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Abstract
Chronic lung allograft dysfunction (CLAD) is the major factor limiting long-term success of lung
transplantation. Polymorphisms of surfactant protein D (SP-D), an important molecule within lung
innate immunity, have been associated with various lung diseases. We investigated the association
between donor lung SP-D polymorphisms and posttransplant CLAD and survival in 191 lung
transplant recipients consecutively transplanted. Recipients were prospectively followed with
routine pulmonary function tests. Donor DNA was assayed by pyrosequencing for SP-D
polymorphisms of two single-nucleotide variations altering amino acids in the mature protein N-
terminal domain codon 11 (Met11Thr), and in codon 160 (Ala160Thr) of the C-terminal domain.
CLAD was diagnosed in 88/191 patients, and 60/191 patients have died. Recipients of allografts
that expressed the homozygous Met11Met variant of aa11 had significantly greater freedom from
CLAD development and better survival compared to those with the homozygous Thr11Th variant
of aa11. No significant association was noted for SP-D variants of aa160. Lung allografts with the
SP-D polymorphic variant Thr11Th of aa11 are associated with development of CLAD and
reduced survival. The observed genetic differences of the donor lung, potentially with their effects
on innate immunity, may influence the clinical outcomes after lung transplantation.
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Introduction
SP-D is a hydrophilic polymer, a member of the family of collectins and is produced in the
lung primarily by type II pneumocytes (1–3). It is composed of homotrimeric subunits with
each polypeptide in the subunit consisting of an N-terminal domain with two conserved
cysteines that are critical in cross-linking within and between subunits, a collagen-like
region, an α-helical neck region and a C-type lectin carbohydrate recognition domain (4).
The SP-D molecule is found as single subunits or as oligomers (5,6). SP-D subunits bind to
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carbohydrate and lipid ligands by the carbohydrate recognition domain, but high affinity
interactions require oligomeric assembly mediated by the N-terminal (7). SP-D, as a
collectin, binds to the surfaces of bacteria, viruses and fungi, enhancing phagocytosis and
intracellular killing, and has been shown to directly inhibit growth of bacteria and fungi by
increasing membrane permeability (1,2,8–10).

SP-D orchestrates lung immunity by regulating cytokine production from macrophages and
neutrophils and by providing direct or indirect modulation of lymphocyte activity and
proliferation (1,2,8,11). SP-D modulates dichotomously, depending on the binding
orientation of the molecule, to suppress or enhance lung inflammation by interacting with
macrophage cell surface molecules like signal inhibitory regulatory protein-α, CD91 and
CD14 (12–15). Mice deficient in SP-D accumulate surfactant phospholipids, exhibit
enhanced acute inflammatory responses in the lung to a variety of stimuli (16), and develop
chronic inflammation, emphysema and fibrosis (17).

Three coding single nucleotide polymorphism (SNPs) of the SP-D gene (SFTPD,
chromosome 10q22.2–23.1) have been described for codons corresponding to amino acid
residue 11 (Met11Thr), 160 (Ala160Thr) and 270 (Ser270Thr) in the mature protein, latter one
being very infrequent (18,19). Genetic regulation of the quality and/or quantity of the SP-D
protein has been suggested as certain SP-D variants have been found to have an association
with a varying susceptibility to lung disease. SP-D gene single nucleotide polymorphic
variants have been associated with respiratory syncytial virus infection, broncho-pulmonary
dysplasia, COPD and risk for tuberculosis infection (18–24).

We hypothesized that SP-D polymorphisms are associated with clinical outcomes after lung
transplantation, which represents a complex context of ongoing stimuli of the innate
immunity. The goal of our study was to investigate the relationship of the two most frequent
polymorphic variants, residue 11 (Met11Thr) and residue 160 (Ala160Thr) (19,23) with the
development of chronic lung allograft dysfunction (CLAD) (25) and survival following lung
transplantation.

Methods
The study was approved by the Institutional Review Board of the Columbia University
Medical Center. Informed consent in adherence to the principles set forth in the Helsinki
Declaration was obtained from each patient for the collection of blood samples from the
donor of the lung allograft prior to implantation. We performed a retrospective analysis of
prospectively banked samples. All samples were prospectively collected specifically to test
the hypothesisofgeneandproteinexpressionassociatedwithpostlungtransplant outcomes. This
study included 191 patients consecutively transplanted between 2004 and 2010. Post lung
transplantation patient underwent pulmonary function testing in the lung transplant clinic
weekly for the first 3 months. Beyond 3 months, patients were seen monthly for the first
year and on alternating months for the second year. Follow-up frequency was extended to
every 3 months beyond the second year after surgery.

