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Light Chain Restriction in Proximal Tubules—Implications for Light Chain Proximal Tubulopathy
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Monoclonal gammopathy (MG) causes various nephropathies, which may suffice for cytoreductive therapy even in the absence of diagnostic criteria for multiple myeloma or B-cell non-Hodgkin lymphoma. The aim of this study was to better understand the significance of light chain (LC) restriction or crystals (LC-R/C) in proximal tubules in the spectrum of LC-induced nephropathies. A consecutive cohort of 320 renal specimens with a history of B-cell dyscrasia was characterized. Special attention was paid to immunohistochemical LC restriction in proximal tubules, tubular crystals or constipation, and ultrastructural findings. Complementary cell culture experiments were performed to assess the role of LC concentrations in generating LC restriction. Light chain restriction or crystals in proximal tubules was found in a quarter of analyzed cases (81/316) and was associated with another LC-induced disease in 70.4% (57/81), especially LC cast-nephropathy (cast-NP) and interstitial myeloma infiltration. LC restriction without significant signs of acute tubular injury was observed in 11.1% (9/81). LC-R/C was not associated with inferior renal function compared to the remainder of cases, when cases with accompanying cast-NP were excluded. Besides crystals, cloudy lysosomes were significantly associated with LC-R/C on an ultrastructural level. In summary, LC-R/C is frequent and strongly associated with cast-NP, possibly indicating that a high load of clonal LC is responsible for this phenomenon, supported by the observation that LC restriction can artificially be generated in cell culture. This and the lack of significant tubular injury in a subgroup imply that in part LC-R/C is a tubular trafficking phenomenon rather than an independent disease process.
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INTRODUCTION

In the past few years, “monoclonal gammopathy of renal significance (MGRS)” and especially its implications for prognosis and cytoreductive therapy have come into the focus of interest. In a large United States cohort, the prevalence of MG of undetermined significance (MGUS) was 4.2% with some renal diagnosis in 23% of cases (1). Renal disease in patients with MG or multiple myeloma (MM) is associated with an inferior prognosis (2), which can be improved by timely chemotherapeutic reduction of light chains (LCs) (3). Moreover, reduction of free LC in patients with MM is associated with better renal recovery, which associates with improved patient survival (4, 5).

Monoclonal gammopathy is associated with a variety of renal injuries involving the glomeruli, such as amyloidosis, monoclonal immunoglobulin deposition disease (MIDD), membranoproliferative glomerulonephritis (MPGN) or LC-induced C3 glomerulopathy, and also the tubular apparatus (6, 7), such as LC cast-nephropathy (cast-NP) (8). In the recent years, several studies focused on LC proximal tubulopathy (LCPT), which shows LC restriction, crystals, and/or signs of constipation in proximal tubular epithelial cells (9–12). Up-to-date, it is unclear whether LCPT is a clear-cut indication for cytoreductive therapy (7, 12) and whether LC restriction is a pathogenic event per se, indicating a genuine tubulopathy or whether it just indicates a trafficking/reabsorption mechanism (7, 13) due to high amounts of LC filtered in the glomerulus in MG. This causes insecurity in the daily routine of a nephropathologist, of whether to diagnose immunohistochemical findings associated with LCPT, namely, LC restriction or crystals (LC-R/C), as MGRS or to interpret it as an epiphenomenon of MG. Moreover, few systematic analyses on ultrastructural findings have been performed with regard to renal biopsies with LC restriction.

In this study, a consecutive cohort of patients with either a history of MG, MM, or other mature B-cell non-Hodgkin lymphoma (BNHL), or a diagnosis of LC-associated nephropathy in renal biopsy was evaluated to better understand the clinical and pathological context, in which LC restriction occurs. The aim of this study was to elucidate the significance of morphological findings typical of previously reported cases of LCPT, in particular LC restriction in proximal tubules in the setting of B-cell dyscrasia-induced nephropathies and to characterize associated ultrastructural findings.



MATERIALS AND METHODS


Selection and Histological Assessment of the Cohort

Consecutive cases of a period of 23 months were retrieved from the files of the Department of Nephropathology, Friedrich–Alexander University Erlangen–Nüremberg, when fulfilling one or more of the inclusion criteria for B-cell dyscrasia (Supplementary Table 1): MG, MM, BNHL, and LC-associated nephropathy. In 35 patients, no clinical history of B-cell dyscrasia was reported, but biopsies were included, since a LC-associated nephropathy was diagnosed histologically. The retrospective analysis of archived renal biopsies was approved by the local ethics committee (reference number 4415).

