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Abstract

Background: Multiparametric flow cytometry (MFC) is a useful tool for diagnosis of plasma 

cell dyscrasias and assessment of minimal residual disease (MRD) in plasma cell myeloma 

(PCM). However, the immunophenotypic differences between the clonal plasma cells (PCs) of 

plasma cell myeloma (PCM) and those of monoclonal gammopathy of undetermined significance 

(MGUS) as well as the correlation of these flow cytometric markers with pertinent laboratory 

parameters have not been evaluated.

Methods: We retrospectively identified all newly diagnosed treatment-naive PCM and MGUS 

patients between 09/2014 and 06/2015 who underwent 10-color flow-cytometric evaluation: 

CD45, CD38, CD138, cKappa, cLambda, CD19, CD27, CD28, CD56, CD117. FACSDiva 

analysis was utilized to identify antigenic aberrancies and associations with pertinent laboratory 

parameters were evaluated.

Results: All cases demonstrated at least 2 aberrancies. There was a trend toward a greater 

number of aberrancies in PCM, with 68% showing >/= 4 aberrancies compared to 44% in MGUS 

(p=0.11). The only marker more frequently aberrant in one disease class was CD19, aberrant in 

68% of PCM and 25% of MGUS (p<0.01). In PCM, significant associations were found for CD56 

non-aberrancy (p=0.05) and the presence of amyloid and CD27 aberrancy and normal serum 

albumin (p=0.05). In MGUS, CD117 expression was associated with normal hemoglobin 

(p=0.03).

Conclusions: The plasma cells of PCM show a trend toward more antigenic aberrancy than 

those of MGUS. There is significant association between the antigenic profiles of PCM/MGUS 

and clinical parameters including amyloidosis, albumin level, and hemoglobin.
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Introduction:

Plasma cell myeloma (PCM) is the third most common hematologic malignancy in the US 

comprising slightly more than 15% of all hematologic malignancies(1). It accounts for 

approximately 1.8% of all cancers with an age-adjusted incidence of six per 100,000 per 

year(2). Clonal plasma cell proliferative disorders(3, 4) encompass a spectrum ranging from 

an asymptomatic pre-malignant stage termed monoclonal gammopathy of undetermined 

significance (MGUS)(5) to an intermediate clinical stage of smoldering myeloma to 

symptomatic PCM. The diagnosis of MGUS relies on finding either serum monoclonal 

protein of <30 g/L or a clonal bone marrow plasma cell population of <10% in a patient with 

otherwise no features of end organ damage (CRAB symptoms: C= hypercalcemia, serum 

calcium >11mg/dl, R= renal insufficiency, creatinine clearance <40ml/min, A= anemia, 

hemoglobin <10g/dl or B= one or more osteolytic lesions (each lesion >= 5mm in size on X-

ray, CT or PET-CT) attributable to plasma cell proliferation. The rate of progression of 

MGUS to PCM is 0.5–1% per year, but the precise risk is affected by the concentration of 

the monoclonal protein, type of monoclonal protein, serum free light chain ratio, bone 

marrow plasmacytosis, proportion of phenotypically clonal plasma cells (PCs), and presence 

of immunoparesis, defined as reduction of one to two non-involved immunoglobulin isotype 

levels(5, 6, 7, 8, 9, 10, 11). Based on the revised International Myeloma Working Group 

(IMWG) Diagnostic criteria, the diagnosis of smoldering PCM requires serum monoclonal 

protein of >30g/L, and/or clonal bone marrow plasma cells >=10% without any of the 

myeloma-defining end organ damage (CRAB) symptoms attributable to the neoplastic 

plasma cell proliferation. Symptomatic myeloma requires presence of CRAB symptoms 

(together with an M protein or clonal plasma cell proliferation at any level). Additionally the 

following new biomarkers when present in smoldering myeloma patients have been shown 

to be predictive of symptomatic myeloma: clonal bone marrow PCs of >60%, involved: 

uninvolved serum free light chain ratio >/=100 or >/= 1 focal lesions on MRI imaging 

(IMWG)(5).

