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ABSTRACT

Objectives: KLHLO is a recently described BTB-Kelch
protein with selective expression in lymphoid tissues and is
most strongly expressed in germinal center B cells.

Methods: Using gene expression profiling as well as
immunohistochemistry with an anti-KLHL6 monoclonal
antibody, we have characterized the expression of this
molecule in normal and neoplastic tissues. Protein
expression was evaluated in 1,058 hematopoietic
neoplasms.

Results: Consistent with its discovery as a germinal center
marker, KLHLG6 was positive mainly in B-cell neoplasms
of germinal center derivation, including 95% of follicular
lymphomas (106/112). B-cell lymphomas of non—germinal
center derivation were generally negative (0/33 chronic
lymphocytic leukemias/small lymphocytic lymphomas,
3149 marginal zone lymphomas, and 2166 mantle cell
lymphomas).

Conclusions: In addition to other germinal center
markers, including BCL6, CDI10, HGAL, and LMO2,
KLHL6 immunohistochemistry may prove a useful
adjunct in the diagnosis and future classification of B-cell
lymphomas.

© American Society for Clinical Pathology, 2017. All rights reserved.
For permissions, please e-mail: journals.permissions@oup.com

Immunohistochemical staining for specific markers
of differentiation has become a critical component in the
classification and diagnosis of hematopoietic neoplasms.
Markers of germinal center differentiation in B-cell neo-
plasms are of special interest, both because several B-cell
lymphomas correspond to the germinal center phase of
B-cell development and also because the germinal center
phenotype appears to define a prognostically significant
subset of diffuse large B-cell lymphomas (DLBCLs).'

The KLHL6 gene was first described in a comple-
mentary DNA subtraction screen to identify factors that
might be involved in developmental immunoglobulin
gene mutation in ovine B cells. Subsequently, specific
overexpression of this gene was shown in human germi-
nal centers.” KLHLG6 belongs to the BTB-Kelch family
of proteins. Family members contain BTB domains (for
Broad-Complex, Tramtrack, and Bric-a-brac) as well as
Kelch motifs (named for their structural similarity to the
kelch gene in Drosophila melanogaster). Both domains
are protein-protein interaction domains. There is rela-
tively little published literature concerning the function
of these proteins, especially in humans, but they appear
to be involved in a diverse set of cellular functions,
particularly regulation of protein turnover, as some
act as substrate recognition components for ubiquitin
ligases.”* In mammals, a member of the BTB-Kelch
family known as KEAP1 is required for Nrf2-dependent
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regulation of antioxidant and detoxification-related
genes.” Haploinsufficiency for KLHLI0 causes infertil-
ity," and GAN (gigaxonin) mutations underlie the disor-
der giant axon neuropathy.” KLHL24, the closest family
member to KLHL6, regulates protein levels of cytokera-
tin 14, and dominant mutations in its gene contribute to
epidermolysis bullosa.”

KLHLG6 is highly conserved throughout vertebrates.
In mammals, evidence suggests that KLHL6 functions
in B-cell signaling and is required for the germinal cen-
ter response. Although the gene is expressed throughout
B-cell ontogeny, KLHL6 " mice have apparently normal
early B-cell development. However, mature B-cell num-
bers are reduced, and germinal center formation, anti-
gen-dependent B-cell proliferation, and formation of
memory B cells are all impaired.” A more recent study
identified KLHL6 protein as a component of the B-cell
receptor signalosome. "

Levels of KLHL6 messenger RNA (mRNA) are
markedly increased in tissues and purified cells enriched
for germinal center B cells.” Because mature B-cell lym-
phomas often recapitulate to some extent the phenotypes
of mature B-cell subsets, and because the distinction
between germinal center and non—germinal center B cells
also appears to have significance within existing disease
entities as currently defined,’ we sought to explore the
expression of this molecule in a variety of B-cell lym-
phomas. In addition, it has been recently reported that
recurrent somatic mutations, sometimes biallelic, in
the KLHLG6 gene are present in some B-cell neoplasms,
including DLBCL," chronic lymphocytic leukemia,'*"
and marginal zone lymphoma," further highlighting its
likely biologic significance.