Accordingly, 320 renal specimens (318 biopsies and 2 resection specimens) were selected from 315 patients and sections [stained with H&E and periodic acid–Schiff (PAS) reagent] were reevaluated by an experienced nephropathologist (MBH). Immunohistochemical stainings with antibodies specific for immunoglobulin A (IgA), immunoglobulin G (IgG), immunoglobulin M (IgM), C1q, C3 (all polyclonal, Dako, Glostrup, Denmark, Code No. IgA A0262, IgG A0423, IgM A0425, C1q A0136, and C3c A0062) were performed on formalin-fixed and paraffin-embedded (FFPE) material with current standard methods after digestion with protease from Streptomyces griseus (Sigma-Aldrich, Munich, Germany, Product No. P5147) on the Ventana Benchmark stainer (Basel, Switzerland). LC stainings were either performed with polyclonal rabbit antibodies supplied by Dako (Glostrup, Denmark, Code No. kappa A0192 and lambda A0194) or after 2013 antibody cocktails were used for detection of kappa (Dako, Glostrup, Denmark and Epitomics, Hannover, Germany, Cat. No. AC-0149) and lambda (Dako, Glostrup, Denmark, and Monosan, Am Uden, Netherlands, Cat. No. MONX10620) LC after antigen retrieval by heating with CC1 target retrieval buffer (Ventana, Basel, Switzerland, Cat. No. 950-124).



Clinical Data

Clinical data was collected from files accompanying the renal biopsies. In two cases, MG was reported at a later time, both not showing signs of LC-R/C. Results of further hematologic workup after renal biopsy were not available. Categories of underlying disease (Supplementary Table 1) were established based on the diagnosis of mature BNHL (other than MM), MM, MG, or no established diagnosis (no information or mere suspicion of MG).

For proteinuria and hematuria, scoring systems were established (Supplementary Table 1) to achieve comparability between cases reported in different units. If glomerular filtration rate (GFR) was not reported, it was estimated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation, whenever possible. Nephrotic syndrome was indicated as present, when reported or when the following criteria were met: serum albumin <30 mg/l, proteinuria >3.5 g/day (in 24-h urine or total protein-to-creatinine ratio on random urine specimen), and peripheral edema.



Scoring of Histological Sections

Acute tubular injury (ATI) was scored semiquantitatively according to the percentage of cortical tubules with signs of ATI (0: no/minimal; 1: <25%; 2: 25 to <50%; 3: 50 to <75%; and 4: ≥75%). Intensity of LC staining in proximal tubular epithelial cells was scored semiquantitatively (0: negative; 1: mild; 2: moderate; and 3: strong reactivity). A significant predominance/restriction for a LC was postulated when ≥2 orders of intensity differed between the two LCs in the proximal tubular compartment; based on the observation that in unequivocal cases of LCPT with crystals or constipation, this difference was also repeatedly observed in the present cohort. Interstitial fibrosis/tubular atrophy (IF/TA) was rated in steps of 5%. Total numbers and numbers of globally sclerosed glomeruli were retrieved from the pathological reports.



Evaluation of Semithin and Ultrathin Sections

In all the available cases, material processed for ultrathin sections (n = 275) was assessed by electron microscopy (EM) with particular attention to the presence of lobulated or angular lysosomes, lysosomes with mottled appearances, myelin bodies, cloudy lysosomes, lysosomes >2 μm in largest diameter, crystals, substructures in crystals, or fibrils in ultrathin sections (all as yes/no). Semithin section in cases with LC-R/C was evaluated for the presence of crystal or constipation (yes/no).

A total of 37 cases of native kidney biopsies without a known history of MG or other B-cell dyscrasia in the submitted files and without LC restriction in immunohistochemistry were selected as controls for EM findings.



Cell Culture Experiments

Native human kappa (Biorad PHP280) and lambda (Biorad PHP281) LCs were labeled using CF598 and CF488 (Biotium 92,216 and 92,213) protein labeling kits according to manufacturer’s instructions. Efficiency of labeling was determined by measuring absorbance at 280, 488, and 590 nm and ranged between 0.7 and 0.9. Primary human proximal tubular epithelial cells (Cell Biologics, Chicago, United States) were plated on collagen-coated glass cover slides. On the next day, cells were stimulated with 5 or 50 μg/ml of κ LC-CF©598 and λ LC-CF©488 at ratios of 1:10, 10:10, or 10:1 in duplicates. After 24 h, cells were fixed, washed, and mounted in VECTASHIELD mount with 4’,6-diamidino-2-phenylindole (DAPI) (Vector Laboratories, Burlingame, United States). The experiment was repeated twice. Images were taken at 20X magnification [5 field of view (FOV) per slide] using a Zeiss LSM 710 confocal microscope and ZEN 2009 program (Carl Zeiss, Oberkochen, Germany). LC levels were determined as pixels above threshold relative to cell number (Fiji, U. S. National Institutes of Health, Bethesda, United States).