With highly specific flow cytometric markers (or combination of markers) allowing 

unequivocal identification of PCs and characterization of aberrant PC phenotypes enabling 

discrimination between the normal and clonal PC populations, MFC is useful in diagnosis 

and assessment of MRD in PCM. In light of recent updates to the diagnostic criteria and the 

importance of achieving stringent complete remission (sCR) as defined by IMWG (12, 13), 

the immunophenotypic evaluation of neoplastic PCs using MFC is gaining in popularity. 

sCR includes normal serum free light chain ratios and absence of clonal PCs in bone marrow 

by immunohistochemistry or immunofluorescence at a sensitivity level of 10−3 (12) in 

addition to the criteria required for complete response: negative immunofixation in serum 

and urine, disappearance of any soft tissue plasmacytomas and <5% PCs in bone marrow. In 

addition to flow cytometry, immunoglobulin (Ig) allele-specific oligonucleotide-based 

quantitative polymerase chain reaction (ASO-PCR), next generation sequencing of Ig genes 

and newer imaging modalities like positron emission tomography (PET) are a few other 

techniques being utilized for MRD detection in PCM. Paiva et al have recently reviewed 

these various techniques in MRD assessment in PCM (13). Briefly, some of the advantages 

of flow cytometry over other techniques includes greater specificity and sensitivity 
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(detection of one tumor cell among 10,000 bone marrow (BM) cells), intra-assay quality 

check of the whole cell sample via simultaneous detection of hematopoietic populations (B-

cells, granulocytes etc), faster results and wide availability at acceptable costs (13, 14, 15, 

16). The need for extensive expertise to analyze flow cytometric data, together with the lack 

of well-standardized flow-MRD methods, have been pointed out as the main drawbacks of 

flow cytometry (13).

Many studies have investigated a wide range of markers to better define the 

immunophenotypic profile of aberrant PCs with a few studies looking at the prognostic 

impact of those markers. In our study, using single-tube 10-color flow cytometry, we were 

interested in evaluating the utility of various markers in distinguishing clonal PCs of PCM 

versus those of MGUS with the aim of better defining the immunophenotype of neoplastic 

PCs, as well as to evaluate the relationship between immunophenotypic markers and disease 

characteristics.

Materials and Methods:

Patients:

For the purpose of this study all PCM patients (n=22) newly diagnosed between 09/2014 and 

06/2015 who underwent 10-color flow cytometric evaluation at the time of initial diagnosis 

were retrospectively identified using the laboratory information system. Patients with new or 

previous diagnosis of treatment-naive MGUS (n=16) who underwent 10-color flow 

cytometric evaluation during the same time period were also similarly identified. MFC data 

from BM aspirates of each of these patients, obtained as part of routine clinical work up was 

reviewed as detailed below. Additionally, information on various clinical parameters at the 

time of diagnosis including level of serum M protein, serum free light chain ratio, levels of 

hemoglogin, calcium, serum albumin, beta-2 microglobulin, lactate dehydrogenase and 

creatinine, and the presence of amyloid and light chain cast nephropathy were also collected. 

This study was approved by the Institutional Review Board of the University of Iowa 

Hospitals and Clinics.

Flow cytometric immunophenotyping:

Immunophenotyping studies were carried out on the bone marrow aspirates using pre-

titrated volumes of the following monoclonal antibodies: CD19 Peridinin-chlorophyll 

proteins-cyanine 5.5 (Per CP-Cy ™5.5), CD45 Violet 500 (V500), CD117 Allophycocyanin 

(APC), CD56 APC R700, CD38 Brilliant ™ Violet 605 (BV605), CD138 Brilliant ™ Violet 

421 (BV421), CD28 Phycoerythrin Cy7 (PE-Cy™7) and CD27 APC-H7[BD Biosciences, 

San Jose, CA], and polyclonal λ fluorescein isothiocyanate (FITC) and polyclonal κ PE 

[Dako Agilent Pathology Solutions, Santa Clara, CA]. Briefly, following red blood cell lysis, 

the samples were resuspended in RPMI and 2% fetal calf serum and the cell suspension was 

adjusted to get a concentration of 1 ×10 6 cells/ml. For staining of surface antibodies 100 μL 

of cell suspension was mixed with the appropriate concentration of monoclonal antibodies 

and brilliant stain buffer and incubated for appropriate times as per manufacturer’s 

recommendation. At the end of incubation period the cells were washed with Hank’s 

balanced salt solution and centrifuged. Cytoplasmic staining for κ and λ was done with 
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Invitrogen Reagent A and B (Carlsbad, CA) as per manufacturer’s recommendation. 