Materials and Methods

Gene Expression Analysis

Data for RNA sequencing analysis of normal tissues
were obtained from RNAseq Atlas."” Raw cel files for pub-
licly available Affymetrix (Santa Clara, CA) U133 plus
2.0 gene expression microarray data for normal immune
cells (GSE49910),'° normal B cells and B-cell malignan-
cies (GSE12453),"” and DLBCL tumors (GSE10846)"
were obtained from the gene expression omnibus. Data
were robust multiarray average normalized using the
ExpressionFileCreator module of GenePattern.” Scores
to categorize DLBCL tumors by cell of origin subtype
were calculated according to the Wright algorithm.” For
Affymetrix U133B microarrays, only a single probe set
is present for KLHL6. For Affymetrix U133 plus two
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microarrays, intensities from the four probe sets for KLHL6
(1555275_a_at, 1560396_at, 1560397 _s_at, 228167_at) were
averaged for use in survival analysis. Association between
KLHLG6 transcript level and survival was tested in two cyclo-
phosphamide/doxorubicin/vincristine/prednisone (CHOP)-
treated and two R-CHOP (CHOP plus rituximab)-treated
cohorts using Cox regression. Survival associations were
also tested in the Visco et al’' data set by dichotomizing
samples into those with expression values higher or lower
than the data set median and using a log-rank test. The
same grouping and log-rank test was used for independent
analysis of activated B-cell (ABC)-like and germinal center
B-cell (GCB)-like subtypes, according to the classification
reported in their study, which had been shown to be valid
in a direct comparison of fresh/frozen and formalin-fixed,
paraffin-embedded (FFPE)-derived RNA.”

Tissue Samples

FFPE tissue samples were obtained from the archives
of the Department of Pathology, Stanford University
School of Medicine, Stanford, California. A total of 1,105
tumors, including 1,044 lymphoid neoplasms, were stud-
ied. Tissue microarrays (TMAs) incorporating FFPE tis-
sue were constructed as previously described.” All tissues
were obtained prior to treatment, and institutional review
board approval from Stanford University was obtained for
this study. For expression in normal hematopoietic tissues,
whole tissue sections of normal human spleen, thymus,
bone marrow, and tonsil were used. For expression in non-
hematopoietic tissues, a TMA containing samples of nor-
mal uterus, thyroid, testis, stomach, salivary gland, prostate,
parathyroid, pancreas, lung, liver, kidney, heart, colon,
brain, adrenal gland, skeletal muscle, and placenta was
used. Hematolymphoid neoplasia was classified according
to the 2016 World Health Organization classification.”

Monoclonal KLHL6 Antibody Validation

The 92C murine monoclonal antibody was generated
using recombinant polyhistidine-tagged human KLHL6
protein as the antigen. The antibody was able to specifically
identify overexpressed human V5-tagged KLHLG6 protein
in HEK293T cells by Western blotting (Supplemental
Figure 1; all supplemental materials can be found at
the American Journal of Clinical Pathology online) and
immunohistochemistry on frozen cytospin preparations
(Supplemental Figure 2). Although there are 42 KLHL
family genes in humans, these are quite diverse. The two
most closely related family members are KLHL24 and
KLHL35, which show only 42.5% and 33.2% sequence
identity at the protein level, respectively, indicating a very
low likelihood of meaningful cross-reactivity.
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Automated Staining Platform and

Antibody/Clone Dilution Conditions Source

KLHL6/92C 1:3 Leica Bond-Max;ER2 protocol Courtesy of Giovanna Roncador
HGAL/MRQ-49 1:100 Leica Bond-Max;ER2 protocol Cell Marque, Rocklin, CA

CD10/56C6 1:20 Leica Bond-Max;ER2 protocol Novocastra, Newcastle-upon-Tyne, UK
BCL6/GL191E/A8 1:100 Ventana BenchMark;mild retrieval Cell Marque, Rocklin, CA

