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Abstract

Syndecan-1 (sCD138) is a transmembrane heparin sulfate-bearing proteoglycan expressed in

epithelial cells as well as hematopoietic cells that demonstrate plasmacytoid differentiation.

Higher levels of sCD138 correlate with poor outcome in myeloma. We examined the association

of circulating sCD138 levels in plasma with clinical behavior in 104 patients with chronic

lymphocytic leukemia (CLL). sCD138 levels were significantly higher in patients (median, 52.8

ng/mL; range, 13.4–252.7 ng/mL) than in healthy control subjects (median, 19.86; range, 14.49–

33.14 ng/mL) (P <0.01). Elevated sCD138 (> median, 52.8 ng/mL) was associated with

significantly shorter survival (P = 0.0004); this association was independent of IgVH mutation

status, β2-microglobulin (β2-M) level, and treatment history. Patients with mutated IgVH but high

sCD138 levels (>52.8 ng/mL) had significantly shorter survival than those with mutated IgVH and

lower levels of sCD138. Similarly, patients with unmutated IgVH but high sCD138 levels had

significantly shorter survival than those with lower sCD138 levels and unmutated IgVH (P =

0.007). In a multivariate Cox regression model, only Rai stage, β2-M, and sCD138 remained

predictors of survival. These data suggest that sCD138 when combined with β2-M and Rai stage,

may replace the need for testing IgVH mutation status.

Introduction

Chronic lymphocytic leukemia (CLL), the most common leukemia in people with advanced

age, has a highly variable clinical course.1 Some patients survive for years with no or

minimal symptoms and require no treatment, while others rapidly develop aggressive

disease and die shortly.2–3 Two major staging systems (Rai and Binet) have been developed

to guide the management of these patients.4–5 However, the disease course is heterogeneous

even among patients within the same stage group, and the staging systems do not predict

clinical course of early-stage disease. Detecting and treating aggressive disease at early
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stage, while avoiding the toxicity and cost associated with unnecessary treatment of patients

who will have benign courses, has become a major challenge in the management of CLL.

Despite years of intensive search that have uncovered several biological markers of potential

prognostic value, there is still a growing need to identify markers that are practical and can

predict the natural course of the disease.6–8

Syndecan-1 (CD138), a member of the syndecan family of proteoglycans (syndecan 1–4), is

a transmembrane protein with cytoplasmic, transmembrane, and extracellular (ectodomain)

domains.9–10 The ectodomain contains heparan sulfate and chondroitin sulfate sugar chains.

These chains bind to a variety of growth factors (fibroblast growth factor, vascular

endothelial growth factor, heparin binding growth factor) and extracellular matrix proteins

(fibronectin, tenascin, and leminin) and function as low-affinity coreceptors. The function of

the extracellular domain is mainly attributable to the proteoglycan, and degradation of the

heparan sulfate chains results in loss of binding capability. Cytoplasmic partners of CD138

have scaffolding or signaling properties. sCD138, the intact ectodomain of CD138, is

constantly shed from the cell surface as part of normal cell turn over, resulting in the

presence of sCD138 in circulation.11–12 This process involves proteolytic cleavage of core

protein at a juxtamembrane site by matrix metalloproteinase-7 (MMP-7) and is regulated by

proteinases.13

CD138 is expressed on the surface of epithelial cells and plasma cells and is involved in the

promotion of growth factor interaction and activity as well as cell-cell and cell-extracellular

matrix adhesion.14–15 In rodents, CD138 is present in pre-B cells, lost in circulating mature

B-cells, and regained in plasma cells.16 Expression of CD138 is correlated with the onset of

immunoglobulin secretion in murine.17 In addition, CD138 expression has been detected in

many epithelial tumors as well as in multiple myeloma cells, certain Hodgkin’s lymphoma

cells, and subsets of human immunodeficiency virus (AIDS)-related lymphomas.18–22

CD138 is not usually detected on the surface of CLL cells with flow cytometry, but is

expressed in CLL cells with plasmacytoid differentiation. However, the possibility remains

that CLL cells may have low-level expression that is not detectable by flow cytometry.