Acquisition was done on a flow cytometer (BD FACS Calibur or BD FACS Canto, BD 

Biosciences), and at least 105 events were acquired in each tube. Analyses were carried out 

using FACSDiva immunophenotyping software (BD Biosciences).

Flow cytometric data analysis:

Using FACSDiva analysis, CD38/CD45/CD138/cKappa/cLambda were used to identify the 

clonal and non-clonal plasma cells populations as described below. All events with 

comparable or dim CD45 expression compared to lymphocytes were gated on the CD45 vs 

side scatter histogram. The CD38 vs CD138 histogram was then used to identify the plasma 

cell population among these gated events based on their bright CD38/CD138 expression. 

Clonal and non-clonal plasma cell populations were then selected based on the light chain 

immunoglobulin expression (Figure 1A). Flow cytometric evaluation of the following 

antigens was done in all cases: CD19, CD27, CD28, CD38, CD45, CD56, CD117, CD138, 

intracytoplasmic kappa and lambda. The percentage positive for each of the above markers 

(except CD38 and CD45) was identified after setting the MIG control population at 2–4% 

positive (Figure 1B). A delta percentage positive was then calculated for each of the markers 

by subtracting the percentage positive in the non-clonal population from the percentage 

positive in the clonal population. Aberrant gain (CD28, CD56, CD117, and CD138) and loss 

(CD19, CD27) of antigen expression was arbitrarily defined as a variation of 10% or more in 

the delta percentage. This numerical assessment for aberrant antigen expression was an 

accurate representation of visual inspection of the dot plots. However, due to the arbitrary 

cut-off of 10%, cases which on visual inspection showed partial dim expression were 

sometimes categorized as “positive” and sometimes categorized as “negative” by the 

numerical assessment.

Statistical analysis:

All associations between antigen aberrancy and either disease type (PCM OR MGUS) or 

laboratory parameters were calculated using the chi-square test or Fisher’s exact test for 

small samples where appropriate. Statistical testing was performed at the 5% level of 

significance using SAS v9.4 (SAS Institute, Cary, NC)

Results:

There were 16 males and 6 females (age range: 37–76 y; mean: 63) in the PCM cohort. The 

MGUS cohort had 9 males and 7 females (age range: 45–82 y; mean: 66). The median age 

was similar in both groups and while there was a male predominance in PCM group (male to 

female ratio of 2.6:1) compared to MGUS group (male to female ratio of 1.28:1), this 

difference was not significant (p=0.29). The PCM group included 13 patients with IgG 

myeloma, 4 patients with IgA myeloma, 4 patients with light chain only myeloma, and 1 

patient with non-secretory myeloma. The MGUS group included 12 patients with IgG 

MGUS and 4 patients with IgA MGUS.

Gupta et al. Page 4

Cytometry B Clin Cytom. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Percentage of non-clonal plasma cells

Immunophenotypically normal PCs (non-clonal PCs) were identified in all the patients of 

both PCM and MGUS groups. No patient was excluded due to inability to identify non-

clonal PCs. The mean percentage of non-clonal PCs in the MGUS group was 17.57 +/

−13.79 (range: 0.2 – 42.6%; median: 12.46), which was significantly higher (p value of 

<0.01) than that of PCM group which had a mean percentage of 4.48 +/− 9.66 (range: 

0.002–41.3%; median: 0.43). 81.3% of MGUS patients (13/16) had more than 3% non-

clonal PCs, as compared to 31.8% of PCM patients (7/22). This difference was statistically 

significant (p=0.003).

