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Pathological value of lysozyme staining for renal sarcoidosis
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Sarcoidosis is a systemic inflammatory disease of unknown eti-
ology. Besides kidneys, multiple organs including the lungs,
skin, heart, eyes and lymph nodes are affected with or without
granulomatous formations. Diagnosis of sarcoidosis is often dif-
ficult because of its few clinical symptoms and a low detection
rate of granulomas in the tissue. Even the pathological finding
of granulomas cannot directly connect to the diagnosis, as it
can be found in other inflammatory diseases. Kidney biopsy
specimens of renal sarcoidosis show interstitial fibrosis and tu-
bular atrophy with mononuclear cell infiltrations. In most cases,
these findings cannot provide adequate diagnostic information
because the etiology of tubulointerstitial nephritis (TIN) is di-
verse: infections, drugs, toxins, autoimmune diseases and other
factors induce tubular damage as well. Among the pathogenesis
of TIN, sarcoidosis could be one of the most underdiagnosed
afflictions because of its variety of symptoms and its slow

progression of the disease. Therefore, reliable diagnostic tools
are required.

Some laboratory measurements that include high serum cal-
cium, angiotensin-converting enzyme and lysozyme levels are
helpful for approaching the diagnosis [1]. Lysozyme is a glyco-
side hydrolase that catalyzes peptidoglycans on bacterial cell
walls resulting in antibacterial activity [2]. In sarcoidosis,
monocytes/macrophages are known to be a key effector of dis-
ease activity, and lysozyme is produced by these cells [3, 4].
Once in the serum, circulating lysozyme is filtrated in the glo-
meruli and reabsorbed in the proximal tubules, where lysozyme
is digested within lysosomes [5]. It is well known that chronic
myelomonocytic leukemia (CMML), a hematologic disorder of
clonal monocytes, shows a high serum lysozyme level that indu-
ces severe TIN with swollen proximal tubules containing a large
number of lysosomes and a strongly positive lysozyme [6, 7]. In
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CMML, accumulated lysozyme in the proximal tubules induces
tubular damage that is recognized as lysozyme-induced ne-
phropathy [8]. Based on these findings, we hypothesized that
TIN in sarcoidosis could be the same mechanism as is found in
CMML kidney injury. Excessive lysozyme reaching proximal
tubular cells may play an essential role in the pathogenesis of tu-
bular injury in sarcoidosis.

Forty-three kidney biopsy specimens diagnosed as TIN col-
lected at the Japan Health Care Organization Sendai Hospital
were stained with antilysozyme antibody. The etiology of TIN
included sarcoidosis (n¼ 6), CMML (n¼ 1), idiopathic (n¼ 9),
drug-induced (n¼ 12), ischemic kidney injury with nonspecific

infiltrate in the fibrotic areas (n¼ 9), tuberculosis (n¼ 1), light
chain deposition disease (n¼ 1), Sjögren’s syndrome (n¼ 1),
immunoglobulin G4 (IgG4)-related disease (n¼ 1), cast ne-
phropathy (n¼ 1) and aristolochic acid–related TIN (n¼ 1)
(Figure 1A). Among them, 10 cases were lysozyme positive in
proximal tubular cells: 6 cases of sarcoidosis [6/6 (100%)], 1 case
of CMML [1/1 (100%)] and 3 cases of idiopathic TIN [upper
panels of idiopathic TIN in Figure 1A; 3/9 (33%)]. Lysozyme
stains were blunted in the other TIN specimens. In CMML, a
strong lysozyme stain in the proximal tubules was observed that
is compatible with previous studies in both humans and rats [7,
9]. Although staining intensity was not as strong as CMML, all

FIGURE 1: (A) Kidney specimens of 43 TIN patients stained with antilysozyme antibody. Magnification �100. (B) Electron microscopy
images of tubular epithelial cells in CMML, sarcoidosis and IgG4-related disease. Magnification �3000.
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six sarcoidosis specimens showed mild to moderate lysozyme
stains in the proximal tubules in the same manner as CMML.