Statistical Analysis

Statistical analyses were performed using Statistical Package for the Social Sciences (SPSS) for Windows (version 24 SPSS, IBM Incorporation, Munich, Germany). For the comparison of the five groups Kruskal–Wallis tests were used and post hoc testing with the Bonferroni correction. When two groups were compared, the Mann–Whitney U test was employed. For comparison of nominal parameters cross-tabulation, the chi-squared test was performed. If expected values in 2 × 2 cross-tabulation were <5, the Fisher’s exact test was chosen. Post hoc testing for cross-tabulation with more than 1 degree of freedom was performed, as published previously by Beasely et al. (14). Test results were considered as statistically significant, if p-values were <0.05.




RESULTS


Patients’ Characteristics and Renal Diagnoses

Clinical characteristics, general histological findings, and diagnoses are shown in Table 1. A total of 320 tissue specimens of 315 patients were analyzed with an age range of 27.7–87.4 years (median: 69.2 years) and a gender distribution of 1:1.37 (female:male). Cast-NP was the most frequently diagnosed LC-associated nephropathy (n = 68), followed by AL amyloidosis (n = 58) and MIDD (n = 16). Interstitial myelomatous infiltration was found in seven renal specimens and infiltration by another mature BNHL was found in 12 renal specimens.


TABLE 1. Clinicopathological characteristics of the cohort.

[image: Table 1]


Strong Association of LC-R/C With Interstitial Myelomatous Infiltration, Cast-NP, and a Clinical History of MM

Light chain restriction or crystals/constipation by light microscopy (LM) was found in 81 biopsies (78 with LC-R and 3 with crystals in EM, but no LC-R), further referred to as LC-R/C.

Significant overlap existed of LC-R/C cases with other LC-related nephropathies (Figure 1A) with 70.4% (57/81) of LCPT cases being associated with another LC-associated nephropathy. Namely, 85.7% (6/7) of cases with interstitial myelomatous infiltration showed LC-R/C, 69.1% (47/68) of cases with cast-NP, and much smaller numbers of cases with AL amyloidosis (12.1%, 7/58) and MIDD (12.5%, 2/16). One case was associated with C3-dominant glomerulonephritis (GN), in which it was not to decide whether a LC-associated C3 glomerulopathy or infection-related GN was causative. No association of LC-R/C with any other GN or thrombotic microangiopathy, which has been described in the context of MG, was observed. No case of LC-R/C was accompanied by renal infiltration of a BNHL other than myeloma. The vast majority of LC-R/C cases was associated with a clinical history of MG (48.1%, 39/81) or MM (40.7%, 33/81), whereas no previous diagnosis of B-cell dyscrasia was reported in 11.1% (9/81). No association of LC-R/C with a history of BNHL or MM and BNHL was documented (Figure 1B).
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FIGURE 1. Overlap of light chain restriction or crystals (LC-R/C) with other LC-associated nephropathies and association with preexistent clinical diagnosis. (A) Strong overlap was observed between LC-R/C and cast-nephropathy (cast-NP) as well as interstitial myelomatous renal infiltration. Overlap with AL amyloidosis and monoclonal immunoglobulin deposition disease (MIDD) was much less conspicuous. *One case with suspicion of cast-NP is included in the 24 cases. (B) Association of the diagnosis of LC-R/C with clinical information on B-cell dyscrasia at the time of biopsy. In 48.1% of cases, MG was already known at the time of renal biopsy and in another 40.7% of cases, multiple myeloma was already diagnosed. No association with BNHL was observed. (no = MG not reported/only suspicion of MG; MG = monoclonal gammopathy, MM = multiple myeloma, BNHL = B-cell Non-Hodgkin lymphoma, MM&BNHL = multiple myeloma and B-cell Non-Hodgkin lymphoma).


The association of LC-R/C with renal function, pathology, and clinical findings depending on the presence or absence of cast-NP is given in Table 2. The association of LC-R/C with cast-NP was significant (p < 0.001) as was the association with MM infiltration in the kidney compared to cases with no lymphomatous or myelomatous infiltration (p = 0.002). Comparing all the cases with and without LC-R/C, cases with LC-R/C were associated with a history of MM compared to a history of MG (p = 0.001), inferior renal function (lower GFR and higher creatinine), and higher ATI scores (all p < 0.001). Except for the association with a history of MM compared to a history of MG (p < 0.001), this effect, however, completely vanished when excluding all the cases with cast-NP (all p > 0.05). Moreover, presence or absence of LC-R/C within the group of cast-NP had no influence on renal function (i.e., GFR, creatinine) or ATI (all p > 0.05) and was only significantly associated with a history of MM (p = 0.02), too.