Antigenic aberrancy differences between MGUS and PCM

The frequency of aberrant expression of each of the markers was compared between the two 

groups as illustrated in Table 1. Aberrant expression (loss) of CD19 was found to be 

significantly more frequent among PCM than MGUS (p= <0.01). Though not achieving 

statistical significance (p=0.27), we did find a trend toward more frequent CD56-positivity 

in PCM (82%) compared to MGUS (63%). Next we compared the number of antigenic 

aberrancies between the two groups (Figure 2). The plasma cells of PCM patients frequently 

exhibited 4 or more aberrancies (15/22= 68%), whereas patients with MGUS most 

commonly showed aberrancy for 3 or fewer antigens (9/16=56%) (p=0.11). We also noted 

that in both groups aberrant expression of CD56 and CD138 and loss of CD27 were the 

most frequent set of concurrent aberrancies (MGUS-25% [4/16]; PCM-54% [12/22]).

Correlation between antigen expression and clinical parameters

We also studied the relationship between patterns of antigen expression and laboratory 

parameters/disease characteristics in each group. The parameters evaluated in the PCM 

group included the level of serum M-protein, serum free light chain ratio, beta-2 

microglobulin, creatinine, calcium, albumin, lactate dehydrogenase, hemoglobin, presence 

of amyloid, and presence of cast nephropathy. Patients were tested for amyloid deposition by 

bone marrow and /or fat pad biopsy with or without renal or other organ biopsy as clinically 

indicated. Within the myeloma group, aberrancy (loss) of CD27 was significantly associated 

(p=0.05) with normal to high levels of serum albumin (>/= 3.5 mg/dL). This in turn is a 

predictor of lower stage and good prognosis according to the ISS for PCM. Similarly, non-

aberrancy (non-expression) of CD56 was found to be significantly associated (p=0.05) with 

the presence of amyloid. The parameters evaluated in the MGUS group included 

hemoglobin level and serum free light chain ratio. Within the MGUS group, aberrant 

expression (gain) of CD117 on the neoplastic/clonal PCs showed a statistically significant 

association (p=0.03) with normal hemoglobin levels (within reference ranges for sex) at the 

time of diagnosis. Since anemia is one of the ‘CRAB’ criteria for diagnosis of PCM, we 

further investigated the cause of the anemia in the MGUS patients. There were seven MGUS 

patients with low hemoglobin (6 males and 1 female). Six out of these seven patients had 

mild anemia (10.2 g/dL in the female patient and range of 11.1–13.1 g/dL among the male 

patients). One male patient had significant anemia (7.6 g/dL) which predated the diagnosis 

of MGUS by several years and was attributed to concomitant diabetic chronic kidney disease 

and sarcoid splenomegaly.
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Discussion:

MFC is an increasingly used technique that can be applied to the identification of PCs 

among all BM cells, as well as the discrimination of phenotypically abnormal PCs from their 

normal counterparts (10). The high sensitivity of this technique compared to conventional 

morphologic and immunohistochemical methods has been established(14). Therefore it 

comes as no surprise that MRD assessment using MFC is standard-of-care in assessing 

treatment response in PCM patients (13).

However, it is not advisable to utilize MFC as a standalone diagnostic tool in plasma cell 

proliferative disorders, as there is significant discrepancy in the quantitation of clonal PCs by 

MFC compared with conventional morphological evaluation. PC enumeration by 

morphology serves as an important diagnostic criterion(5). Proposed explanations for the 

discrepancy between PC enumeration by MFC and morphology include contamination of 

the MFC sample by peripheral blood, existence of small PC clusters, fragility of PCs during 

sample preparation and unavailability of a first-pull BM aspirate for flow cytometry(17, 18, 

19, 20). Availability of first-pull aspirate samples is likely to improve the diagnostic yield of 

MFC evaluation(19). However, morphology and IHC remain the gold standard for plasma 

cell enumeration.

The utility of MFC lies in its ability to distinguish aberrant/clonal PCs from the polyclonal 

normal PC population. This is critical in the differential diagnosis of unusual cases including 

reactive plasmacytosis, in assessing risk of disease progression(10) in MGUS and 

smoldering myeloma patients (10, 21, 22), as well as in predicting progression free and 

overall survival in PCM patients (18, 21, 23, 24). Distinguishing aberrant PCs from normal 

PCs is less challenging in cases of terminal PCM where the majority of PCs display an 

aberrant phenotype, than in cases of MGUS where the aberrant cells are in the minority and 

are usually overshadowed by the presence of large numbers of normal PCs.