Immunohistochemistry

The antibodies against KLHL6, HGAL, CD10, and
BCL6 used here and the conditions used for immunohis-
tochemistry are shown in ETable 10. All immunostaining
was performed on 4-um-thick sections of FFPE tissues
in the form of TMAs or as whole sections. Automated
immunostainers were used: Leica BOND-MAX (Leica
Biosystems, Buffalo Grove, IL) and Ventana BenchMark
(Ventana Medical Systems, Tucson, AZ). Cases were
considered positive for KLHLG6 if at least 5% of tumor
cells were stained and strong positive if there was strong,
diffuse staining in greater than 30% of tumor cells. This
cutoff was selected as we felt it would most reproducibly
separate cases into three groups. The other stains were
considered positive if more than 30% of cells stained.
Cases were scored by two pathologists (C.A.K. and Y.N.);
discrepant cases were jointly reviewed using a multi-
headed microscope and a final score assigned.

Data Analysis and Visualization

Images of normal human hematolymphoid tis-
sue and TMA immunohistochemical staining results
were acquired using a Nikon Eclipse E1000 microscope
(Nikon, Tokyo, Japan) equipped with x4, x10, x20, x40,
and X60 objective lenses with numerical apertures rang-
ing from 0.05 to 0.90. Images were captured with a SPOT
flex mosaic 15.2 digital camera and software (Diagnostic
Instruments, Sterling Heights, MI).

Results

KLHL6 Gene Expression in Normal and Neoplastic
Tissues

KLHL6 gene expression was highest in spleen
among normal organs evaluated and was specifically
upregulated in germinal center B cells, in agreement with
previous reports2 EFigure 1AL, EFigure 1BN, and BFigure 1CI.
The data show that some expression of KLHLG6 also
occurs in non-B cells (Figure 1B), at least at the mRNA
level, suggesting either that it has a broader role in other
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cell types at a lower expression level or that protein
expression is suppressed at the posttranscriptional level.
Among a small number of cases of DLBCL, follicular
lymphoma, and Burkitt lymphoma (nine, five, and five
cases, respectively), KLHL6 was expressed at similar
levels, although a few cases of follicular lymphoma and
DLBCL showed markedly increased levels (Figure 1C).
In cases of DLBCL, RNA expression levels of KLHL6
did not differentiate strongly between the germinal cen-
ter and activated B cell types BFigure 1DB. Despite this,
however, expression levels were strongly prognostic, with
higher expression levels predicting longer overall sur-
vival EFigure 1EN in the overall cohort as well as within
both the GCB-like EFigure 1Fl and ABC-like EFigure 1Gl
subtypes.

KLHLG6 Protein Expression in Normal Tissues

We used immunohistochemistry to determine the
KLHL6 expression status of normal tissues. Sections
of lymph nodes and tonsil showed cytoplasmic staining
restricted to germinal centers, with variable Golgi accen-
tuation Blmage 1AL, Blmage 1CH, and Blmage 1EN. The stain-
ing pattern is similar to another cytoplasmic germinal
center B-cell marker, HGAL Blmage 1Bl, Bllmage 1DI, and
Blmage 1Fl. No significant staining was observed in thy-
mus, spleen, bone marrow, or a wide variety of nonhe-
matopoietic tissues (except when germinal centers were
present).

KLHL6 Expression in Lymphomas

Immunohistochemistry for KLHL6 was performed
on 667 non-Hodgkin B-cell lymphomas, 192 cases of
classical and nodular lymphocyte-predominant Hodgkin
lymphoma, and 246 other neoplasms, including plasma
cell neoplasms, T-cell lymphomas, and nonhematopoietic
tumors. Staining was observed in most follicular lympho-
mas as well as in a significant subset of DLBCLs and
Hodgkin lymphomas; the data for all tumors tested are
presented in ETable 21

