-adventitial cellular infiltration. Fibrinous or sero-
fibrinous pleural exudates, proliferative lesions, and
exudative lesions are seen but no Aschoff bodies.!83°l

Pleura, pericardium, and the peritoneum are lined
by a single layer of mesothelium. Mesothelium and
endothelium are derived from mesenchymal cells. They
differ from the epithelium since they contain vimentin
whereas epithelium contains keratin. Serofibrinous
exudates occur over the pleura, pericardium, and the
peritoneum and extend to underlying tissue. Abdominal
pain could be due to necrotizing arteritis of visceral
arteries or other vascular lesions. Healing occurs without
residual damage.37-40!

In summary, the histopathological data indicate
widespread focal vascular endothelial disease throughout
the body, though selectively.

Immunopathology

Immunopathological studies have been conducted in
relation to AN and the valvular tissue. The studies have
been summarized by Roberts et al.,* and Gulizia and
McManus. 3!

Aschoff nodules

AN which are the hallmark of rheumatic pathology are
not secondary to myocardial damage and are derived
from mesenchymal tissue. A typical lesion measures upto
10.68 + 0.06 x 102 mm? (mean area 9.43 + 0.87 x 102
mm?). AN contain 21% T lymphocytes, 13% macrophages,
four% “B” cells, fibroblasts, and giant cells. Of the T
lymphocytes, CD4+ cells and CD8+ cells are in a ratio
of 2.0. CD4+ cells could be from 70% to 100% and the
CD8+ cells from 0% to 30%. The dominant infiltrative
cells are the T lymphocytes and the macrophages. The
macrophages are not of muscle origin since they do not
stain with HHF-35 monoclonal antibodies (mabs) specific
for actin. The giant cells - owl eye and the Anitschkow -
are negative for myosin, myoglobin, and desmin. The
giant cells are positive for the presence of vimentin
which is of mesenchymal origin.'¥) The macrophages
express MHC antigens (HIA-DR+). Cytokine studies
indicate the production of tumor necrosis factor and
interleukin-1.* Thus, the presence of AN is useful in
identifying rheumatic inflammatory pathology but does
not indicate the presence of rheumatic myocarditis.

Valves

The mitral valve (MV) has been studied extensively.
There is an inflammatory process evident from the
VCAM-1 expression on the valve surface endothelium.
Further, CD4+ and CD8+ T lymphocytes localize over
the valvar endothelium as well as in the immediate sub-
endothelial layer. The T lymphocytes (both CD4+ and
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CD8+) adhere to and extravasate through the valvar
endothelium. The neovascularization of the diseased
valves is associated with the same phenomenon of T
lymphocytes adhering to and extravasating through the
endothelium of the newly formed blood vessels. !

Besides the T lymphocytes, macrophage like cells,
expressing class-Il MHC antigens (HLA-DR+) are present.*!
Antistreptococcal mabs (AS mabs) bind to valvar surface
endothelium and the immediate sub-endothelial
structures like elastin myofibrils and valvar interstitial
cells (VICs). The VICs react strongly with AS mabs. The
VICs do not react with mabs specific for myosin, actin, or
elastin. Anti-vimentin mabs stain cytoplasmic vimentin
exactly as the AS mabs. Pre-incubation of AS mabs with
purified vimentin ablates all valvar staining indicating
that the intermediate filament vimentin may be the main
target of AS mabs. AS mabs do not react with collagen3!
indicating that it is not the primary site of RF damage.

Other evidence for endothelial involvement

GAS infection results in suppurative and non-
suppurative disease manifestations. The two non-
suppurative manifestations are acute RF and acute
glomerulonephritis (GN). An immunological basis for
pathogenesis has been widely accepted for both non-
suppurative manifestations.

Pathology of acute GN indicates that the disease is
completely confined to the renal glomeruli.[*?l An
afferent arteriole divides into a capillary network to
form the glomerulus. The capillary network is a mass
of endothelial cells attached to a basement membrane
[Figure 3]. Hence, in acute GN, the immunological
damage is localized to the endothelial cells and the
underlying basement membrane of the glomeruli without
involving other endothelial cells either in the kidneys
or elsewhere.*?l Although the association is rare, a post-
mortem study found acute GN in 2.5% of 117 patients
of acute RF.34

In RF, the permanent damage is confined to the
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Figure 3: (a) Glomerulus in acute glomerulo-nephritis (acute GN);
(b) diagrammatic portrayal of glomerulus. af = afferent arteriole
divides into the capillary network forming the glomerulus; ef =
efferent arteriole
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cardiac valves. The MV develops from the wall of the
left ventricle.*3] Excavations appear in the wall of the
Primitive ventricle to divide it into an inner component
and the outer part. The inner component matures into
three parts of the MV - superiorly the leaflet, the middle
segment becoming chordae, and the lower part remaining
as the papillary muscle. As such, the total MV is derived
from the wall of the left ventricle [Figure 4]. The outer
part matures as the wall of the left ventricle. The mitral
leaflet consists of a central core of connective tissue,
derived from the left ventricle, covered on both sides by
endothelium. It has no muscle tissue and no blood vessels.