Recipient data were prospectively collected with regards to the development of CLAD as
determined by the permanent drop of the FEV1 by more than 20% from their posttransplant
baseline and survival. CLAD development was monitored using routine pulmonary function
tests. The interval of time from transplant to development of CLAD and survival after
transplant was monitored.
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Biological samples from lung allograft
Blood samples from the donor of the lung allograft were collected at the time of lung
procurement. Blood samples were stored at −80°C for subsequent analysis. Total DNA was
extracted from blood with a DNA extraction kit (Qiagen, USA), according to the
manufacturer’s instructions. Donor demographics and clinical data were collected by Organ
Procurement Organization personnel and recorded in the donor medical record.

Lung allograft SP-D variants
The SP-D gene polymorphisms for codons corresponding to amino acid residue 11
(Met11Thr), residue 160 (Ala160Thr) were assessed. Assessment was performed blinded to
the clinical data. The SP-D SNPs assessment was performed by pyrosequencing. The PCR-
based RFLP genotype method for SP-D (26,27) provided the basis for the pyrosequencing
protocol, which is a primer based DNA sequencing method (20). A sequencing primer
hybridizes to the single stranded template containing a given SNP and initiates nucleotide
incorporation by DNA polymerase. Following nucleotide incorporation, a pyrophosphate
group is released and converted to ATP, which then drives the conversion of luciferin to
oxyluciferin producing a light, which in turn generates a pyrogram proportional to the
number of nucleotides incorporated into the DNA strand. Pyrograms are scored by pattern-
recognition software that compares the predicted SNPs pattern (histogram) to the observed
pattern (pyrogram; Pyrosequencing AB, Uppsala, Sweden).

Statistical analysis
We analyzed categorical data using the Chi Square and Fisher’s Exact tests. We constructed
stratified Cox proportional hazards models to examine associations between genotype and
time to events of interest (CLAD and death) with strata for donor race/ethnicity and with
adjustment for a priori purposefully selected recipient variables known to affect outcome
after lung transplantation (i.e. precision variables). For time-to-death analyses, we censored
follow-up time at the end of the study. For the CLAD analyses, we censored follow-up time
at death and at end of study. Alleles were assumed to have additive effects. We also
generated predicted survival curves adjusted for these covariates using these models. A
competing risk analysis using Gray’s model was performed to confirm our findings (28).
There were no missing covariate data. Adjusted survival curves were created based on
Aalen’s additive model (29). Since this approach does not allow for a stratified Cox model,
race was included as fixed effects in the model. Differences were considered significant
when the p value was less than 0.05. Continuous variables are expressed as medians and
25th to 75th percentile range. Statistical analysis was performed using SAS 9.2 software
(SAS Institute Inc., Cary, NC, USA).

Results
The overall characteristics of the 191 lung transplant recipients and of the donors are shown
in Table 1. The overall median follow-up time was 1290 days (823–1843). To date 60/191
patients have died, 4 within 30 days from the lung transplantation and 56 with a median
survival of 719 days (274–1269). The 131 patients currently alive have a median follow-up
of 1595 days (1091–2054). CLAD was diagnosed in 88 patients, 38 of whom have died with
median survival of 902 days (575–1422) and 50 of whom are currently alive with a median
follow-up of 1841 days (1450–2296). Patients alive and free of CLAD are 81 with a median
follow-up of 1303 days (1006–1823).

The SP-D polymorphic variations for aa11 and aa160 their frequency and the frequency
combination between variants of the aa11 and aa160 alleles for all 191 patients are shown in
Tables 2 and 3.
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The characteristics of the patient grouped according to the SP-D single nucleotide
polymorphic variants for aa11 and aa160 are shown in Tables 4 and 5, including the
ethnicity of the donor, recipient age, end stage pulmonary disease, type of transplant,
cytomegalovirus (CMV) mismatch.