In our study we were able to identify non-clonal PCs in all the patients of both PCM and 

MGUS groups, though they were present at a significantly lower frequency in the PCM 

group compared to the MGUS group (mean of 4.48% versus 17.57% respectively; median of 

0.43% versus 12.46%). The finding of a greater number of immunophenotypically normal 

plasma cells in MGUS compared with PCM has been observed by other authors (25). 

Ocqueteau et al proposed a 3% cut-off value for percent residual immunophenotypically 

normal PCs that they found useful in distinguishing MGUS cases (which were typically 

>3%) from PCM cases (which were typically <3%). The number of PCM patients with >3% 

non-clonal PCs was higher in our study than previously reported. However, the 3% cut-off 

value for percent non-clonal PCs was still found to be a useful parameter to discriminate 

PCM from MGUS with 81.3% MGUS cases versus 31.8% of PCM cases showing >3% non-

clonal PCs (0.003) in our study.

A variety of immunophenotypic aberrancies have been described in plasma cell dyscrasias. 

However, there is a lack of consensus with respect to the specific panel of markers to 

analyze. Using a panel very similar to that recommended by the European Myeloma 

Network (with the exception of CD20, CD200 and CD81) we found that aberrant CD19 
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expression was more frequently seen in PCM than MGUS. CD19 is a B-lineage marker 

valuable in the assessment of monoclonal gammopathies. The intensity of CD19 expression 

is known to be dim on MGUS PCs when compared to normal PCs, but higher on MGUS 

PCs than on PCM cells(17, 26, 27). Mahmoud et al (1999) also showed that the enforced 

expression of CD19 on myeloma cell lines led to growth inhibition and reduced 

tumorigenicity(28). These findings were supported by Olteanu et al (2008) who found that 

MGUS cases with higher relative proportion of CD19-positive PCs were associated with less 

frequent disease progression(29). Based on these observations it has been hypothesized that 

phenotypic loss of CD19 expression might reflect stage transition or disease progression at 

the genetic level(17). As a practical point, CD19 loss can serve as a useful tool in identifying 

a small number of abnormal PCs in patients with monoclonal gammopathies. Cannizzo et al 

(2010) found that CD19 showed good correlation with the presence of disease using a cut off 

61% to distinguish between normal and aberrant PCs(30). Tembhare et al (21) in their study 

also confirmed that CD19 had the highest sensitivity (100%) for detection of abnormal PCs. 

However they failed to report any difference in pattern of CD19 expression between PCM 

and MGUS. Our finding that CD19 is more frequently lost in PCM as compared with 

MGUS is consistent with myeloma being a more advanced disease state than MGUS and 

highlights the important role this marker plays in identifying MRD in PCM patients.

The prognostic value of MFC in PCM is still not clearly established (19, 31). Studies have 

attempted to risk stratify patients based on their antigenic profile assessed by MFC (24). In 

addition, antigens such as CD45, CD56, CD117, and CD28, have also been proposed as 

prognostic markers for myeloma(19). However whether MFC immunophenotyping will 

replace the specific serum and genetic markers as a prognostic tool remains to be 

determined. Our study did not directly assess the association between the various MFC 

markers and progression free survival or overall survival, as the period of follow-up for these 

patients was too short.

However, we did make some interesting observations with respect to associations between 

MFC marker expression and laboratory parameters which are known to have prognostic 

value. Similar to the findings of Drach et al (1991) and Van Reit et al (1990), we found very 

frequent (81.8%) positivity for CD56 in PCM(32, 33). We compared the clinical and 

pathological characteristics of the CD56-positive and negative sub-groups among the PCM 

group and found the presence of amyloid protein to be significantly associated (p=0.05) with 

CD56-negative status (Table 2A). CD56 is an isoform of the neural cell adhesion molecule 

(NCAM) and is known to mediate cell-cell and cell-matrix interactions (17). Absent CD56 

expression could accelerate the process of metastatic spread (17, 34, 35) and is correlated 

with an aggressive disease (36). Also the presence of amyloid in patients with PCM is 

known to be an independent adverse prognostic factor (37). However, the association of 

CD56-negative status with amyloid has not been previously reported. Whether CD56-

negative PCM is a distinct entity with a worse prognosis will have to be addressed in larger 

studies involving greater numbers of patients.