TABLE 2. Association of cast-NP with light chain restriction or crystals (LC-R/C) and renal function.

[image: Table 2]


Light Microscopy and Immunohistochemical Findings in Cases With LC-R/C

Out of 316 kidney specimens evaluated by LM (Figure 2A), LC immunohistochemistry (313, Figures 2B,C), and EM (275, Figure 3), 81 kidney specimens (25.6%) showed LC-R (Figures 2B,C), negativity for both the LCs in constipated epithelia (n = 1, Figures 3A–D) and/or cytoplasmic crystals by LM or EM (Figure 3), referred to as LC-R/C.
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FIGURE 2. Light microscopy and immunohistochemistry of cases with LC-R/C. (A) Five patterns of LC-R/C were defined on morphological grounds, including the no acute tubular injury (ATI) group with LC restriction and no more than mild signs of ATI, the ATI group showing more than mild signs of ATI, the constipative type 1 (constipative1) group showing pale and distended epithelia, a group with crystalline inclusions, which in some cases was associated with constipation and a second constipative type 2 (constipative2) group, characterized by distended epithelia with prominent granulation [all the sections stained by periodic acid–Schiff (PAS) reaction]. (B) Examples of LC restriction in kappa (κ) and lambda (λ) immunohistochemistry. LC restriction was diagnosed when ≥2 orders of intensity difference were observed between the two light chains, i.e., score 0 and 2 (top) or 3 or score 1 and 3 (bottom). (C) LC restriction in a case of constipative type 2 LC-R/C showing a “flower”-like accentuation of the staining at the basolateral aspect of the involved epithelia. Light microscopic pictures were taken with an AxioCam MRc and an Axio Imager A1 microscope (Zeiss, Germany). Scale bars as indicated. κ = kappa-light chain immunohistochemistry, λ = lambda-light chain immunohistochemistry.
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FIGURE 3. Constipation and crystals observed in cases of LC-R/C. (A–D) Crystalline LC-R/C characterized by a subgroup of proximal tubular epithelial cells constipated with PAS-negative material [(A), arrow], which in toluidine blue-stained semithin sections shows intracytoplasmic crystals (B) and a negativity for both the light chain stainings in the constipated area of the epithelial cell [(C,D), arrows], whereas apical protein resorption vacuoles show no LC restriction. (E) Toluidine blue-stained semithin section of a case with needle-shaped intraepithelial crystals and (F) needle-shaped crystals in electron microscopy. (G) Crystals of rhomboid and (H) polyhedric shapes, with the latter showing sharp edges and cracks in electron microscopy. (I) Lattice-like substructure in a cytoplasmic inclusion, which was also interpreted as a characteristic of the crystalline LC-R/C group. (J) Toluidine blue-stained semithin section of a case with tubular constipation showing ballooned epithelia filled with homogenous, pale intracytoplasmic material and nuclei dislocated to the cell borders (K,L). In some cases, the constipated tubular epithelial cells were found to contain “cloudy,” amorphous material in their cytoplasm. Light microscopic pictures were taken with an AxioCam MRc and an Axio Imager A1 microscope (Zeiss, Germany). Electron microscopic pictures were taken with a Leo912 electron microscope (Zeiss, Germany). Scale bars as indicated. PAS, periodic acid-Schiff; EM, electron microscopy; κ, kappa-light chain immunohistochemistry; λ, lambda-light chain immunohistochemistry.


In our cohort, five different morphologic patterns of LC-R/C were identified by LM when taking into account morphological observations and previously published patterns of injury (9) (Figure 2A): (i) no ATI: ATI scores 0–1 (9/81, 11.1%); (ii) ATI: with signs of ATI (score ≥ 2) only (55/81, 67.9%); (iii) constipative type 1 (constipative1): ballooned tubular epithelia filled with pale amorphic material or PAS-negative or mildly positive material (3/81, 3.7%); (iv) crystalline: with intraepithelial crystals accompanied by abovementioned signs of constipation in 4 of 8 cases (8/81, 9.9%); and (v) constipative type 2 (constipative2): showing few or single tubules with prominent granulation (PAS variably positive) distending the epithelia with a “flower”-like accentuation at the basal aspect of the epithelia in LC immunohistochemistry (Figure 2C, 6/81, 7.4%). In the latter, in 1 of 6 cases, LC predominance was only restricted to the constipated tubules.