Indeed, some studies have demonstrated CD138 expression by RT-PCR and

immunohistochemistry.23–25

sCD138 remains biologically active and can bind the same ligands as the intact ectodomain.

This is largely dependant on surface heparan sulfate chains, since degradation of these

surface molecules would results in loss of sCD138 function. The constitutional level of

sCD138 in the serum in healthy individuals is relatively low.26 Increased sCD138 levels

have been noted in certain solid tumors and have prognostic significance.14–15, 27–28 In

addition, sCD138 has been reported to be an independent prognostic factor in multiple

myeloma.26, 29 Recently, sCD138 has been suggested to predict the clinical course in early

stage of chronic lymphocytic leukemia.30–31 In this study we examined the association of

plasma sCD138 levels with clinical behavior and established prognostics factors in patients

with CLL.
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Materials and Methods

Patients and samples

The general characteristics of the 104 patients studied are listed in Table 1. All patient

samples, as well as samples from 32 normal controls, were collected under an internal

review board (IRB)-approved protocol with written informed consent from subjects.

Diagnosis was based on examining peripheral blood and bone marrow samples. Blood

counts, flow cytometry, molecular study (B-cell gene rearrangement), and beta-2

microglobulin (β2-M) data were available for diagnosis. Plasma was separated from EDTA

peripheral blood samples by centrifugation at 10,000 g for 10 minutes and stored at −70 °C.

Complete clinical data were recorded from time of diagnosis at MD Anderson Cancer

Center.

Soluble CD138 ELISA

Commercial ELISA assay kits for sCD138 measurements (Diaclone ELISA kit, Cell

Sciences, Canton, MA) were purchased and testing was performed according to the

manufacturer’s instructions.

IgVH Mutation Status

IgVH mutation status was evaluated following the procedure by Hamblin et al.32 Briefly,

RNA was reverse-transcribed using oligo(dT) primers and the VH gene was amplified using

polymerase chain reaction (PCR) with a mixture of 5’ primers specific for each of the leader

sequences of the VH1 to VH6 families and a 3’ primer specific for the germline JH region.

The amplification product was isolated from a gel and sequenced using the 3’ primer. The

sequence was aligned to the V-gene database using (http://imgt.cines.fr) database.

Sequences with ≥2% mutations as compared with the corresponding germ-line IgVH

sequences were considered mutated.32 Howevr, cases expressing VH3-21 gene family were

considered as unmutated irrespective of the mutation rate due to the documented poor

outcome even when were mutated.33

Statistical Analysis

Descriptive statistics were analyzed and univariate analyses were performed using the chi-

square or Kruskal-Wallis test for categorical data and t test for continuous data.34 Estimates

of survival curves were calculated according to Kaplan-Meier product-limit method.35

Survival times were compared by means of the log-rank test.36 Clinical and biological

characteristics were analyzed for their associations with survival using Cox proportional

hazards models.37 Predictors used in the Cox proportional hazards regression model were

reviewed to assess the need for transformation based on martingale residual plots. Predictive

variables with P values of less than 0.10 for the univariate Cox proportional hazards model

were included in a multiple variable regression model. In this model, we employed a

backward elimination with P value cutoff 0.05, then allowed any variable previously deleted

to re-enter the final model if its P value was <0.05.38 Interactions between predictive

variables in predicting survival were assessed using the Kaplan-Meier co-plot method of
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Thall and Estey.39 All computations were carried out using SAS (Cary, NC) and S-plus

2000 (Seattle, WA).

Results

Overall, the characteristics of the study sample were representative of CLL patients usually

seen in referral centers (Table 1). Most (69%) patients were male and the median age was

62. Almost 25% of the patients were in Rai stage 0, 53% had Rai stage I to II, and 21% had

Rai stage III to IV. Of the 74 patients with known IgVH mutation status, 66% had mutated

IgVH. The median sCD138 level in patients (52.83 ng/ml; range, 13.37–252.68) was

significantly higher than in the healthy control group (19.86 ng/ml; range, 14.49–33.14)

(P<0.001; Fig. 1). sCD138 levels in these patients were continuous, without an obvious

tendency for clustering (Fig. 1).