We found a similar frequency of CD27 loss in the MGUS (75%) and PCM (77.3%) groups. 

We also noted that loss of CD27 expression was more often associated with simultaneous 

loss of CD19 (13/17) in PCM compared to MGUS (4/12) (Data not shown). These findings 
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are in agreement with those of Raja et al 2010 who also described lack of CD27 expression 

to be closely coupled with the loss of CD19 and as a marker of progression to PCM (17). In 

our study we also noted that loss of CD27 in PCM was significantly associated (p=0.05) 

with normal to high serum albumin levels (Table 2A), which in turn correlates with a lower 

Revised International Staging System (RISS) and Durie-Salmon stage. This is a novel 

finding not yet described in the literature.

We found CD117 positivity on clonal PCs of 54.5% PCM patients and 62.5% MGUS 

patients. While these figures are slightly higher than those reported by other authors, the 

trend of greater positivity amongst MGUS patients compared to PCM cohort is well-

established (38). Expression of CD117 is known to be associated with favorable genetic 

mutations and a better outcome in both MGUS and PCM patients (38). For the first time, we 

showed CD117 expression to be associated with normal hemoglobin levels (p=0.03) at the 

time of diagnosis in MGUS group (Table 2B). This finding supports Bataille’s et al 

observation of a subset of prognostically favorable CD117+ MGUS/PCM.

Finally the trend toward a larger number of aberrancies in PCM as compared to MGUS 

suggests the possibility of clonal evolution. None of the three MGUS patients with 5 or more 

aberrancies showed earlier progression to PCM. One of these patients died of 

decompensated cardiac failure due to an unrelated cause. An exhaustive work up including a 

fat pad biopsy failed to reveal any evidence of amyloid in this case.

In summary, our retrospective study identified significant, novel associations between the 

antigen profile of PCM and MGUS plasma cells and several clinical and laboratory 

parameters which are known to predict prognosis in plasma cell neoplasms. Our analyses 

showed a correlation between the presence of amyloid and CD56-negative PCM, thereby 

providing a possible clue for the poor prognosis in this group. In addition our findings of 

normal albumin levels in CD27-negative PCM and normal hemoglobin levels in CD117+ 

MGUS have not yet been described. Albumin is known to correlate with stage/prognosis as 

it is part of the ISS. As multiple comparisons increase the probability of a Type 1 error (false 

positive association), larger studies are necessary to confirm these findings. We confirmed 

the diagnostic sensitivity of CD19 in distinguishing between PCM and MGUS (p<0.01) 

which is in agreement with the findings of other authors. We also found a trend towards 

greater number of aberrancies with disease progression, thereby suggesting the possibility of 

a clonal evolution (with at least two aberrancies seen in all plasma cell dyscrasias studied).

Based on the above findings we recommend that a carefully chosen panel of antigens (to 

include at a minimum CD38, CD138, CD19, CD56, CD27, cKappa, and cLambda) in a 

single tube can reliably and consistently distinguish clonal plasma cell dyscrasias from 

reactive plasma cells and holds promising potential for prognostication in MGUS and PCM.
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Figure 1: 
Example of FACSDiva flow cytometric analysis - bone marrow specimen from a patient 

with PCM. A. Gating strategy. The cells of interest are identified by bright CD38 expression 

(left histogram) and cytoplasmic light chain restriction (right histogram). In the MIG 

(isotype control) tube, cells of interest are identified by bright CD38 expression only. B. 