In follicular lymphoma, the KLHL6 antibody
labeled tumor cells in follicles as well in interfollicular
areas, paralleling the staining pattern seen with other
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BFigure 10 Transcript abundance of KLHL6. A, Measurement of KLHL6 (NM_130446) by RNAseq in normal human tissues
shows strongest expression in the spleen. Data presented in reads per kilobase mapped (RPKM). Colors added to empha-

size high values only. B, Gene expression microarray analysis of normal immune cells shows highest KLHL6 (1555275_a_at)
expression in B cells. Data presented as Iogz—transformed probe intensity. Coloring of the lineages has no special significance.
C, KLHL®6 is highly expressed in germinal center B cells (centrocytes and centroblasts) compared with normal naive B cells,
memory B cells, and plasma cells. Data presented as Iogz-transformed probe intensity. BL, Burkitt lymphoma; FL, follicular lym-
phoma; DLBCL, diffuse large B-cell lymphoma. D, Despite being strongly expressed in normal germinal center B cells, KLHL6
is not strongly associated with the germinal center B-cell (GCB)-like subtype of DLBCL. Row-normalized probe intensities for

KLHL6 are shown for 470 tumors from Visco et al*’

ordered from left to right according to increasing probability of being an

activated B-cell (ABC)-like subtype (blue) and decreasing probability of being a GCB-like subtype (orange). Classification scores
are calculated based upon gene expression profiling data according to the Wright algorithm. The heatmap for KLHL6 expression
is row normalized, with red indicating higher expression and blue indicating lower expression. E, Kaplan-Meier survival curves
of 470 DLBCL tumors dichotomized in tumors having expression greater than (red) or less than (blue) the data set median.
Higher expression was associated with superior overall survival (log-rank P = .002).

well-characterized germinal center markers Bllmage 20, top
row). Cases of DLBCL showed wide variability of stain-
ing, from completely negative to very strong (Image 2, mid-
dle and bottom rows). B-cell lymphomas considered of
non-—germinal center origin were almost entirely negative,
with rare exceptions Ilmage 3AN shows a KLHL6-positive
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case of mantle cell lymphoma). A subset of classical
Hodgkin lymphomas also showed significant staining,
with the antibody showing cytoplasmic reactivity in the
large, atypical cells Blmage 3Bl, and similar staining was
seen in nodular lymphocyte-predominant Hodgkin lym-
phoma Bmage 3CI. Staining was generally weaker in these

© American Society for Clinical Pathology



AJCP | ORIGINAL ARTICLE

i 1.0
K]
2
<
3 p .
£ 054 —
®
E
E
=]
(8]

0.0

0 5 10

Overall Survival (y)

1.0 1

0.5

Cumulative Survival

0.0

0 5 10
Overall Survival (y)

BFigure 10 (cont) F, Kaplan-Meier survival curve of GCB-like tumors (n = 179) with expression greater than (red) or less than
(blue) the data set median. Higher KLHL6 expression was able to predict superior overall survival within this subtype (log-rank
P =.031). G, Kaplan-Meier survival curve of ABC-like tumors (n = 260) with expression greater than (red) or less than (blue) the
data set median. Higher KLHL6 expression was able to predict superior overall survival within this subtype (log-rank P = .022).

cases than in cases of follicular lymphoma or DLBCL.
T-cell lymphomas were negative, although weak staining
was observed in one case of transformed mycosis fungoi-
des llmage 3DI.

Expression of KLHL6 in Lymphomas Compared With
Other Germinal Center Markers

Germinal center B-cell markers have diagnostic util-
ity in the classification of small B-cell lymphomas. In
addition, the expression of these markers in DLBCL is
of particular interest, as a percentage of cases of de novo
DLBCL appears to derive from germinal center B cells,
and these cases (at least when defined by gene expres-
sion profiling) have a better prognosis independent of
the usual clinicopathologic features." For these reasons,
we compared the staining pattern of KLHL6 with three
previously characterized markers now in routine clinical
practice (CD10, BCL6, and HGAL).