Looking at all the LC-R/C cases, LC restriction was lambda in 59.3% (48/81) and kappa in 37% (30/81) (Table 3). In three cases with cytoplasmic crystals (3.7%, 3/81), LC restriction was missing. In one of those cases, an atypical staining pattern was present, in the sense that both the kappa- and lambda-LC immunohistochemistry were negative in the constipated tubular epithelial cells filled with crystals (Figures 3A–D). In the other two cases, LM and LC immunohistochemistry were both unremarkable, with either no or only mild signs of ATI. However, in EM, single intraepithelial crystals were found in tubular epithelial cells, so that both the cases were included in the group of crystalline LC-R/C.


TABLE 3. Comparison of subdivided LC-R/C cases.
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Comparison of LC-R/C Subtypes With Regard to Clinical and Pathological Findings

Acute tubular injury type was by far the most prevalent subtype (55/81, 67.9%, Table 3). No significant differences were found between the five subgroups of LC-R/C with regard to age, gender distribution, and the occurrence of diabetes or arterial hypertension. Comparing no ATI, which was defined by the lack of significant ATI (ATI score 0 or 1), with the other groups, no ATI was associated with better renal function with regard to GFR and serum creatinine. This observation reached statistical significance when compared to ATI-type LC-R/C (both p < 0.001, Table 3). Constipative2 LC-R/C was significantly associated with the presence of nephrotic syndrome (p < 0.001). No significant differences between the groups were observed with regard to proteinuria and hematuria. The vast majority of LC-R/C cases were associated with a history of MG (39/81, 48.1%) or MM (33/81, 40.7%) at the time of biopsy (Table 3). In the constipative2 group only, 1/6 cases were associated with a history of MM, whereas in 50% (3/6), no diagnosis of B-cell dyscrasia was reported. This observation, however, was not significantly different from the other groups. In all the 81 LCPT, lambda LC by immunohistochemistry was more prevalent than kappa LC (kappa:lambda = 1:1.6); in the constipative1 (3:0) and crystalline group (4:1), kappa LC was predominant. In constipative2, the majority of cases were positive for lambda-LC (1:5). These associations did not reach statistical significance, presumably due to the relatively small numbers of cases (Table 3). According to the definition of the no ATI subgroup, ATI scores were lower in this group than in the other groups reaching significance for the comparison to ATI (p < 0.001) and constipative1 (p = 0.042, Table 3). The ATI group was significantly associated with the presence of cast-NP (p < 0.001) and no ATI and constipative2 with the absence of cast-NP (p = 0.001 and 0.03, respectively). Constipative2 was significantly related to the presence of amyloidosis (p < 0.001) and ATI to the absence of amyloidosis (p < 0.001, Table 3). ATI was the only group in which myelomatous infiltration in the kidney was observed, which was statistically not significant (Table 3). No significant differences were observed between the groups when considering renal scarring (glomerulosclerosis and IF/TA).

Two cases were included in the crystalline subgroup for the presence of only very few intracytoplasmic crystals in EM, but did not show LC restriction by immunohistochemistry. Both the cases had no significant signs of ATI (scores 0 and 1). One was associated with a better renal function than the other cases with crystalline LC-R/C with a GFR of 85.2 ml/min/1.73 m2 and a serum creatinine of 0.8 mg/dl.



Ultrastructural Characteristics of Renal Specimens With LC-R/C

In order to assess the ultrastructural findings associated with LC-R/C, ultrathin sections of all the cases of the cohort with available material were evaluated and findings were compared with those in the control cohort of 37 patients without reported history of B-cell dyscrasia and without LC restriction as assessed by immunohistochemistry. The study cohort was divided according to the presence or absence of signs of LC-R/C (Figure 4). The presence of intraepithelial fibrils, in general or exclusively intralysosomal, of lysosomes with mottled appearance or angulated or lobulated contours or of myelin bodies were not significantly associated with the presence of LC-R/C (Figure 4). In fact, lysosomes with mottled appearance were even more common in the control cases (p < 0.001) and least common in cases with no LC-R/C, but a history of B-cell dyscrasia (p = 0.002). As defined, crystals and substructures were only present in the LC-R/C group and in statistical analysis, they were significantly associated with LC-R/C (p < 0.001 and p = 0.001, Figures 3E–I, 4). Another feature significantly associated with LC-R/C was the presence of lysosomes filled with a cloudy, amorphous material (p = 0.008, Figures 3J–L, 4), a finding not observed in the no LC-R/C group or controls. Particularly, large lysosomes with a maximum diameter >2 μm were not a characteristic of LC-R/C, but were most frequent in the control cases (p = 0.03) and least common in the no LC-R/C cases (p = 0.022, Figure 4). When comparing the 37 controls with cases with LC-R/C, the presence of crystals and substructures (as defined) or cloudy lysosomes were only found in cases with LC-R/C. These differences did, however, not reach statistical significance (all p > 0.05). Differences were significant when comparing the LC-R/C cases with the no LC-R/C cases (crystals p < 0.001, substructures p = 0.004, and cloudy lysosomes p = 0.017).
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FIGURE 4. Comparison of cases with LC-R/C, without LC-R/C (no LC-R/C), and of controls unrelated to the cohort (controls) with regard to ultrastructural findings. At the left, examples of the analyzed ultrastructural finding are depicted. From top to bottom: crystalline inclusions; lattice-like substructure in an crystalline inclusion; fibrils (intracytoplasmic or intralysosomal); intralysosomal fibrils only, lysosomes with mottled appearance, lysosomes with lobulated or angulated contours, cloudy lysosomes, myelin bodies, and largest lysosome with a maximum diameter >2 μm. In the middle, the percentages of cases with the respective finding in the groups are indicated and below numbers of positive and negative cases (yes/no). At the right, results of cross-tabulation are indicated, showing significant differences.




