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Beta-2 microglobulin (B2M) is a subunit of the major histocompatibility complex (MHC) class |
molecule present on all nucleated cells and thrombocytes®. It is especially abundant in
immunocompetent cells, such as lymphocytes and monocytes?. The synthesis of B2M is
regulated by interferons and proinflammatory monocytic cytokines®*. Under physiological
conditions, it is present at low levels in serum, urine and other body fluids®. B2M is generated at
a constant rate and is eliminated by the kidneys. Elevated B2M levels are observed in many
diseases, including renal disease® immunodeficiency, autoimmune®?, and inflammatory bowel
diseases’. Several cohort studies, including the ARIC study®, have reported a positive association
between B2M and all-cause, cardiovascular, and diabetes mortality*®®°. Serum B2M was shown
to better predict mortality than other inflammatory markers such as C-reactive protein®.

Many studies have demonstrated that serum or urine B2M concentration is increased at the time
of diagnosis or thereafter in a variety of abnormal growth diseases including B-cell leukemia,
lymphomas and multiple myeloma®*. In the lymphoid malignancies, the B2M level serves as an
independent and significant prognostic factor. Several studies have also shown increased
circulating B2M in patients with solid tumors: breast, prostate, lung, renal, gastrointestinal and
nasopharyngeal cancers>!**3, Unexpectedly, studies on the progression of colorectal cancer
(especially colorectal tumors with microsatellite instability) suggest that high B2M expression in
colorectal tumor tissues is associated with absence of metastasis, disease relapse, and favorable
outcome>***". To our knowledge, all of the studies on this topic have examined B2M levels after
cancer diagnosis.

Recent studies have suggested that B2M is expressed in different ways in normal and tumor cells
and the impact of B2M could vary at various stages of cancer development™. In spite of this,
there have been no studies examining circulating B2M in relation to cancer risk. Likewise,
mechanisms explaining the associations between B2M and the development of malignant
diseases have not been previously examined, but given its diverse functions, B2M could both
promote (e.g., as an inflammatory marker or growth stimulating factor that activates tumor cell
growth, epithelial mesenchymal transition, systemic spread, and bone metastasis) and inhibit
tumor development (apoptosis-inducing)>**. We hypothesize that in healthy people, an increase
in B2M reflects an ongoing low-grade inflammation which starts as the activation of
macrophages and T-lymphocytes and leads to the secretion of cytokines, followed by the chronic
activation of other types of inflammatory cells™. One possible explanation for an inverse
association with colorectal cancer progression is that a decreased expression of B2M leads to the
loss of MHC class I-mediated antigen presentation, allowing tumor cells to evade immune
destruction by cytotoxic T cells.

5. Main Hypothesis/Study Questions:

e Isserum B2M measured prior to cancer detection associated with increased cancer risk
and mortality from cancer? We are planning to examine all cancers combined, the four
most common solid cancers (colorectal, lung, prostate, and breast cancers) individually,
and hematological cancers combined.

e Are the observed associations independent of other inflammatory risk factors (CRP,
white blood cell counts, fibrinogen)?

Our strongest hypothesis is that B2M is positively associated with the risk and mortality of:



e colorectal cancer since this is the cancer most consistently associated with inflammation
and

e hematological cancers (combined) due to the established role of B2M in the progression
of myeloma and lymphoma.

Currently, incident cancer cases have been ascertained until 2006 in the ARIC cohort. First, we
are planning to conduct an exploratory analysis and publish a brief report of the association of
B2M and cancer incidence and mortality (total, four most prevalent cancers, and hematological
cancers combined). We are unaware of any previous studies on this topic. If our hypotheses are
confirmed, our writing group will submit additional proposals in order to examine each of the
cancer-specific associations in more detail (e.g., by stage, subsite for colorectal cancer) and the
survival of cancer patients after the new linkage is complete. Since there will be many more
cases after the completion of linkage, in the future, we will examine:

e SNPs that were shown to be associated with B2M level in the ARIC GWAS* in relation

to cancer risk;
e Survival of cancer patients in relation to circulating B2M and
e Interaction with BMI, smoking, and hormone therapy in great detail.