More than 75% of the 57 cases of low-grade (grades
1-2) follicular lymphoma that could be scored for all
markers were positive for all four. However, in grade 3
follicular lymphoma, expression of one or more markers
was lost in most cases, with loss of CD10 being the most
frequent (38.5% of cases). In this sample of 38 cases of
grade 3 follicular lymphoma, KLHL6 was positive in all
cases WFigure 20

In DLBCL, expression of each germinal center pro-
tein was seen in a subset of cases ITable 30. In 57 cases of
DLBCL, the expression of all four markers could be eval-
uated. The most common immunophenotypes (each seen
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in 10 cases or 15.7%) were absence of all four markers
(Image 2, bottom row) or expression of all four markers
(Image 2, middle row). The next most common pattern
(nine cases or 15.8%) was expression of KLHL6, HGAL,
and BCL6 without CD10, similar to the findings seen in
high-grade follicular lymphoma BFigure 31.

To determine the relationship of KLHL6 expression
to the GCB and ABC subtypes of DLBCL, a subset of
cases was stained for CD10, BCL6, and MUMI, in addi-
tion to KLHL6, to determine subtype according to the
algorithm by Hans et al.” Of 325 cases evaluable for all
four markers, 173 (53.2%) typed as GCB and 152 (47.8%)
typed as ABC according to this algorithm. Of the GCB-
type cases, 85.0% were KLHL6 positive. Of the ABC-type
cases, 82.2% were KLLHLG6 positive.

Given the impressive prognostic ability of KLHL6
mRNA expression within DLBCL, we investigated
whether protein expression by immunohistochemistry in
a cohort of 150 R-CHOP-treated DLBCL cases might
also predict prognosis. However, in the context of this
cohort and using our conditions for immunohistochemis-
try, no prognostic significance was observed at the protein
level (data not shown).

Discussion

The expression of KLHL6 is restricted to the
B-cell lineage and is highly upregulated in B cells
during the germinal center reaction.”” The protein’s
function, however, remains elusive, and homology
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KLHLG6 Protein Expression by Immunohistochemistry in Human Neoplasms
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Neoplasm No. of Cases No. (%) Positive No. (%) Strong Positive
Follicular lymphoma 112 106 (94.6) 76 (67.9)
Diffuse large B-cell ymphoma 394 334 (84.8) 182 (46.2)
Mantle cell lymphoma 66 2 (3.0) 2 (3.0)
Chronic lymphocytic lymphoma 33 0(0) 0 (0)
Extranodal marginal zone lymphoma 32 0 (0) 0 (0)
Nodal marginal zone lymphoma 9 3(33.0) 2 (22.0)
Splenic marginal zone lymphoma 8 0(0) 0 (0)
Burkitt lymphoma 6 4 (66.7) 2 (33.3)
Lymphoplasmacytic lymphoma 7 0 (0) 0 (0)
Classical Hodgkin lymphoma 181 72 (39.8) 5(2.8)
Nodular lymphocyte-predominant Hodgkin lymphoma 1 11 (100.0) 10 (50.0)
Plasma cell neoplasms 139 10 (7.2) 1(0.7)

B lymphoblastic leukemia 4 0 (0) 0(0)

T lymphoblastic leukemia 9 0 (0) 0 (0)
T-cell lymphomas 30 1(3.3) 0 (0)
Acute myeloid leukemia 1 0(0) 0 (0)
Extranodal natural killer/T-cell ymphomas 3 0 (0) 0 (0)
Langerhans cell histiocytosis 3 1(33.3) 0 (0)
Nonhematopoietic neoplasms 47 0(0) 0(0)

IImage 20 KLHL6 immunohistochemistry with anti-KLHL6 monoclonal antibody in lymphomas. Top row: a case of follicular
lymphoma stained with KLHL6, CD10, BCL6, and HGAL. Middle row: a case of diffuse large B-cell ymphoma (DLBCL) show-
ing staining for KLHL6, CD10, BCL6, and HGAL. Bottom row: another case of DLBCL without expression of KLHL6, CD10,

BCLG, or HGAL. (x200)
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BImage 30 A, Unusual KLHL6 staining in a case of mantle cell ymphoma. B, KLHL6 staining in a case of classical Hodgkin
lymphoma. C, KLHL6 staining in a case of nodular lymphocyte-predominant Hodgkin lymphoma. D, Weak KLHL6 staining in a
case of transformed mycosis fungoides. (x200)

is not particularly enlightening in this case as BTB-
Kelch proteins are involved in a wide variety of cel-
lular activities. The molecule’s possible importance
in B-cell function and neoplasia is further supported
by the finding that the gene is recurrently mutated in
some B-cell lymphomas.'""