Serum lysozyme levels were measured in 39 of 43 partici-
pants (Figure 2). Patients with positive lysozyme stains (black
circle) showed higher serum lysozyme concentrations com-
pared with those with negative stains (gray circle) (P< 0.005),
suggesting that circulating lysozyme level could associate with
renal tubular lysozyme. In sarcoidosis, the serum lysozyme level
increased slightly but not as much as that of CMML. These
results may explain the difference in the intensity of lysozyme
staining in kidney tubular cells; strong lysozyme staining in
CMML and weak in sarcoidosis could be the result of the
amount of lysozyme flowing into the proximal tubules. In elec-
tron microscopy, an increased number of enlarged electron-
dense lysosomes were present in the cytoplasm of proximal
tubules in CMML and sarcoidosis; however, these changes were
absent in IgG4-related renal disease (Figure 1B). Although these
changes are not specific for lysozyme-induced tubular injury,
enlarged proximal tubular lysosomes are common in CMML
nephropathy [6, 8]. It is known that proximal tubular cells ab-
sorb lysozyme via endocytosis to degrade in lysosomes [10, 11].
We think that lysosomes in the proximal tubular cells were
processing overloaded lysozyme both in CMML and sarcoido-
sis. Lysozyme-induced nephropathy is the cause of severe inter-
stitial nephritis in CMML, but the same mechanism may
explain the pathogenesis of renal sarcoidosis despite mild to
moderate severity compared with CMML. The mechanisms of
renal impairment in sarcoidosis have been thought to result
from hypercalcemia or granulomatosis [12]; however, our find-
ings suggest that lysozyme-induced tubular damage could be a
main cause of TIN in sarcoidosis.

In this study, three idiopathic TIN cases were lysozyme posi-
tive in spite of lacking characteristic symptoms of sarcoidosis.
The etiology of these three cases is unknown, suggesting that
lysozyme staining is not specific for renal sarcoidosis. However,
it cannot be denied that these three patients were in an early or
stable period of renal sarcoidosis because two of the three cases

demonstrated slightly elevated serum lysozyme concentrations
(Figure 2). The severity and activity of disease are important for
assessing pulmonary sarcoidosis, of which pathological findings
vary according to stages, whereas there is no clear strategy to
determine the severity of renal sarcoidosis. Lysozyme stains
were positive in these idiopathic TIN cases, but their intensities
were faint. We expected that mild lysozyme stain may detect
potential renal sarcoidosis.

Active tuberculosis is known to show increased serum lyso-
zyme levels and TIN could be observed as a renal involvement
[13, 14]. In this study, lysozyme stain was negative in one case
of TIN with tuberculosis. However, we do not have serum lyso-
zyme data for this patient. If an excessive amount of lysozyme
acts as an antibacterial agent against tuberculosis, lysozyme-
induced tubular injury could be a cause of tuberculosis-
associated TIN. Further studies are necessary to conclude
whether lysozyme staining could be helpful for diagnosing
tuberculosis-associated TIN.

A limitation of this study is the small sample number.
Lysozyme staining is positive in all six sarcoidosis cases, but we
cannot conclude that renal sarcoidosis always shows the same
result. Furthermore, being lysozyme positive is not specific for
sarcoidosis, as we have shown positive cases in CMML and idi-
opathic TIN, indicating that being lysozyme positive is not di-
rectly connected to renal sarcoidosis. However, given that most
TIN cases revealed negative lysozyme staining in this study, we
believe our approach could be effective to extract renal sarcoid-
osis from pathologically diagnosed TIN diseases.

In conclusion, we demonstrated the effectiveness of lyso-
zyme immunohistochemistry for diagnosing renal sarcoidosis.
This method can help with the detection of underdiagnosed
sarcoidosis.
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