Data Analysis. The left column is data from the MIG tube. The right column is data from the 

antibody-specific tube. The MIG for each fluorochrome is compared to the specific antibody 

for that fluorochrome. The percentage positive for each of the specific antibodies was 

identified after setting the MIG control population threshold at 2–4% positive.
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Figure 2: 
Frequency of number of antigenic aberrancies in PCM and MGUS groups. The frequency of 

having a given number of antigenic aberrancies is shown above each bar, both as a 

percentage of total cases within that group and as number of cases (in parenthesis). There 

were 22 patients total in the PCM group (blue) and 16 patients total within the MGUS group 

(red).
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Table 1:

Frequency of aberrancy in expression of different markers in PCM and MGUS groups

Antigen PCM N=22 (% aberrant) MGUS N=16 (% aberrant) P-value

CD19 15 (68.2) 4 (25) <0.01

CD27 17 (77.3) 12 (75) 1.00

CD28 9 (40.9) 6 (37.5) 0.83

CD56 18 (81.8) 10 (62.5) 0.27

CD117 12 (54.5) 10 (62.5) 0.62

CD138 18 (81.8) 13 (81.3) 1.00

Cytometry B Clin Cytom. Author manuscript; available in PMC 2019 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gupta et al. Page 15

Table 2A:

Correlation of clinical and laboratory parameters with antigen expression (p value) in PCM group

Clinical variable Reference Range Mean Groups (# patients) CD19 CD27 CD28 CD56 CD117 CD138

Level of serum M-
protein

1
 </=3 g/dL(12); >3 g/dL (9)

0.66 0.6 0.37 1 0.67 1

Beta-2 microglobulin 1.1–2.4 mg/L 9.14 <3.5(8);3.5-<5.5(6); >/=5.5(6) 0.58 <0.01 0.61 0.07 0.87 0.24

Creatinine M- 0.6 – 
1.2mg/dL
F- 0.5 – 1.0 
mg/dL

4.4 </= 1.2(14); >1.2(7) 1 1 1 0.57 0.4 1

Calcium 8.6–10.2 mg/dL 9.6 </= 10.5(18); >10.5(4) 1 1 1 1 1 1

Albumin 3.4 – 4.8 g/dL 3.5 <3.5(12);>/=3.5(9) 1 0.05 0.67 0.6 0.66 1

Lactate dehydrogenase M- 135–225 U/L
F- 135–214 U/L

190.4 </= 225(13); >225(6) 0.32 0.56 0.62 0.07 1 1

Amyloid N/A Presence (6); absence (16) 1 0.1 0.66 0.05 0.65 1

Cast nephropathy N/A Presence(3); absence(19) 1 1 1 0.47 0.57 0.47

Serum free light chain 
ratio

0.26–1.65 (N) 2
normal (1); mildly abnormal 

(11); markedly abnormal (10)

0.56 0.05 1 0.66 0.52 0.07

Hemoglobin M- 13.2–17.7 
g/dL
F- 11.9–15.5 
g/dL

11.6 3
abnormal (14); normal(8)

0.34 0.31 1 0.6 1 0.25

1
One patient did not have level of serum M protein determined.

2
For patients with a kappa-restricted plasma cell clone, the groups compared are normal (0.26–1.65); mildly abnormal (>1.65 and <100); markedly 

abnormal (>/=100). For patients with a lambda-restricted plasma cell clone, the groups compared are normal (0.26–1.65); mildly abnormal (>0.01 
and < 0.26); markedly abnormal (</= 0.01).

3
Abnormal hemoglobin is defined as <13.2 g/dL for males and <11.9 g/dL for females.
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Table 2B:

Correlation of laboratory parameters with antigen expression (p value) in MGUS group

Clinical variable Reference Range Groups Mean CD19 CD27 CD28 CD56 CD117 CD138

Hemoglobin M- 13.2–17.7 g/dL
F- 11.9–15.5 g/dL

abnormal (7); normal 
(9)

13.05 0.58 1 0.3 1 0.03 0.58

Serum free light chain 
ratio

0.26–1.65 Normal (11); mildly 
abnormal (5); 
markedly abnormal(0)

0.55 1 0.09 1 0.59 0.55

Cytometry B Clin Cytom. Author manuscript; available in PMC 2019 May 01.


	Abstract
	Introduction:
	Materials and Methods:
	Patients:
	Flow cytometric immunophenotyping:
	Flow cytometric data analysis:
	Statistical analysis:

	Results:
	Percentage of non-clonal plasma cells
	Antigenic aberrancy differences between MGUS and PCM
	Correlation between antigen expression and clinical parameters

	Discussion:
	References
	Figure 1:
	Figure 2:
	Table 1:
	Table 2A:
	Table 2B:

