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OBJECTIVE — To develop a resource, consisting of comprehensive data and lymphoblastoid
cell lines, of well-characterized NIDDM families that will be available to the scientific community
for genetic studies of NIDDM.

RESEARCH DESIGN AND METHODS — Non-Hispanic white, Hispanic, African-
American, and Japanese-American multiplex NIDDM families, with a minimum of one affected
sib-pair, are being collected by the eight Harold Rifkin Family Acquisition Centers. Detailed
family and medical histories are obtained from all participants. Family members with diabetes
have fasting blood samples drawn, while nondiabetic family members have an oral glucose
tolerance test and, when possible, insulin sensitivity and insulin secretion measurements by
frequently sampled intravenous glucose tolerance testing or euglycemic insulin clamp. Lympho-
blastoid cell lines are established for all participants.

RESULTS — Over 1,400 individuals from ~220 families have been studied since the start of
the GENNID (Genetics of NIDDM) program in July 1993. The goal is that by July 1997, data
from 300 non-Hispanic white families, >100 Hispanic families, >100 African-American fami-
lies, and 15 Japanese-American families will have been collected.

CONCLUSIONS — The identification of the genes responsible for NIDDM may now be
achievable, but only if sound phenotypic data are linked to genetic material from a large number
of well-described multiplex families. The GENNID project of the American Diabetes Association
is creating a comprehensive resource that will expedite the identification of the genetic basis of
NIDDM.

IDDM imparts a heavy burden on
our public’s health and results in
significant personal and societal

costs. In 1992, patients with diabetes con-
stituted 4.5% of the U.S. population but
accounted for 14.6% of total U.S. health
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care expenditures ($105 billion) (1). Ap-
proximately one in seven health care dol-
lars is currently spent on caring for indi-
viduals with diabetes, and 95% of these
patients have NIDDM (1). When the cost
to individuals in terms of lost wages for
affected individuals and their family
members is also considered, the financial
burden of this disease is staggering.

The impact of NIDDM goes far be-
yond economic issues. The disease short-
ens the life span and is associated with a
variety of disabling complications, such
as atherosclerosis, renal failure, and
blindness. The incidence of NIDDM is ris-
ing, and the disease is especially prevalent
among the aged, the poor, and many eth-
nic minorities (2—4). As the U.S. popula-
tion continues to age and becomes more
multiethnic, NIDDM will have an even
greater public health impact. Thus, iden-
tifying the underlying cause of NIDDM,
with the goals of preventing the disease
and developing more effective therapy, is
becoming increasingly important.

In the U.S., the prevalence of
NIDDM in Hispanic adults is three to five
times that in non-Hispanic whites, mak-
ing diabetes one of the most common
chronic diseases in this rapidly growing
population (5-13). It is thought that this
increased rate of NIDDM results from na-
tive Amerindian gene admixture in the
Hispanic population (14,15). Japanese
Americans have also been reported to
have increased diabetes rates, with up to
20% of Nisei (second-generation) men
and women affected (16,17). In the Afri-
can-American population, the prevalence
of NIDDM is 60% higher than in non-
Hispanic whites (18). Although part of
these differences in disease prevalence
may be due to environmental factors, ex-
cess diabetes prevalences have been re-
ported even when efforts were made to
control for environmental risks (18).

Several lines of evidence implicate
genetic factors in the etiology of NIDDM.
These data include the differential concor-
dance rates between monozygotic and
dizygotic twins, increased risk associated
with a positive family history, marked dif-
ferences in prevalence among various eth-
nic groups, and the fact that at least some
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Table 1—Enrollment criteria

1. Each family must have a minimum of two siblings with documented NIDDM. Diabetes is
to be documented using National Diabetes Data Group criteria. If both parents of the index
cases are known to have diabetes or have been told by a health care professional that they
have “borderline” diabetes, the family should not be enrolled.

2. Access to three first-degree relatives (in addition to the two NIDDM siblings) is required.
First-degree relatives include parents, siblings, and offspring. Whenever possible, all first-
degree relatives should be studied. If additional family members with NIDDM are studied,
attempts should be made to study their first-degree relatives as well. Family members must be

>18 years of age to be enrolled. (1993-1995)

3. The nondiabetic spouse of at least one of the NIDDM siblings should be studied as a
control. If no such spouse is available, an unrelated nondiabetic spouse of another
participating family member may be substituted. (1993-1995)

4. In addition to the minimum two affected siblings, other affected siblings and the parents
(diabetic or nondiabetic) should be studied when available. If both parents are not available
for study, up to two nondiabetic siblings should be studied as available. (1995-)

NIDDM cases can be attributed to alter-
ations in single genes (19,20). In dizy-
gotic twin pairs, the concordance rate is
approximately the same as that for all sib-
lings, while the monozygotic twin con-
cordance rate is significantly higher, ap-
proaching 100% in some studies. A
positive family history for diabetes is re-
ported by 25-50% of people with diabe-
tes, as compared with no more than 15%
of nondiabetic individuals (19). Diabetes
prevalence varies greatly among ethnic
groups, and certain Native American pop-
ulations, such as the Pima Indians, have
among the highest rates of NIDDM in the
world. The significant positive relation-
ship between the prevalence of NIDDM
among populations and the proportion of
Amerindian genes strongly suggests that
genetic risk factors play an important role
in these populations (15,21).

Some progress is being made in
identifying genetic alterations that can
cause NIDDM. For example, it has been
demonstrated that mutations in the insu-
lin gene, the insulin receptor gene, the
glucokinase gene, and a mitochondrial
tRNA gene can all cause diabetes (23-31).
However, these defects are responsible for
only a small percentage of NIDDM cases.
In spite of intensive research efforts, the
genetic and molecular bases for most
NIDDM cases remain unknown.

At least part of the reason for pre-
vious failures to localize genes contribut-
ing to NIDDM risk in the general popula-
tion is attributable to the lack of DNA and
clinical data on a sufficiently large sample
of informative pedigrees with NIDDM.
With technological developments in ana-
lyzing the structure of the human genome
and the construction of genetic linkage

maps, the tools now exist to unravel the
genetic basis for almost all forms of
NIDDM. Such research will undoubtedly
rely on genetic material derived from cell
lines from families in which diabetes is
frequent. This paper describes methods
being used by GENNID (Genetics of
NIDDM), the American Diabetes Associ-
ation’s multicenter project designed to
develop such a resource.

THE GENNID PROJECT — The
American Diabetes Association and its
scientific membership recognize the com-
pelling need to identify and characterize
multiplex NIDDM families for the pur-
poses of genetic studies. GENNID was de-
signed to establish such a comprehensive,
well-characterized resource. GENNID is
identifying multiplex NIDDM pedigrees
from several racial and ethnic groups
(non-Hispanic whites, Hispanics, Afri-
can-Americans, and Japanese-Ameri-
cans). Historical data, physical exam find-
ings, basic metabolic testing, and
transformed lymphoblastoid cell lines are
being collected. The genetic material and
the extensive database characterizing
each donor are now available to scientists
with plans to study the genetics of
NIDDM using both linkage and associa-
tion approaches. It is hoped that this valu-
able, robust, and carefully gathered re-
source will be a vital key to understanding
the complex genetic basis of NIDDM.

Sampling design

The primary goal of GENNID is to de-
velop a family-based resource to identify
genes important in the etiology of com-
monly occurring forms of NIDDM. It was
essential to maximize the probability that
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informative families would be recruited.
To achieve this goal, multiplex families
(i.e., families with a minimum of two doc-
umented sibling cases of NIDDM avail-
able for study) were necessary. At the
same time, however, there was concern
that recruiting only highly selected, very
large families with many cases of NIDDM
would enrich the sample with rare single-
gene forms of NIDDM. The decision was
therefore made to establish minimum en-
try criteria for a family and then recruit all
families meeting those criteria. Although
methods exist for analysis of affected rel-
atives of varying relationships, the most
straightforward approaches involve the
use of affected sib-pairs. Therefore, the
enrollment criteria for GENNID (Table 1)
require the availability of at least two sib-
lings (the index cases) affected with
NIDDM, using National Diabetes Data
Group criteria (either a fasting plasma
glucose concentration of 7.8 mmol/l
[=140 mg/dl] on more than one occasion
or a plasma glucose concentration of 11.1
mmol/l [=200 mg/dl] in the 2-h sample
and in at least one other sample during an
oral glucose tolerance test [OGTT]) (32).
Between July 1993 and carly 1995, en-
rollment also required at least three avail-
able additional first-degree relatives (par-
ents, siblings, or offspring) of cither of
these affected individuals (regardless of
diabetes status) and one nondiabetic eth-
nically matched individual (usually the
unaffected spouse of one of the index
cases) to act as an environmental control,
who could be used for marker association
(i.e., case control) studies. Examples of
pedigree structures meeting these criteria
are illustrated in Fig. 1.

Beginning in early 1995, enroll-
ment criteria were changed to maximize
the collection of informative affected sib-
ling pairs because the consensus of the
GENNID Oversight Committee (consult-
ants to the American Diabetes Associa-
tion) was that the majority of investigators
who would want to use the GENNID re-
source currently employ affected—sib-pair
analytic approaches. Therefore, current
ascertainment criteria are 1) the availabil-
ity of at least two siblings (the index cases)
affected with NIDDM according to Na-
tional Diabetes Data Group criteria (32)
and 2) the availability of one or both par-
ents or, if neither or only one parent can
be studied, the availability of at least two
additional siblings. A maximum of two
nondiabetic siblings can be included; any
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Figure 1—FExample pedigrees meeting minimum phase 1 GENNID entry criteria (1993-1995).
Numbers indicate the six individuals being studied to have the family qualify. @, B, individuals with

NIDDM.

number of additional siblings with
NIDDM can be studied. Examples of ped-
igrees meeting these criteria are illustrated
in Fig. 2.

It is likely that a variety of genes
and/or alleles are important in causing di-
abetes in different ethnic groups. Thus,
GENNID Family Acquisition Centers
were established to allow inclusion of
multiple ethnic and racial groups. During
the first 2 years, four of the eight GENNID
Family Acquisition Centers primarily as-
certained non-Hispanic white families,
three centers recruited Hispanic families,
and one center recruited African-
American families. One center recruiting
non-Hispanic whites also recruited Japa-
nese-American families. Since July 1995,
those centers recruiting Hispanic families
have also been recruiting non-Hispanic
white and African-American families, and
the centers recruiting non-Hispanic white
families have also been recruiting African-
American families. The ultimate goal is to
collect 300 non-Hispanic white families,
100 African-American families, and 100
Hispanic families (see below). Since many
families will have more than the mini-
mum of two affected siblings, these num-
bers represent an underestimate of the to-
tal number of sibling pairs anticipated to
be available.
Sample size and power. Determining the
minimum number of families needed for
a genetic study of this type is problematic
because the number of contributing genes
and the frequencies and effects of alleles at
these genes are unknown. Esti-

mates of power and sample sizes also vary
depending on whether a candidate gene
or a systematic mapping approach is
used, along with the degree of polymor-
phism of the DNA markers. The use of
qualitative traits (e.g., presence/absence
of diabetes) or quantitative traits (e.g., in-
sulin response to a glucose load) and the
methods of analysis selected will also in-
fluence power. In this section, we provide
estimates of power under multiple statis-
tical models.

Using a qualitative trait and a can-
didate gene approach, the sample size re-
quired to establish linkage with nonpara-
metric approaches can be quite small
when the gene has an effect that is mod-
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erate to large, even in the face of signifi-
cant genetic heterogeneity (Table 2) (33).
The power of the sib-pair linkage test is a
function of the number of loci, the size of
allelic effects, the frequency of the allele,
and the distance between the markers and
the gene of interest. In practice, qualita-
tive sib-pair approaches can effectively
demonstrate linkage between marker loci
and disease susceptibility loci using re-
latively modest sample sizes (34,35).
For example, Cudworth and Woodrow
(35) reported evidence for linkage of the
HLA region with insulin-dependent dia-
betes in 15 affected sib-pairs, one affected
sib-trio, and one affected sib-quad, show-
ing increased sharing of haplotypes iden-
tical by descent among affected siblings
(35).

Systematic mapping approaches,
in addition to candidate gene methods,
will likely be used by many investigators;
thus, the sample size must be large
enough to allow for the demonstration of
linkage under such conditions. Factors
that must be taken into account include
the density of the linkage map, the avail-
ability of parents (for determination that
alleles are identical by descent and not
just identical by state), the degree of poly-
morphism of the markers used, and the
number of genes responsible for a given
phenotype (36). Although it is unlikely
that the GENNID database will be large
enough to allow identification of all sus-
ceptibility loci, a significant number of
such loci should be detectable, particu-
larly in the non-Hispanic white popula-
tion.
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Figure 2—FExample pedigrees meeting phase 2 GENNID entry criteria (1995-). Numbers indicate
the individuals being studied to have the family qualify. In a family with one parent available for study
(), up to two unaffected siblings can be studied. In all three types of family structure, an unlimited
number of additional diabetic siblings can be studied. @B, individuals with NIDDM.
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Table 2—Sample sizes for a qualitative sib-pair linkage analysis, assuming multiple loci
acting independently with incomplete dominant expression, power = 0.90, and a one-sided

significance = 0.001

Number of disease loci

Sib-pair or trio

Required sample size

1
1
0
0
2
1
0
0
4
1
0
0

0,1

1 52
1 22
, 1 28
1 45
101
222
1 92
, 1 115
1 181
417
903
1 360
1 451
1 707
1,675

Depending on the number of loci contributing to a phenotype and the combinations of affected and unaf-
fected siblings available in each family, the sample size required to demonstrate linkage varies. This table
pgives examples of the sample sizes necessary to show linkage with the types of sibling combinations that are
being collected in GENNID. The penetrance function for one disease locusis f (A1A1) = f(Alal) = 0.8and
t(alal) == 0. For penetrance function for two disease loci, see National Diabetes Data Group (32), Table 2.
lor the siblings studied, 1, affected; 0, unaffected. Adapted from Ref. 32.

With quantitative sib-pair analy-
sis, factors that affect power include the
heritability of the trait analyzed, the fre-
quency of the gene that controls the trait
in the population, the number of alleles at
the marker locus, the number of sib-pairs,
the recombination fraction between the
marker and disease allele, and the level of
significance (Table 3) (37). In addition,
several studies have demonstrated the ef-
fectiveness of relatively small sample sizes
(37,38). Boerwinkle et al. (38), for exam-
ple, showed that most variation in plasma
lipoprotein (a) concentration is due to dif-
ferences in the apolipoprotein (a) gene us-
ing a total of 288 individuals (72 sib-pairs).

The GENNID protocol

As diagrammed in Fig. 3, individuals en-
rolled in the GENNID project undergo
several evaluations. Index cases and other
family members with documented
NIDDM have fasting blood samples col-
lected to measure glucose, insulin (unless
receiving insulin therapy), and lipids and
to obtain lymphoblastoid cell lines. Fam-
ily members not known to have diabetes
additionally have an OGTT. Those whose
OGTTs demonstrate normal or impaired
glucose tolerance also, when possible, un-
dergo testing to assess insulin sensitivity
and insulin secretion. At most centers, a

frequently sampled intravenous glucose
tolerance test (FSIVGTT) is performed,
while at the University of Texas, San An-
tonio, a euglycemic insulin clamp is used.
Questionnaires. Although preliminary
pedigree information is collected in the
process of determining a family’s eligibil-
ity, more comprehensive information is
collected at the study visit. Information
regarding age, sex, relationship to the in-
dex cases, height, weight, and medical
history is collected on a one-page Family
Form for each individual possible in three
generations, beginning with the index
cases’ parental generation. In addition to
this screening information, a more de-
tailed Family/Medical History Question-
naire is completed by all study partici-
pants. Information regarding ethnic ori-
gin, education, occupation, weight, activ-
ity level, tobacco and alcohol use, medical
conditions, medication usage, and diet is
collected. Women are also asked about
their pregnancy (including history of ges-
tational diabetes), contraceptive, and
menopause history. Individuals with
NIDDM are asked their date of diagnosis,
along with symptoms and weight at diag-
nosis. Both current and previous treat-
ment for diabetes and detailed informa-
tion concerning diabetic complications is
recorded.

Raffel and Associates

Physical examination. A limited physical
examination is performed on all study par-
ticipants, including weight, height, and
waist and hip circumferences. Three con-
secutive measurements are taken for cach to
assure accuracy. Pulse and blood pressure
after the participant has been sitting qui-
etly for 5 min are also measured. Three
consecutive measurements of systolic and
diastolic blood pressures are taken 30 s
apart on the right arm using a conven-
tional mercury sphygmomanometer.
Initial blood sampling. Subjects are re-
quested to fast and to refrain from smok-
ing and medication use for at least 10 h
before the study visit. Nondiabetic sub-
jects are instructed to consume at least
300 g/day of complex carbohydrate on
the 3 days before the study. All subjects
have two fasting blood samples drawn 15
min apart using an indwelling catheter.
These samples are used for lymphocyte
isolation and lipid, glucose, and insulin
measurements. The catheter is left in situ
for the OGTT on all nondiabetic individ-
uals and those with suspected but undoc-
umented diabetes. After the administra-
tion of 75 g of glucose (Trutol, Custom
Laboratories, Baltimore, MD)), postchal-
lenge blood samples are drawn at 30, 60,
90, and 120 min for glucose and insulin
measurement.

FSIVGTT. Family members with normal
or impaired glucose tolerance are asked to
return a second time for an FSIVGTT, Af-
ter placement of two intravenous cathe-
ters, three basal samples are collected and
glucose, 11.4 g/m” body surface arca as a
50% solution, is then infused over 1 min.
After 20 min, tolbutamide, 125 mg/m”
body surface area (Orinase, Upjohn,
Kalamazoo, MI), is given to improve pa-
rameter identifiability (40,41). Blood
samplesare collected at 2, 3,4, 5, 6,8, 10,
14, 19, 22, 24, 27, 30, 40, 50, 70, 90,
120, 150, 180, 210, and 240 min after

Table 3—Calculated sample size rquire-
ments for quantitative sib-pair analysis with
power = 0.95 and significance = 0.05

Sample size required

DiaBeTes CARE, VOLUME 19, NUMBER 8, Aucust 1996

Heritability ~ Codominance  Dominance
0.5 355 400
0.7 141 178
0.9 60 o8
Adapted [rom Ref. 34.
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Harold Rifkin Family Acquisition Centers

Identification of index case

Tentative pedigree drawntd sent for GENNID approval

Pedigree admm* to GENNID study

Consent Form

Visit 1
(All Subjects)

Visit 2
(Nondiabetic subjects)

Component Physical Exam and Interview

Data Collected Blood Pressure
Waeight, Height
Circumferences
3-Generation Pedigree
Medical History
Demographics

Processing Center FAC

Two Fasting Blood Draws
OGTT (in nondiabetic subjects, only)

Cell lines

cce

FSIVGTT

Lipids, Glucoses Insulins, Glucoses

Insulins

CAC CAC

& O

CcDC

'j <_|

1l

Central Database
Genotyplc & Phenotypic Data

Figure 3—Flow chart for data collection and processing in GENNID Study. CAC, Central Assay
Center; CDC, Central Data Center; CCC, Central Cell-line Center; FAC, Family Acquisition Center.

glucose injection. Insulin sensitivity (S;)
and glucose effectiveness (S;) are derived
using the minimal model of glucose kinet-
ics (42). The first-phase insulin response
is calculated as the mean incremental in-
sulin response above basal for the first 10
min after glucose injection, and the glu-
cose disappearance constant (K,) is deter-
mined as the slope of the regression be-
tween time and the natural logarithm of
the glucose concentrations measured at
10, 14, and 19 min.

Euglycemic insulin clamp. The euglyce-
mic insulin clamp is used to assess insulin
sensitivity in individuals studied at the
University of Texas, San Antonio center
(43). Two intravenous catheters are
placed, and the hand with the sampling
catheter is placed into a heated (60°F)
box to achieve arterialization of venous
blood (44). A prime constant infusion of
[3-*H]glucose (Du Pont-NEN, Boston,
MA), 20 nCi X (fasting plasma glucose +
100), is given for 270 min. After a 150-min
basal tracer equilibration period, a 120-min
euglycemic insulin clamp is performed
(43). The rate of insulin (Humulin-R, Eli
Lilly, Indianapolis, IN) infusion is 40
mU/m? * min. Glucose concentration is
measured every 5 min, and a 20% dex-
trose infusion is adjusted to maintain the
basal plasma glucose concentration (43).
During the last 40 min of the basal period

and throughout the insulin clamp, blood
is drawn every 5-15 min to measure
plasma [3-3H]glucose specific activity
and insulin concentration.

During the last 40 min of the basal
period, a steady-state plateau of
[3-3H]glucose specific activity (disinte-
grations per minute per milligram) is
achieved, and hepatic glucose production
is determined by dividing the continuous
[3-*Hlglucose infusion rate disintegra-
tions per minute per minute) by the
steady-state plateau of tritiated glucose
specific activity (disintegrations per
minute per milligram). After the adminis-
tration of insulin, non-steady-state con-
ditions exist and rates of glucose appear-
ance (R,) and disappearance (Ry) are
calculated using Steele’s equation (45).
The rate of hepatic glucose production
(mg/m? * min) is calculated by subtract-
ing the rate of exogenous glucose infusion
from the rate of total glucose appearance
(R,) determined by the isotope-tracer
technique. Total body glucose uptake
(mg/m?) is calculated as the sum of the
exogenous glucose infusion plus the rate
of residual hepatic glucose production.
Insulin sensitivity is expressed as a per-
centage of that obtained in nondiabetic,
normal weight, ethnically and age-
matched individuals. It is this latter per-
centage, along with the means and coefli-

cients of variation for the glucose and
insulin values at baseline and during the
insulin infusion, that is stored in the main
GENNID database.