Thus far, there are limited published data on KLHL6
protein expression in hematopoietic malignancies. In
Hodgkin lymphoma, Nam-Cha et al*® showed positivity
for KLHL6 by immunohistochemistry in 23 of 57 clas-
sical Hodgkin lymphomas, 11 of 16 lymphocyte-rich
classical Hodgkin lymphomas, and 47 of 60 nodular
lymphocyte-predominant Hodgkin lymphomas. A series

472 AmJ Clin Pathol 2017;148:465-476
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of plasmablastic lymphomas showed at least weak reac-
tivity in six of 35 cases.” A study of cutaneous lympho-
mas showed staining in follicle center cell lymphomas
and DLBCL leg type but not in cutaneous marginal zone
lymphomas.™

This study complements and expands these early data
to a broad variety of human lymphomas with a greater
number of cases. It provides additional evidence that
KLHLG6, at the protein level as well as at the transcrip-
tion level, is strongly and specifically expressed in germi-
nal center B cells and in hematopoietic neoplasms derived
from these cells. This specificity makes KLHL6 a useful
diagnostic marker.

© American Society for Clinical Pathology
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IFigure 20 Expression of germinal center markers in follicular lymphoma. Histogram showing the proportion of cases staining
positive for each germinal center marker (CD10, BCL6, HGAL, and KLHL®) in grade 1 to 2 follicular lymphoma and in grade 3

follicular lymphoma.

ITable 30

Immunohistochemistry for KLHL6 in 60 Cases of Diffuse Large
B-Cell Lymphoma Compared With Other Germinal Center
B-Cell Markers

Score KLHL6, No. HGAL, No. CD10, No. BCL6, No.
Strong positive 20 21 18 22

Weak positive 22 i 7 9
Negative 18 27 33 29
Cannot assess 0 1 2 0

Our data show that, like other germinal center mark-
ers, KLHLG6 is expressed in a subset of DLBCLs. The
prognostically significant division of this clinically het-
erogeneous group of neoplasms into GBC and ABC
types was originally based on gene expression profiling,'
but much effort has been expended attempting to devise
an immunohistochemical surrogate for this expensive and
cumbersome test. The most studied immunohistochem-
ical system for subclassifying cases is by Hans et al,”
who showed that an algorithm using CD10, BCL6, and
MUMI expression could classify cases into groups with
significantly different overall survival, independent of the
International Prognostic Index, which remains the prin-
cipal tool for prognostication in DLBCL. This algorithm
or subtle variations thereupon have shown prognostic sig-
nificance in other studies.”””" More recently, Choi et al’'
devised an expanded algorithm (incorporating GCET1
and FOXPI into the list of markers) and achieved 93%
concordance with gene expression profiling performed on
the same cases, which was an improvement over the Hans
et al” algorithm alone in their series. Overall, however,
the use of immunohistochemistry for stratifying cases of

© American Society for Clinical Pathology

DLBCL into germinal center and non—germinal center
types has been difficult to integrate into routine clinical
practice, largely because the scoring of some markers, as
well as the technical efficacy of staining, may vary widely
from laboratory to laboratory.” In addition, different large
studies have shown conflicting results regarding the tech-
nique’s value, especially now that essentially all patients
with B-cell lymphomas receive rituximab.”"” Although
the current study does not provide an answer to whether
addition of another germinal center marker would lead to
refinement of immunohistochemistry-based assignment
to GCB or ABC types, the observation that most cases
typing as both GCB and ABC according to the Hans
et al” algorithm were KLHLG6 positive suggests that it
may not be.

Nodular lymphocyte-predominant Hodgkin lym-
phoma is a germinal center B-cell-derived lymphoma
with evidence of somatic hypermutation in tumor
cells* as well as expression of B-cell and also germi-
nal center B-cell antigens detectable by immunohisto-
chemistry. The situation is somewhat more complex in
classical Hodgkin lymphoma, which also shows frequent
somatic hypermutation,’ suggesting a post—germinal
center B cell of origin. However, most cases do not show
high expression of B-cell antigens. The finding that at
least a subset of cases expresses KLHL6 provides fur-
ther evidence to support the germinal center origin of
these neoplasms.