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of
interest with specific reference to the time of their collection, summary of data analysis,
and any anticipated methodologic limitations or challenges if present).

Study design: Prospective cohort of all ARIC participants without prevalent cancer at Visit 2.

B2M, CRP, Cystatin C, and creatinine were measured in 2012-2013 in frozen serum in all ARIC
participants with available stored serum samples as part of Liz Selvin’s Ancillary Study. Thus,
Visit 2 will serve as the baseline for this analysis.

Inclusion/Exclusion into the analytic cohort:
e Exclude individuals diagnosed with cancer prior to Visit 2
e Exclude individuals for whom B2M measurement is missing
¢ Include only white or black; black in Jackson, white in Minneapolis and Washington
County

Independent variables: Serum B2M was measured at ARIC Visit 2 for all the participants.

B2M was measured in serum using Roche f2M reagent on the Roche Modular P Chemistry
analyzer. Latex-bound anti-2-microglobulin antibodies react with antigen from the sample to
form antigen/antibody complexes which are determined turbidimetrically after agglutination.
The laboratory inter-assay CV was 7.3% at a value of 1.58 mg/L and 5.9% at a value of

0.66 mg/L.

Dependent variables: During 1990-2006, there were ~2600 incident total cancers ascertained,
including 270 colorectal, 380 post-menopausal breast, 570 prostate, 350 lung and 190
(combined) hematological cancers. Hematological cancers will be examined because the
strongest association between B2M and cancer progression has been observed for myeloma and




lymphoma. In addition, we will examine an association of B2M with total and cancer-specific
mortality.

Other covariates (Visit 2 unless otherwise noted) include age, race, study site, sex, education,
physical activity, reproductive factors (age at menarche, number of live births) in the analysis of
female breast cancer, blood fibrinogen, (all measured at Visit 1), smoking status and number of
smoking-years, age at menopause and use of post-menopausal hormones (current/former/never
use) for women, aspirin use, white blood cell count, C-reactive protein, serum creatinine, and
cystatin C.

Analysis: Baseline characteristics of participants will be examined across quartiles of B2M
using chi-square tests or proc gim. We will use Cox proportional hazards regression to estimate
the age and multivariable hazard ratios (and 95% confidence intervals) for cancer incidence and
mortality (overall and by cancer type) in relation to B2M.We will examine all the associations in
the whole cohort and stratified by sex. Participants will start contributing time at risk at the
second visit (1990-1992) with time since Visit 2 as the time metric. Time to cancer incidence
will be calculated as the time from baseline to December 31, 2006, the date of the first primary
cancer diagnosis, death or loss to follow-up, whichever occurred first. Time to cancer mortality
will be calculated as the time from baseline to December 31, 2009, death or loss to follow-up,
whichever occurred first. Cubic splines will be used to test for non-linearity, and guide decisions
regarding the correct way to model B2M. Tentatively, we anticipate that B2M will be examined
as quartiles and as a continuous variable. The proportional hazards assumption will be tested by
graphing the log(-log(survival)) versus log(time). For all observed associations, we will examine
whether they persist after excluding the first 2-5 years of follow-up in order to allow for a
latency period. Interactions with age, sex, smoking, and BMI will be examined when power
allows.

All the variables (“other covariates listed above”) will be tested as potential confounders. We
will adjust for other markers of kidney function such as serum creatinine and cystatin C, given
that B2M is a biomarker of kidney function and several studies suggested that (1) kidney
dysfunction is associated with total and specific cancer subtypes™?! and (2) cystatin C may be
correlated with poor prognosis in the progression of several cancers — breast, ovarian,
gastrointestinal cancers and multiple myeloma#?#. To test an independent role of kidney
function on cancer development, we will also examine an association between creatinine and
cystatin C and cancer risk and mortality in an additional analysis.
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