Studying out-of-town family members.
When some members of a family do not
live near a Family Acquisition Center, ar-
rangements are made for samples to be
drawn locally. Whenever feasible, sam-
ples are obtained at one of the MetPath
laboratories, which have agreed to assist
with GENNID. If no MetPath laboratory is
in the area, arrangements are made with
the individual’s physician. Modified pro-
tocols are used for these studies: blood is
drawn by venipuncture, without an intra-
venous catheter, only a single fasting sam-
ple is obtained, and blood is collected
only at 60 and 120 min in the OGTT. The
Family/Medical History Questionnaire is
completed for individuals studied off-site,
but there is no physical examination. No-
tation is made in the main GENNID data-
base to identify those subjects who are
studied off-site.

Laboratory methods

Glucose, lipids, and insulin. Blood sam-
ples for glucose, insulin, and lipid mea-
surements and for storage are collected in
EDTA on ice. Samples are processed, and
the plasma is aliquoted into airtight vials
and stored at —20°C or lower until ship-
ment to the Central Assay Center (Med-
lantic Research Institute, Penn Medical
Laboratory, Washington, DC).

Glucose concentrations in EDTA
plasma samples are measured in duplicate
using a hexokinase method (Glucose/HK,
Boehringer Mannheim, Indianapolis, IN).
PreciCal EXLS-85 is used as the calibra-
tion solution (at set point 191 mg/dl).
Three controls included in each glucose
assay run (60 per tray) are Precitrol-N and
Precitrol-A Control and National Institute
of Standards in Technology traceable glu-
cose standards (400 and 200 mg/dl). A
20-sample precision run occurs at least
once every 20 working days, and the
mean between-run coefficient of variation
for glucose is <2%. Technical errors
(variance between blinded pairs) are
<4%. External calibration is achieved by
participation in the College of American
Pathologists (CAP) Quality Control Pro-
gram.

Triglycerides are measured using
a free-glycerol blanking method (Triglyc-
erides/GB, Boehringer Mannheim). HDL
cholesterol is measured after heparin-
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manganese sulfate precipitation. Plasma
total and HDL cholesterol are measured
using Boehringer Mannheim reagents
(Cholesterol/HP). The plasma pools are
used as fixed-mean controls based on
Abel-Kendall determined concentrations
of cholesterol. Mean coefficient of varia-
tion for plasma cholesterol is 1.9%. Tech-
nical error is routinely <6% for choles-
terol and <8% for triglycerides. External
calibration is achieved by participation in
the CAP Interlaboratory Comparison Pro-
gram. The lipid measurements are certi-
fied by participation in the Centers for
Disease Control-National Heart, Lung
and Blood Institute Lipid Standardization
Program and the Northwest Lipid Labo-
ratory Proficiency Program.

Insulin measurements are made
by radioimmunoassay using reagents
from Linco Research, St. Louis, MO. An-
tibody 1012 is used as the first antibody.
The 50% tracer displacement point (Bsg)
for proinsulin and its conversion interme-
diates is ~20% of that of intact human
insulin. The Linco insulin standard is cal-
ibrated against the World Health Organi-
zation 1988 International Standard. Nine
commercial control pools are included in
each assay. Samples are run in duplicate
and results are accepted if replicates agree
within 15% of one another. The labora-
tory participates in an international sam-
ple exchange with 16 other reference lab-
oratories and also in the CAP Comparison
Program. The limit of quantitation is
~1.8 wU/ml, and the limit of detection is
~0.14 pwU/ml. The coefficient of variation
is <9% and the technical error is <14%.
Lymphoblastoid cell lines. Blood samples
are collected in ACD (acid-citrate-
dextrose) tubes and shipped overnight at
room temperature to the Central Cell Line
Facility (Coriell Institute for Medical Re-
search, Camden, NJ). They are subjected
to Ficoll-pacque centrifugation to isolate
lymphocytes. B-cell transformation is
performed aseptically using the B95-8
marmoset strain of Epstein-Barr virus
with phytohemagglutinin as the mitogen.
Transformation and subsequent expan-
sion of transformed lymphocytes occurs
in antibiotic-free RPMI 1640 cell culture
medium with 15% heat-inactivated fetal
bovine serum (FBS) and vL-glutamine.
When the cell culture expansion yield is
at least 5 X 107 cells, 1-ml aliquots con-
taining 5 X 10°¢ cells in RPMI 1640, 30%
heat-inactivated serum (50% FBS and
50% iron-supplemented calf serum), and

5% dimethylsulfoxide as the cryopro-
tectant are frozen in flame-sealed borosili-
cate glass ampules and placed in liquid
nitrogen storage.