Induction of LC Predominance in Human Tubular Epithelial Cells by Variation of LC Ratios

The significant association of LC-R/C with myeloma history and infiltration as well as cast-NP might indicate that high loads of one as compared to the other LC are relevant for the phenomenon of LC predominance/restriction in tubular epithelial cells. To test this hypothesis, we incubated primary human proximal tubular epithelial cells with fluorescence-labeled kappa- and lambda-LC at different ratios, to test whether a quantitative change in LC would be reflected in the intratubular storage of LC. Accordingly, the titration of kappa:lambda LC at ratios of 10:1; 10:10, and 1:10 leads to a predominance of the respective LC added at the higher concentration in the tubular epithelial cells after an incubation period of 24 h (Figure 5A), supporting the hypothesis that LC restriction can be generated by merely changing the relative quantity of LC.
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FIGURE 5. Hypothetical model of the development of LC restriction in the context of high monoclonal light chains. (A) After incubation of human proximal tubular epithelial cells with different ratios of labeled kappa- and lambda-LC, a predominance for the LC added in the higher concentration was observed in confocal microscopy, with significant differences at the ratio of kappa:lambda 1:10 (p = 0.049) and 10:1 (p = 0.001). Two independent experiments in duplicates were performed. Representative pictures were taken at 630X using a Zeiss710 confocal microscope. (B) Under physiological circumstances (normal), a mixture of kappa and lambda LC-positive plasma cells represents the pool of reactive plasma cells. During the course of the development of multiple myeloma (MM), a phase of MG of undetermined significance (MGUS) is passed, in which outgrowth of a plasma cell clone starts (here exemplified by lambda light chains). In the phase of MGUS, polyclonal plasma cells are still present and the plasma cell clone represents only a subgroup of the complete plasma cell pool, making a predominance for lambda LC in the serum, but no full-blown LC restriction. When the state of MM is reached, there is a strong expansion of the atypical plasma cell clone at the expense of normal plasma cells, which is accompanied by an increase of one LC and nearly complete loss of the other in the blood serum. This developmental process in myeloma genesis might explain the presence of LC restriction in cases with MM and high tumor load. *p < 0.05.





DISCUSSION

In this study, renal specimens were analyzed with special emphasis on LC-R/C in proximal tubules, morphological and immunohistochemical parameters that have been described for the diagnosis of LCPT (9, 12). The presence of LC-R/C as a histological finding was set in the context of clinical and histological parameters and discussed in relation to previous reports of LCPT. The physiological fate of free LC in the kidney includes free filtration in the glomerulus and receptor-mediated reabsorption by proximal tubules (15), a very efficient but saturable process (15). LC are then degraded within lysosomes (16).

A quarter of the analyzed kidneys showed LC-R/C, making it a very frequent finding, as reported earlier for LCPT (9). In 70.4%, LC-R/C was associated with another LC-associated nephropathy, cast-NP in particular. Accordingly, LC in some cast-NP shows properties similar to cases with Fanconi syndrome (17) and proximal tubular changes in cast-NP resemble those in LC damage without cast-NP (18). An association of LCPT or tubular Fanconi syndrome with cast-NP and to a lesser extent AL amyloidosis has been reported earlier (17, 19–21), with one case preceding amyloidosis (22). 88.8% of cases with LC-R/C at biopsy had a history of MM (40.7%) or MG (48.1%) rather similar to another study, in which B-cell dyscrasia was diagnosed in 82.6% (12). Here, information on full hematological workup postbiopsy was not available. In a recent review (23), frequencies of 12–33% for associated MM and 61–80% for MGRS in LCPT were quoted and only very few other associated hematological diseases (1–2%) going in line with the lack of an association of LC-R/C with BNHL in our cohort.