Correlations with Clinical and Laboratory Features

As a continuous variable sCD138 had little or no correlation with most of the major

prognostic indicators (Table 2), correlating marginally with Rai stage and sCD23 sCD138 (P

= 0.085) but not with β2-M, IgVH mutation status, or thrombopoietin (TPO). sCD138 level

also did not correlate significantly with WBC count, hemoglobulin, or platelet count.

Correlation with Survival

sCD138 was significantly predictive of survival when dichotomized by its median value

(P=0.0004), but not as a continuous variable (Fig. 2). Thus, further survival analyses were

conducted with sCD138 considered only as a dichotomous variable. All of the known

prognostic factors tested, including Rai stage, IgVH mutation status, β2-M, sCD23, TPO,

and history of prior therapy, were also significant predictors of survival (Table 3).

Multivariate Cox proportional hazards models were used to examine overlap between these

prognostic factors (Table 3). In all multivariate models tested, sCD138 remained predictive

of survival independent of IgVH mutation status, β2-M, and TPO. A multivariate model

incorporating Rai stage, β2-M, and sCD138 identified sCD138 and β2-M as independent

prognostic factors. A model incorporating only sCD138 and β2-M showed that patients

could be stratified into three distinct groups on the basis of these variables (Fig. 3). Patients

with low sCD138 (<median 52.83 ng/ml) and low β2-M (<median 3.75 mg/L) had the best

outcome and those with high β2-M and high sCD138 had the worst outcome; patients with

high sCD138 but low β2-M, or high β2-M but low sCD138, had an outcome that was

slightly worse that those with low levels but significantly better than those with high β2-M

and high sCD138.

In a Cox proportional hazards model incorporating only sCD138 and IgVH mutation status,

both were independent prognostic factors (Fig 4). In this model, patients with low sCD138

and unmutated IgVH had the best outcome whereas those with unmutated IgVH and high

sCD138 had the worst outcome. Interestingly, patients with unmutated IgVH but low

sCD138 had significantly longer survival (P=0.007) than those with mutated IgVH but low

sCD138. Similarly, patients with mutated IgVH but high sCD138 level had significantly

shorter survival than those with mutated IgVH but low sCD138 (P=0.02). However, when
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sCD138 level was considered along with IgVH mutation status, Rai stage, and β2-M in a

multivariate Cox proportional model, β2-M and sCD138 but not IgVH mutation status nor

Rai stage remained independent prognostic factors.

In a multivariate model incorporating sCD138 and TPO along with Rai stage and β2-M,

only β2-M and sCD138 remained independent prognostic factors. However, in a model

incorporating sCD138, TPO, β2-M, IgVH mutation status, Rai stage, and treatment history,

only sCD138 and TPO remained significant predictors of survival.

Discussion

We studied sCD138 levels in 104 patients with CLL. Our data show that patients with

sCD138 levels higher than the median (53 ng/ml) had poor outcome independent of IgVH

mutation status, TPO, sCD23, β2-M, and treatment history (whether patients were

previously treated or not). sCD138 remained as an independent prognostic factor in all

multivariate models studied, with high levels being associated with poor prognosis.

β2-M was identified as an independent prognostic marker correlating with disease stage and

tumor load in CLL patients almost a decade ago.7, 40 The multivariate model in our study

showed that the combination of sCD138 and β2-M represents a powerful tool to stratify

patients into 3 distinct prognostic groups based on median values of sCD138 and β2-M. The

use of these two combined factors provides better prediction than either factor alone and

may eliminate the need for IgVH mutation status as a prognostic factor.

Predicting clinical behavior in patients with CLL is important for disease management.

Numerous markers have been reported to predict clinical behavior in CLL patients, but few

are independent of β2-M, Rai stage, and IgVH mutation status. Recently ZAP-70 has been

added to this list as a replacement to IgVH mutation status and some authors have reported

that ZAP-70 is independent of the IgVH31–42. However, ZAP-70 testing remains

controversial and many technical difficulties have been reported when the assay is used in

clinical laboratories. Our data not only suggest that sCD138 measurement represents a

simple alternative to IgVH testing with independent prognostic value, but also show that

sCD138 plays a role in CLL. The combination of Rai staging, β2-M, and sCD138 can

provide a prognostic model that is more powerful than IgVH mutation status and can be

used to stratify patients for management and therapy.