Before distribution, one vial of
each freeze is recovered and checked for
viability (trypan blue dye exclusion pro-
tocol) and growth potential. Sterility
checks are performed on both freeze
pools and freeze recoveries by dispensing
aliquots of spent medium into trypticase
soy broth, Sabouraud dextrose broth, and
tryptose phosphate broth and onto blood
agar plates, incubating at both 30 and
37°C. Mycoplasma testing consists of mi-
crobiological culture methods, the direct-
fluorescence Hoechst-stain assay, and a
polymerase chain reaction protocol using
primers to mycoplasma rRNA (16s sub-
unit). Also before distribution, DNA poly-
morphism testing to verify the identity of
the cell lines with respect to the family
relationships detailed in the pedigree
structure will be performed to ensure that
misidentified or contaminated cell lines
will not be distributed.

The GENNID data

GENNID data can be grouped into two
main categories: family data and individ-
ual data. The purpose of the family data-
bases is to collect, store, and retrieve in-
formation specific to pedigrees, including
the identity of and genetic relationship
among pedigree members. Family data
are collected using the Family Form and
double entered into a working database.
Each family isidentified by a unique iden-
tification number. Family data are stored
in two separate but interconvertable for-
mats that are commonly used by most ge-
netic analysis software. A record in the
first format is defined by a pedigree, and
the data on that pedigree (e.g., identifica-
tion information of the pedigree mem-
bers) is stored in fields for that record. A
record in the second format is defined by
an individual. For each individual record,
the identification numbers of his/her
mother and father are stored in separate
fields. In this seemingly simple way, a
large pedigree of nearly any configuration
can be retrieved.

The purpose of the individual da-
tabases is to collect, store, and retrieve the
information collected on each partici-
pant. All GENNID data are entered, man-
aged, and stored using Paradox (DOS ver-
sion 4.0). To assure quality of the
database, each Family Acquisition Center
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(Family/Medical History Questionnaire
and physical examination) and laboratory
is responsible for double entry of their
data. The data are then shipped on dis-
kette to the Central Data Center, where
data are extracted and compared, and dis-
crepancies are transmitted back to the
Family Acquisition Centers for resolu-
tion. Questionnaire and laboratory data
are merged into the global database
(housed in the GENNID Central Data
Center at the University of Texas Health
Science Center, Houston) only after all
quality assurance steps have been taken.
Research databases containing a justified
subset of variables can then be con-
structed from this global database to ad-
dress specific scientific interests.

Quality assurance

Key elements in the collection of quality
data in GENNID include clear dehnitions
and procedures as outlined in the proto-
col manual by the GENNID Steering
Committee. Standardized data collection
forms are also used by each Family Acqui-
sition Center, as described above.
Monthly conference calls, alternating he-
tween study coordinators and principal
investigators, are used to discuss study
progress, problems, and solutions, as are
biannual meetings of the GENNID Steer-
ing Committee. Before the initiation of
data collection, a centralized training ses-
sion was conducted to ensure that the
data collection and processing proce-
dures were applied uniformly and cor-
rectly by study personnel. This session
was attended by principal investigators
and study coordinators, both of whom
were responsible for training additional
personnel at the study site.

Site visits were conducted 4-0
months after the start of data collection.
The site-visit teams, which consisted of
representatives from the Family Acquisi-
tion Centers, observed study personnel
under normal operating conditions for
adherence to protocol; and discrepancies,
problems, and ways for improvement
were discussed with the entire staff of the
center being visited. A formal report was
then written and distributed to the GEN-
NID Steering Committee. Site visits of the
Central Laboratory, Cell Line, and Cen-
tral Data Centers were also conducted by
outside expert consultants. When
deemed necessary, second site visits of se-
lected centers were conducted to verify
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that the recommended corrections had
been implemented.

Timetable and scope of the study
The aim of the GENNID project when ini-
tially funded was for each of the eight
Family Acquisition Centers to study a
minimum of 150 individuals from 10-25
families during the 2-year period from 1
July 1993 to 30 June 1995. This would
result in a minimum of 600 non-Hispanic
white individuals from 40-100 families,
450 Hispanic subjects from 30-75 fami-
lies, 150 African-American individuals
from 10-25 families, and 150 Japanese-
American subjects from 10-25 families.
As detailed above (see sampling design),
the GENNID Oversight Committee rec-
ommended that GENNID be extended
but that changes be made in recruitment
to maximize smaller pedigrees with a
maximum number of affected sib-pairs.
As currently planned, by July 1997, GEN-
NID will have collected 300 non-
Hispanic white families, >100 Hispanic
families, >100 African-American fami-
lies, and 15 Japanese-American families.
With the exception of the Japanese-
American families, which were all re-
cruited using the original sampling
scheme, ~25% of the families in each eth-
nic group will be larger families collected
during the first 2 years and 75% will be
nuclear families collected in the second
phase of the GENNID project.