Table 6 describes non-adjusted survival models as well as the survival models stratified on
donor ethnicity, and with adjustment for donor polymorphic variations in aa11 and aa160,
recipient age, disease, procedure type and CMV status. The homozygous Thr11Thr variant
of aa11 among donors was associated with a 70% increased rate of CLAD (95% CI, 1.1–
2.6), a 40% increased mortality rate (95% CI, 0.9–2.2) with very similar point estimates for
the non-adjusted and the adjusted multivariate model. Ad hoc competing risk analysis was
also done showing similar results (data not shown). Multivariable-adjusted predicted
survival curves are shown in Figures 1 and 2. Variations in the aa160 allele were not
associated with the rate of CLAD or death (Table 6). Table 7 shows the cause of death
according to the donor aa11 variants.

Discussion
In this study we report a novel finding regarding the role of SP-D gene polymorphisms on
clinical outcomes in lung transplantation. Lung allograft SP-D polymorphic variants may
serve as a predictor of earlier posttransplant CLAD development and consequently survival.
The SP-D gene polymorphisms of two single-nucleotide variations altering amino acids in
the mature protein N-terminal domain codon 11 (Met11Thr), and in codon 160 (Ala160Thr)
of the C-terminal domain were investigated. We set precedence by delineating a significant
association between the donor lung single nucleotide polymorphic variations for aa11
(Met11Thr) with post lung transplant recipient clinical outcome as per CLAD and survival.
Patients that received lung allograft from donors homozygous for allele variant Met11Met
for aa11 showed a consistently better outcome with greater freedom from development of
CLAD and a trend for improved survival. In contrast lung transplant recipients of allografts
from donors with homozygous allele variant Thr11Thr for aa11 showed significantly earlier
development of CLAD and reduced survival. No association was noted for the single
nucleotide polymorphic variations for aa160 (Ala160Thr).

Lung transplantation in the past three decades has evolved into a widely applied therapy for
end stage lung disease. Early and long-term graft and patient survival continue to be
challenged by both primary graft dysfunction, and CLAD or bronchiolitis obliterans
syndrome. Primary graft failure accounts for the majority of early mortality, while CLAD
accounts for more than 30% of deaths occurring after the third postoperative year, with a 5-
year survival after its onset of only 30–40% (30–32). Liver, kidney and heart transplantation
have a recipient and graft 5-year survival of over 70% while lung and intestine linger around
50%. Interestingly both latter organs suffer the disadvantage of having continuous exposure
to the environment. Thus they rely on a more active organ-specific innate immunity to
provide for the first line of protection from the ongoing environmental noxious agents (33–
36). Interactions between innate and adaptive immune responses in these organs in the
setting of transplantation are likely a major contributor to the increased graft dysfunction
that is observed. Lung allografts are continuously exposed to noxious insults starting with
donor brain death, cold ischemic preservation, reperfusion injury, acute rejection,
immunosuppression, acute and chronic infections and other injuries such as gastro-
esophageal reflux and aspiration (30–32,37,38).

Pulmonary surfactant and the surfactant-related proteins serve as one of the first host
defense mechanisms mounted against the various insults. Surfactant phospholipids, in
addition to their role in lowering the alveolar surface tension, also serve as part of the
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physical mucosal barrier to noxious agents (39,40). Surfactant protein D plays different and/
or specific roles with respect to surface tension lowering function, phospholipid homeostasis
and innate and adaptive immunity (1,2,8,11,39–43). Of the described coding SNPs of the
SP-D gene, one results in an alteration of the codon corresponding to amino acid 11 in the
mature protein where a methionine (Met) is exchanged for a threonine (Thr) (18–19). The
aa11 variants have proved particularly interesting given that studies on patients with
tuberculosis have indicated that the presence of the Thr variant may increase the
susceptibility to tuberculosis (22), while presence of the Met variant has been associated
with increased susceptibility to respiratory syncytial virus infection (18).

The Thr11Thr variant has previously been associated with low serum levels of SP-D in three
studies from two independent groups (19,42,44), and was also demonstrated to inhibit the
oligomerized state of SP-D and thus reduce binding of bacterial ligands (19).

The SP-D variant frequencies seen in our study patient population (Tables 2 and 3) reflect
that of other patient populations described in the literature (19). In fact the population
homozygous for allele variant in aa11 and aa160 represent 37% of the total population. This
is very consistent with what was previously observed in similar size cohort (206 pts) of
Danish Caucasian blood donors. Similarly, linkage disequilibrium was noted between alleles
at locus determining aa11 and aa160 as shown in Table 3 (19).