As of today, information is not available comparing the
proteomics of the mitral core connective tissue and that of
the intermyocardial connective tissue of the left ventricle.
Since the mitral leaflet is derived from the left ventricle,
it is logical to believe that the mitral core connective
tissue may be identical to the intermyocardial connective
tissue of the left ventricle. If this assumption is correct
(needs to be proven by proteomic studies) and the fact
that intermyocardial connective tissue of the left ventricle
is not involved in RF, one can conclude that the site of
rheumatic MV damage cannot be the core connective
tissue but the two layers of endothelium. It seems logical,
therefore, to accept that in both the non-suppurative
manifestation of GAS infection, the site of disease damage
are the endothelial cells - glomerular in GN and valvar
in RF [Figure 5]. This is reinforced by the involvement of
vasa vasorum, composed of single-layer endothelial cell
channels in arterial walls, as strong evidence in favor of
endothelial cells as being the primary target of RF damage.

The antigen

Pathogenesis of acute GN indicates that the streptococcal
M protein is not the antigen involved in causing the
disease.** Searching for the antigen utilizing renal
biopsies has narrowed down the possibility to pyrogenic
exotoxin B (SPE-B) as the most likely antigen responsible

PV Lv

Figure 4: Diagrammatic portrayal of stages in the maturation of the
left ventricle (LV) from the primitive ventricle (PV). Diverticulation
and undermining results in the separation of the leaflet (L), chordae
(C), and papillary muscle (PM) from the wall of the PV to form the
MV. Endocardial cushions (EC) do not contribute to MV
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for acute GN. In addition to the renal deposition of the
antigen (SPE-B), there is a specific antibody response to
the antigen in the convalescent sera from patients with
acute GN. It is thus possible that the streptococcal antigen
responsible for acute GN may be pyrogenic exotoxin B
(SPE-B).[*4 However, in the genomic studies of a strain
of S, zooepidermicus which resulted in an epidemic of
acute GN, the gene encoding SPE-B was absent.[*54] Thus,
even if SPE-B is involved in the pathogenesis of acute GN,
it cannot be the sole antigen responsible for acute GN.

Although both non-suppurative manifestations of GAS
infection are based on immunological perturbations,
there is a significant difference between the two diseases.
Acute GN occurs once and recurrences are very rare.
This suggests that the antigen responsible for acute GN
is probably single, stable, does not mutate, and gives
lifelong immunity. RF on the other hand is characterized
by recurrences, which suggest that either (i) the antigen
is strain specific, (ii) there is more than one antigen
capable of causing RF, or (iii) the antigen mutates to
result in a clone capable of inciting RF a second time.*"! If
either of these assumptions is correct, it would be difficult
to design a vaccine to prevent RF. Since mutations are
common and can occur over a short period, it is essential
that the antigen antibody complexes obtained from a
relatively large number of patients of acute RF be studied
to recognize the causative antigen and its variants. In
acute GN, renal biopsies have been utilized to obtain the
antigen antibody complexes.#+4¢! It should be possible
to use a similar approach using biopsied subcutaneous
nodules from patients with acute RF. Evidence for a direct
relationship between M protein as the causative antigen
for RF is not available.

Histopathological findings indicate widespread vascular
disease throughout the body. The immunological
findings suggest that RF predominantly damages the
vascular endothelium and mesothelium, which are
derived from mesenchymal cells. AN, the diagnostic

GAS Infection

Acute GN Acute RF

Confined to glomerulus Confined to valuves

|

Duplicate layer of EC in MV

EC network of capillaries

Figure 5: GAS infection results in two non-suppurative

manifestations, acute GN and acute RF. MV = mitral valve; LA =
left atrium; LV = left vetricle; EC = endothelial cells
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marker of rheumatic pathology, is also of mesenchymal
origin. The subendothelial and submesothelial tissues
are damaged since they get exposed from endothelial
damage. However, the subendothelial damage is to a very
limited depth and as such does not leave a permanent
sequelae.3

Most likely, the initial damage to the endothelium is due
to a humoral immune response, resulting in VCAM-1
being expressed on the endothelium. This is followed by
cellular immune response and damage through CD4+,
CD8+ T lymphocytes, and macrophages getting attached
to the valvar endothelium and migrating to the connective
tissue core.!'3#1 This sets up an inflammatory response.
The inflammation is accompanied by neovascularization
of the valve substance. The neovascularization results
in the appearance of additional endothelial surface,
providing more area which can get affected. A vicious
cycle of inflammation, neovascularization, and further
damage results in a scarred valve with permanent
damage.