Access to the cell lines and data

It is the intention of the American Diabe-
tes Association to release GENNID phe-
notypic data, pedigrees, cell lines, and
plasma samples to all investigators with
scientifically worthy proposals. Comple-
tion of data entry and quality assurance of
the database will have been accomplished
for each pedigree before data or cell lines
pertaining to that pedigree are released. It
is anticipated that investigators who use
the GENNID resource will contribute
their genotype data (once published) to
the GENNID database and that access to
such data by multiple investigators will
facilitate the rapid identification of the
genes contributing to NIDDM suscepti-
bility. Details of the application process,
procedures, and costs associated with use
of the GENNID resources will be pub-
lished in the near future in American Di-
abetes Association publications.

CONCLUSIONS — The identifica-
tion of the genes responsible for NIDDM
may now be achievable. The genes for
NIDDM will only be found if sound phe-
notypic data are linked to genetic material
from well-described multiplex families.
The GENNID project of the American Di-
abetes Association is creating such a data-
base. It is our hope this comprehensive
resource will expedite the identification of
the genetic basis of NIDDM.
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APPENDIX
GENNID PRINCIPAL INVESTIGATOR:
John Buse, MD

GENNID PROJECT OFFICERS: R. Paul
Robertson, MD, and Simeon Taylor, MD,
PhD

HAROLD RIFKIN FAMILY ACQUISI-
TION CENTERS:

Cedars-Sinai Medical Center. Prin-
cipal Investigator: Leslie J. Raffel, MD. Co-
investigators: Jerome 1. Rotter, MD; Anne
Peters, MD; and Mayer Davidson, MD.
Study Team: Jane Brown, RN, and Lauren
Ficks, MD.

University of Chicago. Principal In-
vestigator: David A. Ehrman, MD. Study
Team: Mattie Ellison, RN; Robert J. Sobel,
MD; and Jody Dushay.

University of Colorado Health Sci-
ences Center. Principal Investigator: Jill M.
Norris, PhD. Study Team: Emelin Espi-
noza, MSN; Shirley Gonzales; Rodney
Sandoval; and Roberta Vialpando.

University of Texas Health Science
Center, Houston. Principal Investigator:
Craig L. Hanis, PhD. Study Team: Hilda
Guerra.

University of Texas Health Science
Center, San Antonio. Principal Investiga-
tor: Ralph A. DeFronzo, MD. Co-
investigator: Jaime Cruz, MD, MPH.
Study Team: John Kincade, RN; James
King, RN; and Olga Flores.

University of Utah. Principal Inves-
tigator: Steven C. Elbein, MD. Study
Team: Kim Wegner and Cindy Miles, RN.

University of Washington. Principal
Investigators: Wilfred Fujimoto, MD, and
Steven E. Kahn, MB, ChB. Study Team:
Valerie G. Larson, ARNP, BSN; Kwang-
Wen Chen, MD; Ronald L. Prigeon, MD;
Michael E. Roder, MD; Lisa M. Stone,
MD; Jennifer W. Cockburn; Patricia A.
Kramer; Pamela Y. Yang; Jennifer H. Ste-
phens; Pamela J. Asberry, RN, BSN; and
Stein Wang

Washington University School of
Medicine. Principal Investigator: M. Alan
Permutt, MD. Co-investigators: Ken C.
Chiu, MD, and Philip Behn, MD. Study
Team: Michele Sadler, RN, and Mary Rita
Shanahan, RN.

CENTRAL DATA CENTER:

University of Texas Health Science
Center, Houston. Principal Investigator:
Eric Boerwinkle, PhD. Database and Sta-
tistical Team: Kim Lawson and Zhiying
Wang.

CENTRAL ASSAY CENTER:

Medlantic Research Institute. Prin-
cipal Investigator: David C. Robbins, MD.
Co-investigator: Barbara V. Howard,
PhD. Laboratory Team: Kathy Gallagher,
MS, and Marilyn Cedorette, MT-ASCP.

CENTER CELL-LINE CENTER:

Coriell Institute for Medical Re-
search. Principal Investigator: Richard A.
Mulivor, PhD.

IVGTT ANALYSIS CENTER:
University of Washington. Principal
Investigator: Steven E. Kahn, MB, ChB.

AMERICAN DIABETES ASSOCIATION:

Inquiries regarding GENNID
should be sent to the American Diabetes
Association, Research Department, 1660
Duke St., Alexandria, VA 22314.
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