Light chain restriction or crystals was associated with inferior renal function and higher ATI, which vanished after exclusion of cast-NP or looking at cast-NP alone. Cast-NP is known to be associated with high urinary excretion of pathologic LC and MM (24–27). In the course of progression of MG to MM, the percentage of clonal compared to normal plasma cells increases steadily (28), so that, hypothetically, the lack of one LC in proximal tubules might reflect the loss of the normal plasma cell pool (Figure 5B). This notion goes in line with our observation that LC predominance could be generated by changing the relative LC concentrations in cell culture. These findings imply that, at least in a subgroup, LC-R/C might not represent a genuine “tubulopathy,” but rather a sign of “physiological trafficking,” as suggested earlier (7, 11–13) in the context of high clonal LC loads. Another observation that could argue that LC-R is not always a disease per se is that in rat tubules only some human LC elicit tubulopathic effects (29). Accordingly, a subgroup of LC-R/C showed no or only mild signs of ATI as described earlier (11, 12) and was associated with better renal function, suggesting that at least in a subgroup LC are not tubulotoxic.

Some evidence, however, supports the notion of an independent disease process, including the frequent association of especially crystalline LCPT with tubular Fanconi syndrome (12, 19, 22) and, thus, a typical clinical picture. Furthermore, tubulotoxic effects of LC were shown in rats and cultured proximal tubular epithelial cells (15, 30–32). Moreover, patients with urinary high LC compared to non-specific proteinuria showed stronger proximal tubular damage (18).

Therefore, it is difficult to decide whether and when LC-R/C is an epiphenomenon or a genuine disease process and, thereby, an indication for cytoreductive therapy. In the vast majority of our cohort, an accompanying LC-associated nephropathy required therapy at any rate. In the remaining cases, LC-R/C may sometimes not suffice to justify a toxic therapy, so decision upon initiation of treatment probably has to be made on a case-by-case basis, as suggested earlier (7). Chemotherapy or stem cell transplantation for LCPT with Fanconi syndrome has been recommended (33) and can result in at least stable renal function (12). However, a proportion of untreated cases with crystalline LCPT also showed stable renal function (12). The frequent association of LC-R/C with LC nephropathies and MM, however, should warrant hematologic workup and close follow-up, especially as LCPT can precede another LC-induced nephropathy (22). Moreover, a thorough exclusion of another, not LC-associated nephropathy explaining the clinical findings must be performed.

In 2014, Herrera suggested different patterns of LCPT that overlap with our cohort (9). LCPT “without cytoplasmic inclusions” corresponds to our no ATI- and ATI-LC-R/C, although we and others (11) found a predominance of lambda-LC in contrast to the earlier report (9). The phenotypes “with cytoplasmic inclusions” and “with lysosomal ingestion/constipation” overlap with our crystalline and constipative1 subtypes and were also (though not significantly in our cohort) associated with kappa-LC and far less common than no ATI-/ATI-LC-R/C (9). In some earlier studies, crystalline LCPT was exclusively associated with kappa-LC (9, 12, 20). We found one case with single crystals associated with lambda-LC, which is also very rarely reported in literature (11). None of the cases included in our cohort, after thorough search, met the criteria of the acute tubulointerstitial nephritis variant of LCPT, as defined previously (9, 34). This goes in line with a cohort of LCPT published by Stokes et al. (12). In our cohort, only about 10% of cases showed LC reactivity at the tubular basement membranes with most of them lacking LC restriction in proximal tubules and/or being associated with MIDD, amyloidosis, or cast-NP and, therefore, being excluded. One case meeting no other exclusion criteria (9) showed only very mild interstitial inflammation and no tubulitis, so that in this case, criteria were also not fulfilled (data not shown). Our constipative2 group was first recognized as a separate group on the basis of its morphologic features reminiscent of protein overload in high-proteinuric glomerular disease and then distinguished from the other groups with LC-R/C on the basis of its association with AL amyloidosis and nephrotic syndrome. Atypical lysosomes and crystal-like inclusions in an earlier study were restricted to LCPT (18). As in earlier reports, crystalline inclusions in LC-R/C showed a variety of shapes and substructures and could be missed by light microscopy (9, 10, 12). Toluidine blue-stained semithin sections were very helpful for detecting crystals (11, 19). One crystalline LC-R/C after antigen retrieval by heating showed an atypical staining pattern with negativity of constipated epithelia in both the LC stainings, which also occurs after antigen retrieval with pronase digestion (9, 12). Therefore, antigen retrieval of formalin-fixed paraffin-embedded (FFPE) material by heating appeared equivalent to previously described methods. Two cases of crystalline LC-R/C would have been missed without EM, as they showed no LC-R. The importance of ultrastructural analyses in detecting LCPT has been previously reported (35). Both cases showed no or only mild sign of ATI and one case was associated with normal renal function, so that one could question whether this finding is of “renal significance.” As we could not perform immunogold labeling, we could formally not proof that the crystals were derived from LC.