Identification of the pathogenesis requires establishing
the causative antigen and the site of damage caused
by the immunological process [Figure 6]. The data
presented suggest that the site of disease appears to
be the valvar and vascular endothelium. The causative
antigen needs to be identified and cannot be assumed
to be GAS M-protein.

Endothelial heterogeneity

There are many unexplained features, if it is accepted
that RF is a disease of the endothelium. Kidneys and eyes
are rich in vascular supply. Why should evidence for
endothelial damage affecting the kidneys or the eyes be
absent? Features of endothelial damage-specific diseases
indicate that they have limited or focal distribution.8!
It is possible that the RF-induced damage to vascular
endothelium does not affect the kidneys or the eyes

Rheumatic fever

GAS in fection —_ Antigen (s)
Latent period ~—+ Immunological
l perturbations
RF ~ Site of disease

? Endothelium

Figure 6: GAS infection results in RF after a latent period. GAS
is responsible for the antigen(s); immunological perturbations
occur in the latent period. The site of disease appears to be
endothelial cells

Annals of Pediatric Cardiology 2012 Vol 5 Issue 2



because of the difference in composition and function of
the endothelium at these and other areas not presenting
with clinical findings.

Studies of endothelial diseases indicate that most
of them have a “focal nature of distribution” of
disease manifestations. Several examples explain this
endothelial heterogeneity. Diabetes mellitus results in
microangiopathy involving the kidneys and the retina
but promotes macrovascular atherosclerotic disease
of coronaries and cerebral vessels.*! In acute GN, the
disease is confined to the endothelium of the glomerulus
to the extent of excluding endothelial cells outside
the glomerulus even in the kidneys.[*?! Thrombotic
thrombocytopenic purpura is characterized by pathology
in every microvascular bed with the exception of the liver
and lungs.5%1 The congenital hypercoagulable state
exemplified by factor V Leiden predisposes patients to an
increased risk of venous but not arterial thrombosis.[5?
Thus, endothelial diseases do not have generalized
endothelial involvement but tend to be focal or have
limited distribution with specific clinical manifestations.
The RF manifestations are limited to the cardiovascular
system, joints, central nervous system, skin, and
subcutaneous tissue. The absence of involvement of
endothelial cells in other areas of the body can be
attributed to the endothelial cell “heterogeneity”.[8!

Apart from these examples, there are structural and
functional differences in endothelial cells depending
on the site studied. For example, in the vascular tree,
endothelial cells differ in size, shape, thickness, and
nuclear orientation. “The endothelium consists of a giant
mosaic of phenotypes. Indeed, it seems likely that at any
given point in time, there do not exist two phenotypically
identical endothelial cells in the human body. Thus, with
the exception of its anatomic location, there are few
unifying features of the endothelium. Endothelial cells
can be better defined by their ‘behavioral repertoire’
rather than their structure”.!53 The vascular endothelium
of lungs has gas exchange function and the glomerular
capillaries have the unique specific function of filtration
not present elsewhere. Even with respect to structure, it
seems that endothelial cells from different sites are also
structurally different. Proteomic analysis of a rat’s brain
and coronary microvascular endothelial cells indicates
differences not only in the protein composition of the
cells but also in expressed cytokines, growth-related
molecules, stress proteins, metabolic enzymes, and signal
transduction proteins.54

Further, the evanescent nature of many of the features
of RF can be attributed to the remarkable capacity of
endothelium to heal. The damaged endothelium gets
replaced by a new endothelium within days after any
injury anywhere in the body. Healed endothelium does
not show scars. A patch or device closure of an atrial
or ventricular septal defect gets endothelialized within
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a period of 4-8 weeks.5>%¢ Vascular anastomoses get
endothelialized quickly (within few weeks) and gross
evaluation of the endothelium may fail to identify the
site of anastomosis unless the adventitia is examined
to identify the site of sutures since there is no scar
formation in the endothelium. As such the endothelial
damage of RF gets repaired quickly and fast throughout
the body, leaving no trace of the disease except in the
heart. The valves are structurally unfortunate in having
a small core of connective tissue covered by two layers
of endothelium.