It is not clear whether the high level of circulating sCD138 results from the leukemic clone

or from reactive cells. Few studies have examined the expression of CD138 on the surface

of CLL cells, although 2 studies demonstrated CD138 expression in CLL cells by RT-PCR

and flow cytometry24–25. One group reported the detection of expression of CD138 by

immunohistochemistry while another failed to detect CD138 in CLL cells by flow

cytometry43. It is likely that while CLL cells normally express low levels of CD138 on their

surface (below the detection level of flow cytometry), those having significant plasma cell

differentiation express CD138 at levels sufficient for detection. Another possibility is that

increased sCD138 may not originate from CLL cells, since epithelial cells and many stromal

cells also express CD138. Factors known to increase shedding of CD138, such as fibroblast
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growth factor (FGF), are also increased in CLL patients44. Activation or increased activity

of the enzymes responsible for cleavage of the sCD138 may also account for increased

sCD13827.

The concentration of sCD138 largely depends on the rate of shedding from the cell surface

—which can be accelerated by physiological stimulation, bacterial infection, EGF family

members, TGF-alpha, plasmin, and thrombin—and involves various intracellular signaling

pathways including the ERK MAP kinase pathway, the JNK/SAPK MAP kinase pathway,

and eventually PTK activity. The enzyme responsible for generation of sCD138 is believed

to be MP-7. It is not clear whether the increased sCD138 levels in CLL patients are due to

the host defense response to aggressive tumor cells, or are a secondary effect induced by

tumor cells to facilitate their own growth.

CD138 has been reported to facilitate binding of growth factor to its high-affinity receptor

by acting as a low-affinity co-receptor, concentrating growth factor on the cell surface and

thus modulating its function. sCD138 levels have been demonstrated to have prognostic

value in multiple myeloma, with increased levels being associated with shorter survival and

more aggressive course26, 29. CD138 mediates adhesion of myeloma cells to the collagen,

which is important for tumor invasion. It also promotes signaling of its ligand hepatocyte

growth factor in myeloma cells and increased microvascular density through its interaction

with multiple growth factors such as b-FGF, VEGF, and HGF. sCD138 may have similar

effects on CLL cells45–46.

Irrespective of the mechanism, the data presented here indicates that sCD138 plays a major

role in CLL and further studies are needed to explore the therapeutic value of targeting

CD138 in patients with CLL.
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Fig. 1.
Levels of soluble CD138 (sCD138) in 104 patients with chronic lymphocytic leukemia.
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Fig. 2.
Kaplan-Meier estimate of survival according to soluble CD138 (sCD138) level

(dichotomized by median).
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Fig. 3.
Kaplan-Meier estimate of survival by median levels of soluble CD138 (sCD138) (52.83

ng/ml) and β2-M (3.75 mg/L). sCD138 is an independent prognostic factor from β2-M and

can further stratify CLL patients.
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Fig. 4.
Kaplan-Meier estimate of survival by median level of soluble CD138 (sCD138) and IgVH

mutation status. sCD138 is an independent prognostic factor from IgVH mutation status and

can further stratify CLL patients.
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Table 1

Characteristics of the 104 Patients with CLL

Characteristic No. of Patients (%)

Male 79 (68)

Rai stage

  0 25 (24)

  I 36 (34)

  II 20 (19)

  III 5 (4)

  IV 18 (17)

Previously treated 40 (38)

Splenomegaly 30 (29)

Hepatomegaly 12 (12)

IgVH mutation status

  Yes 49 (47)

  No 25 (24)

  Missing 30 (29)

Prior therapy:

  Yes 30 (29.0)

Median (Range)

Age, y 62 (33 – 82)

WBC, × 10/L 54.1 (2.4 – 333.9)

Hgb, g/dL 13.1 (6.4 – 16.3)

Platelets, × 10/L 147 (7 – 342)

β2-M, mg/L 3.2 (1.3 – 11.69)

sCD138, ng/mL 52.83 (13.37~252.68)

TPO, ng/mL 203.06 (26.39~2714.5)
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Table 2

Lack of significant correlation of sCD138 with most of the clinically important prognostic factors

Variable R-value P-value

sCD23 0.20 0.04

TPO 0.07 0.54

IL-8 0.16 0.23

HGB 0.03 0.73

PLT −0.24 0.01

WBC 0.15 0.11

BM Cellularity 0.10 0.42

Age 0.30 0.002

β2-M 0.12 0.19
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Table 3

Univariate and multivariate Cox proportional hazards models with all 104 patients.