An ultrastructural finding exclusively found in the group of LC-R/C was the presence of “cloudy lysosomes,” which might, thus, be indicative of intracytoplasmic accumulation of LC. It has been reported that LC in LCPT can deposit as fibrils (9, 35, 36). Fibrils were not specifically associated with LC-R/C in our analyses, so that it appears that this finding can be associated with LC deposition, but it is not a proof. In an early report of changes of proximal tubules in LC-related disease, atypical lysosomes were described (18). Moreover, lysosomes with mottled appearance have been shown in the context of LCPT (11, 12, 35, 37). In our cohort, lysosomes with mottled appearance were by no means specific of LC-R/C and were even more prevalent in controls. Moreover, the shape and size of lysosomes or myelin bodies were not helpful in detecting LC-R/C.

In conclusion, LC-R/C is a prevalent finding in the context of MG- or MM-induced renal changes. However, it is not clear whether this finding is of “renal significance” per se in a proportion of cases. Some evidence indicates that it is often a sign of “trafficking” in the context of high, monoclonal LC loads rather than an independent disease process. However, LC-R/C was frequently associated with another LC-induced nephropathy warranting cytoreductive therapy. In the remainder of cases, decision regarding therapy indication probably should be made on a case-by-case basis, as suggested earlier (7). The frequent association with other diseases and a previous observation that LCPT can precede another LC-induced nephropathy advocate close follow-up of patients with LC-R/C, in order not to miss the development of a renal lesion of significance that requires therapy.
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Unknown/k/n/k &\ 36/18/26/1 1/1/7/0 27/11/17/0 1/2/0/0 2/411 5/0/1/0 KVS A
0:51
Biopsy findings:
Glomerulosclerosis% 8.7 (0-83.9), 79 13.8(0-41.8),9 8.5 (0-83.9), 54 6.3 (0-56), 3 6.1(0-38.1), 8 33.3 (0-50), 5 0.430
IF/TA% 20 (0-80), 80 5(0-30), 9 20 (0-80), 55 15 (15-30), 3 20 (0-80), 8 25 (15-60), 5 0.092
ATl score 3(0-4), 80 1(0-1),9 4 (2-4), 55 4 (2-4),3 3(0-4),8 3(1-4), 5 <0.001 NoATI-ATI < 0.001
NoATI-
constipative 1
0.042
LC restriction k/x (IHC) 30/48 1/8 21/34 3/0 41 1/5 0.014 n.s.
Infiltration: no/MM/BNHL 75/6/0 9/0/0 49/6/0 3/0/0 8/0/0 6/0/0 0.547
Coexisting LC associated 42 Cast 2 AL amyloidosis 35 Cast 2 Cast 5 Cast 4 AL amyloidosis AL <0.001 Cast-NP:
renal diagnoses 4 Cast and MM infiltrate 4 Castand MM infiltrate 1 AL amyloidosis Cast <0.001 ATl <0.001
1 Cast and MIDD 1 Cast and MIDD MIDD noATI 0.001
1 susp. of Cast 1 susp. of Cast 0.914 Constipative 2 0.03
1 MIDD 1 MIDD AL:
2 MM infiltrate 2 MM infiltrate ATl <0.001
7 AL amyloidosis Constipative2

<0.001
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@0ne cases with suspicion of Cast-NP was excluded from all analyses.

All cases?
No LC-R/C LC-R/C
21/214 47/33
1/224 6/74
130/42 39/32
26.4 (1.2;119) 226 13(3;109)
73

2.42(0.6;11.8) 225 4.3 (0.5;18.3) 73

2(0;4) 3(0;4)
224 79

bData indicated as median (range), n = number of cases analyzed.

p-Value

<0.001
0.002
0.001
<0.001

<0.001

<0.001

Cast-NP excluded?

No LC-R/C

1/204
125/28
28.3 (1.2,119) 206

2.3 (0.6;10.7) 205

2(0;4)
203

LC-R/C

2/31
16/15
23.6 (4.1;109)
30
2.35(0.5;12.05)
30
2 (0;4)

32

p-Value

0.051
<0.001
0.367
0.549

0.337

Cast-NP only?

No LC-R/C LC-R/C
0/20 4/43
5/14 24/17
10 (4.7:55) 10.1 (3; 70)
20 43
5.56 (1.6;11.8) 20 4.7 (1.04;18.9)
43
4(2;4) 4(2;4)
21 47

p-Value

0.309
0.02
0.877
0.6

0.934