In our study the adjusted survival models and curves that we have presented consistently
show better post lung transplantation clinical outcomes in recipients of lung allografts from
donors showing homozygous Met11Met variant for the aa11 SNPs. Poor clinical outcomes
have demonstrated a consistent association with the homozygous Thr11Thr variant for the
aa11 with a significantly increased rate for CLAD or death posttransplantation as shown in
Table 6. The aa11 SNPs pertains to the N-terminal domain of the mature protein while no
association was noted with the SNPs for the aa160, which is in the C-terminal domain. Of
note the N-terminal domain mediates the oligomerization required for the high affinity
interactions facilitating simultaneous engagement of individual SP-D molecule with multiple
sites on membranes and microbial surfaces (7).

In this study we elucidated a novel association between the SP-D SNPs of the aa11 with the
development of CLAD and survival after lung transplantation. The study follows the
principles central to Mendelian randomization and should be noted that the multivariate
model confirms the point estimate from the unadjusted analysis and the fact that the point
estimates are so similar greatly strengthens the likelihood of a true signal. However,
limitations are the retrospective nature of the study and the lack of a mechanistic link
between the putative changes in multimeric structure due to the SNP’s and increase in
CLAD and death. CLAD includes different chronic lung pathology associated with
permanent drop of the pulmonary lung function post lung transplantation including
bronchiolitis obliterans syndrome, the clinical correlate of chronic rejection (25,45).
Moreover, although there are studies from independent groups supporting the relationship
between the genotype of interest and the phenotype as per levels of SP-D protein expression
(19,42,44), this has not been investigated in the current study. Monitoring for levels of SP-D
protein within the broncho-alveolar lavage and/or in serum stratified by SP-D genotype and
in relation to clinical and biologic markers of infection, inflammation and rejection may
identify whether the association is driven by an increase in infection and/or if there is an
immunological effect. These points should be addressed in a prospective investigation to
validate the current observations and further study the role of SP-D polymorphisms in post
lung transplant outcome.
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Lung transplantation may be considered the ultimate “test bench” to study the lung and its
responses to stress. In fact, no other model contextualizes the lung with a series of sequential
acute and chronic noxious events: brain death, mechanical ventilation, cold ischemic
preservation, ischemia reperfusion injury, rejection, chronic immunosuppression, viral,
bacterial and fungal infections and chronic silent aspiration from gastro-esophageal reflux. It
is indeed quite conceivable that the capability of the lung allograft to withstand the various
transplant related insults is driven by its genetic background. The organ-specific innate
immunity provided by the surfactant and its associated proteins plays a large part in the first
defense mechanisms that the lung exhibits in its protective strategy against the various
insults. Further studying of the contribution of genetic variability of the lung allograft’s
innate immunity molecules may provide insights into the mechanism of injury occurring
post-transplantation.
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Abbreviations

AA amino acid

Ala alanine

BOS bronchiolitis obliterans syndrome

CD cluster differentiation

CF cystic fibrosis

CLAD chronic lung allograft dysfunction

CMV cytomegalovirus

COPD chronic obstructive pulmonary disease

DNA deoxyribonucleic acid

FEV1 forced expiratory volume in 1 second

ILD interstitial lung disease

Met methionine

PCR polymerize chain reaction

PGD primary graft dysfunction

RFLP restriction fragment length polymorphism

Ser serine

SFTPD surfactant protein D

SNP single nucleotide polymorphism

SP-D surfactant protein D

Thr threonine
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Figure 1. Multivariable adjusted freedom from CLAD curves for recipients grouped according
to the lung allograft donor SP-D polymorphic variations for aa11 (Met11Thr)
Adjusted survival estimates are stratified for donor ethnicity and adjusted for recipient
covariates (age at the time of transplant, diagnosis, laterality and CMV mismatch). From
Table 7 adjusted p = 0.01 for trend. The numbers at the bottom indicate the numbers of lung
transplant recipients free of CLAD at each year. The X-axis represents the cumulative
freedom from CLAD. The Y-axis represents the time in years after transplant.
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Figure 2. Multivariable adjusted survival curves for recipients grouped according to the lung
allograft donor SP-D polymorphic variations for aa11 (Met11Thr)
Adjusted survival estimates are stratified for donor ethnicity and adjusted for recipient
covariates (age at the time of transplant, diagnosis, laterality and CMV mismatch). From
Table 7 adjusted p = 0.14 for trend. The numbers at the bottom indicate the numbers of lung
transplant recipients alive at each year. The X-axis represents the cumulative survival. The
Y-axis represents the time in years after transplant.
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Table 1