Additional highly specific germinal center markers
such as KLHL6 are also likely to be useful diagnostic
adjuncts in the separation of germinal center and non—
germinal center—derived B-cell lymphomas. For example,

Am J Clin Pathol 2017;148:465-476 473
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BFigure 31 Immunophenotypes of 52 cases of diffuse large
B-cell lymphoma. Diagram demonstrating the relative
frequencies of germinal center (GC) and Hans et al”® algo-
rithm marker immunophenotypes in 52 cases of diffuse
large B-cell ymphoma. The percentage of cases within the
Hans-defined GC and non-GC (NGC) groups is given under
each column. White indicates marker positivity while black
indicates the marker was negative. KLHL6 was considered
positive if at least 5% of the cells stained, as described in
the Materials and Methods section, whereas cutoffs of 30%
were used for the other antibodies, for consistency with the
original Hans et al*® model.

the distinction of nodal and extranodal marginal zone
lymphomas with follicular colonization from follicular
lymphoma would be one situation in which additional
evidence for germinal center origin may prove helpful.
The observation that KLHL6 mRNA levels pre-
dict prognosis in DLBCL is important and deserves
further inquiry. In particular, it will be important to
determine whether this prognostic power is retained
after controlling for known prognostic factors, which
was not possible in this study, and a more sophisti-
cated approach for determining the cutoffs between
“high” and “low” may also yield a more impressive
separation. It is interesting that mRNA levels do
not correlate directly with GCB vs ABC subtypes,

474 AmJ Clin Pathol 2017;148:465-476
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similar to what was seen with immunohistochemistry,
but that prognostic significance was only seen at the
mRNA level. This discontinuity is unfortunate but
underscores the significant differences between mea-
suring expression at the message and protein levels. It
is possible that protein levels reflected in the intensity
of staining (reflecting protein abundance) rather than
binary absence or presence would be more powerful, as
most of our cases were “KLHLG6 positive,” whereas for
the purposes of the mRNA analysis, half of cases with
expression levels below the median was compared with
the other half. As such, it remains an open question as
to whether prognostic significance can be shown using
immunohistochemical intensity as a continuous vari-
able or by altering the cutoff criteria.

It is also notable that mRNA expression was for the
most part similar between cases of follicular lymphoma,
DLBCL, and Burkitt lymphoma. This is consistent with
the finding that the gene is expressed at all stages of B-cell
development, but it is surprising that levels were not nota-
bly higher in follicular and Burkitt lymphoma, which are
both neoplasms of germinal center B cells (the subtype of
the DLBCL cases is not known). However, the number
of cases was very small, and future studies incorporating
more cases and different histologies will better delineate
differences in mRNA levels between lymphoma types.

As mentioned above, recurring mutations in KLHL6
have been described in human lymphomas''"* as well as
in other neoplasms, but the distribution of such muta-
tions across lymphoma types has not been reported as
yet. We are unaware of the mutation status of KLHL6
in the cases in our sample, but correlation between
mutation status and KLHL6 immunohistochemistry
would also be a potentially useful avenue for further
investigation.

In conclusion, we have investigated the novel ger-
minal center protein KLHL6 in normal and neoplas-
tic tissues at the mRNA and protein levels, and in
particular, we have described the spectrum of immu-
nohistochemical staining in lymphomas using a new
monoclonal antibody. The specificity of this marker
for B cells of germinal center origin makes it a prom-
ising tool for the diagnosis of lymphoid neoplasms.
Our understanding of the normal germinal center B
cell and its neoplastic counterparts continues to evolve
with the discovery and characterization of new mole-
cules expressed as part of the germinal center program.
New pathologic and molecular insights into this pro-
gram will likely permit a more biologically and clini-
cally meaningful classification of B-cell lymphomas to
emerge in the future.

© American Society for Clinical Pathology
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