Models Predictor variable(s) P value Hazards
ratio

1 Rai Stage 0.0008 3.05

2 β2-M <0.0001 1.35

3 Prior_therapy (yes vs. no) 0.0002 3.70

4 TPO (thrombopoietin) <0.0001 1.001

5 IgVH mutation status 0.0034 0.306

6 CD138 (>52.83 vs. < 52.83 ng/mL) 0.0004 93.68

7 SCD23 0.0002 1

8 RAI Stage
CD138(>52.83 vs. < 52.83)
β2-M
Prior_therapy (yes vs. no)

0.123
0.001
0.021
0.027

1.79
4.29
1.19
2.54

8.1 (stepwise selection) RAI Stage
CD138(>52.83 vs. < 52.83)
β2-M
Prior_Therapy (yes vs. no)

Not selected
0.0002
0.018
0.0083

NA
4.95
1.19
2.96

9 RAI (3 vs. 1–2)
CD138(>52.83 vs. < 52.83)
β2-M
IgVH mutation status (yes vs. no)

0.039
0.0047
0.091
0.1347

2.34
3.95
1.18
0.48

9.1 (stepwise selection) RAI (3 vs. 1–2)
CD138(>52.83 vs. < 52.83)
β2-M (yes vs. no)
IgVH mutation (yes vs. no)

0.041
0.0077
0.0022

Not selected

2.32
3.65
1.27
NA

10 RAI (3 vs. 1–2)
CD138(>52.83 vs. < 52.83)
β2-M
Prior Rx (yes vs. no)
TPO (thrombopoietin)

0.66
0.0017
0.13
0.14
0.087

1.21
4.06
1.13
1.94
1.001

10.1 (stepwise selection) RAI (3 vs. 1–2)
CD138(>52.83 vs. < 52.83)
β2-M
History of Prior Rx (yes vs. no)
TPO (thrombopoietin)

Not selected
0.001

Not selected
0.046
0.0061

NA
4.25
NA
2.35
1.001

11 RAI Stage (3 vs. 1–2)
CD138(>52.83 vs. < 52.83)
β2-M
Prior therapy (yes vs. no)
IgVH mutation status (yes vs. no)

0.067
0.013
0.157
0.175
0.38

2.46
4.32
1.15
2.09
0.64

11.1 (stepwise selection) RAI (3 vs. 1–2)
CD138(>52.83 vs. < 52.83)
β2-M
Prior therapy (yes vs. no)
IgVH mutation status (yes vs. no)

0.025
0.017
0.0032

Not selected
Not selected

2.87
4.06
1.27
NA
NA

12 RAI (3 vs. 1–2)
CD138 (>52.83 vs. < 52.83)
β2-M
Pr_Rx (yes vs. no)
IgVH mutation status (yes vs. no)
TPO (thrombopoietin)

0.43
0.0069
0.74
0.50
0.10
0.04

1.52
5.39
1.04
1.46
0.39
1.001
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Models Predictor variable(s) P value Hazards
ratio

12.1 (stepwise selection) RAI (3 vs. 1–2)
CD138 (>52.83 vs. < 52.83)
β2-M
Prior_therapy (yes vs. no)
TPO
IgVH mutation Status (yes vs. no)

Not selected
0.0009

Not selected
Not selected

0.0004
0.016

NA
6.83
NA
NA

0.322
1.001

13 IgVH mutation status (yes vs. no)
TPO (thrombopoietin)
SCD23
CD138 (>52.83 vs. < 52.83)

0.009
0.0036
0.06
0.013

0.29
1.001
1.001
3.84

13.3 (stepwise selection) IgVH mutation status (yes vs. no)
TPO
SCD23
CD138 (>52.83 vs. < 52.83)

0.025
0.009
0.082
0.019

0.31
1.001
1.001
4.42
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