“Despite the diffuse collagen - vascular involvement, one
of the mysteries of the pathology of RF is the remarkable
tendency for the disease to heal rather than to scar the
tissues it affects with the exception of cardiac valves
(Stollerman).?8 Since the endothelium repairs itself very
fast, evidence for its damage will be lost very quickly.
The subendothelial damage is limited to a very little
depth hence scarring does not occur.”. Except the cardiac
valves all other manifestations - arthritis, subcutaneous
nodules, and chorea - heal with no evidence for residual
disease.

The fact that the pathological findings are related to
the endothelium and result in an inflammation of the
subendothelial issue to a limited depth is the basic reason
why RF does not leave evidence of scarring. Additionally
it seems that the damage related to RF occurs over a
brief period of limited duration. Why should an acutely
inflamed joint recover on its own, without treatment,
within 1-7 days time, leaving no evidence of damage?
The only plausible explanation would be that the
inflammation is confined to the synovial endothelium.
Since the endothelium recovers its integrity quickly,
features of acute inflammation, related to a limited
duration of rheumatic activity, subside leaving an
undamaged joint.

This attribute of endothelial cells has specific implications
in the study of the pathogenesis of RF. Each attack of RF
has a self-limiting course. Joints recover in 1-7 days;
erythema marginatum is evanascent, chorea has a self-
limited course, and subcutaneous nodules subside mostly
in about 6-8 weeks. Hence, it appears that RF probably
has a very limited duration of active stage during
which the immunological perturbations can be studied
for identifying the antigen responsible for the disease
manifestations. The clinical behavior of RF thus appears
to be identical to the limited duration of disease activity
(7-10 days) seen in acute GN, the other non-suppurative
manifestation of GAS infection.

A number of logical assumptions based on specific
findings are involved in suggesting that the primary sites
of damage in RF are the vascular and valvar endothelial
cells (and the basement membrane). For identifying
the initiating component, the antigens [Figure 6], in the
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pathogenesis and confirming that the second component
(site of disease) is the endothelium, planned pointed
research is necessary.

SUGGESTIONS FOR FURTHER RESEARCH

1.
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Since endothelium appears to be the primary site
of RF damage. It would be interesting to study the
endothelial function in patients with acute RF,
chronic rheumatic heart disease, and compare with
normals.

Obtain subcutaneous nodules from patients with
acute RF and study the antigen/antibody complexes,
as has been done with renal biopsies in acute GN, to
identify the antigen(s) responsible for RF.

Studies suggest that virulent clones of GAS organisms
present in the community emerge to cause RF.#7
Proteomic/genomic study of organisms (such as
M,, M;, or M,,) obtained from RF epidemics or RF
patients as compared to the same M type not causing
RF is necessary. What are the proteomic/genomic
differences between the virulent clone (causing
RF) as compared to the non-virulent organism (not
causing RF) which may help identify the antigenic
protein(s)/glycoprotein(s).

Proteomic composition of the MV core connective
tissue to be compared with the proteomic composition
of the left ventricular intermyocardial connective
tissue. If they are identical, it would indicate that the
primary site of disease in the MV cannot be the core
connective tissue since it is not involved in the left
ventricle. By exclusion, the primary site becomes the
endothelial layers with their basement membranes.
Study of the MV to find out the presence or absence
of myosin. Since permanent damage occurs only
to valves, the absence of myosin will reinforce the
futility of pursuing studies involving myosin.
Evaluation of the intermediate filament and protein
vimentin and the valve interstitial cells as the specific
targets of streptococcal antigen. Valve interstitial
cells react strongly with AS mabs. Antivimentin
mabs stain cytoplasmic vimentin exactly as AS mabs.
Pre-incubation of AS mabs with purified vimentin
ablates valvar staining, suggesting that vimentin or
valve interstitial cells may be the specific target in
RF immunological damage."?!

Cardiac valves are lined by endothelial cells on both
sides. Studies indicate differences not only from
the vascular endothelial cells but also between the
two sides of the valve surface. Using microarray
technology, adult pig aortic valves have been found to
differentially express 584 genes on the aortic side as
compared to the ventricular surface.’” The difference
has been felt to explain preferential calcification of
the aortic surface of the valve. Hence, it cannot be
assumed that the endothelial cells covering the two

sides of the MV, the endothelial cells of the left

atrium and of the left ventricle, continuous with the

endothelium of the MV are identical in structure and

function. It is necessary to study them separately.

Proteomics of the endothelial cells of the

(i) left atrial endocardium, (ii) left ventricular
endocardium, (iii) atrial surface of the MV, (iv)
ventricular surface of the MV.

8. Proteomics as well as genomic studies of streptococci
have been done.®59 The studies can be utilized
as reference for further studies of pathogenesis
especially in relation with streptococci obtained from
RF patients to identify specific differences which may
help in identifying the causative antigen(s).
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