Lung transplant recipient and donor characteristics

Recipients 191 Lung donor

Males 90 (47%) Males 99 (52%)

Ethnicity Ethnicity

 Caucasian 155 (51%)  Caucasian 99 (52%)

 African American 19 (28%)  African American 41 (21.5%)

 Hispanic 13 (19%)  Hispanic 38 (20%)

 Asian Indian 3 (1.5%)  Asian 6 (3%)

 Arabic 1 (0.5)  Filipino 2 (1%)

Age 57 (43–62)  Hawaii 3 (1.5%)

Bilateral 141 (74%)  Asian Indian 2 (1%)

Disease Age 35 (23–47)

 COPD 56 (29%) Last pO2 457 (402–506)

 ILD 76 (40%) Smoking 63 (33%)

 CF 37 (20%)

 PPH 6 (3%)

 Bronchiectasis 6 (3%)

 Sarcoidosis 7 (4%)

 Scleroderma 3 (2%)

CMV mismatch 52 (27%)

PGD-3 at 72 h 16 (8%)

Am J Transplant. Author manuscript; available in PMC 2014 August 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Aramini et al. Page 13

Table 2

SP-D genotype frequency

Met11Met 59 (31%)

Met11Thr 104 (54%)

Thr11Thr 28 (15%)

Ala160Ala 90 (47%)

Ala160Thr 83 (44%)

Thr160Thr 18 (9%)

In brackets number of patients.
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Table 3

Observed frequency for aa11 and aa160

Ala160Ala Ala160Thr Thr160Thr Total

Met11Met 18 (9.4%) 23 (12%) 18 (9.4%) 59 (31%)

Met11Thr 46 (24%) 58 (30.2%) 0 104 (54%)

Thr11Thr 26 (14%) 2 (1%) 0 28 (15%)

Total 90 (47%) 83 (43.6%) 18 (9.4%) 191 (100%)

Fisher’s exact test: χ2 = 68.7; p < 0.0001.
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Table 4

Donor and recipient characteristics according to donor aa11 variants

Met11Met Met11Thr Thr11Thr

No. 191 59 (31%) 104 (54%) 28 (15%)

Donor

Age 40 (25–47) 33 (21–47) 42 (27–49)

Ethnicity

 Caucasian 30 (51%) 55 (53%) 14 (50%)

 African American 14 (28%) 21 (20%) 6 (21%)

 Hispanic 11 (19%) 24 (23%) 3 (11%)

 Other 4 (7%) 4 (4%) 5 (18%)

 Smoking 18 (31%) 34 (33%) 11 (39%)

 Last pO2 453 (411–508) 460 (411–507) 411 (388–479)

Recipient

Age 56 (43–61) 57 (44–62) 60 (39–64)

Disease

 COPD 21 (36%) 28 (27%) 7 (25%)

 ILD 19 (32%) 44 (42%) 13 (46%)

 CF 13 (22%) 18 (17%) 6 (21%)

 Other 6 (10%) 14 (13%) 2 (7%)

 Bilateral lung-Tx 53 (90%) 69 (66%) 19 (68%)

 CMV mismatch 19 (32%) 21 (20%) 12 (43%)

 PGD-3 at 72 h 6 (10%) 8 (8%) 2 (7%)

PGD, primary graft dysfunction score 3. Numbers in brackets show 25th to 75th percentile range.
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Table 5

Donor and recipient characteristics according to donor aa160 variants

Ala160Ala Ala160Thr Thr160Thr

No. 191 90 (47%) 83 (44%) 18 (9%)

Donor

Age 36 (21–47) 35 (25–48) 40 (24–44)

Ethnicity

 Caucasian 32 (36%) 54 (65%) 13 (72%)

 African American 30 (33%) 11 (13%) 0 (0%)

 Hispanic 18 (20%) 16 (19%) 4 (22%)

 Other 10 (11%) 2 (2%) 1 (6%)

 Smoking 22 (24%) 32 (39%) 8 (44%)

 Last pO2 453 (398–490) 460 (141–512) 415 (389–504)

Recipient

Age 58 (43–62) 57 (43–62) 53 (36–60)

Disease

 COPD 24 (27%) 24 (29%) 8 (44%)

 ILD 38 (42%) 34 (41%) 4 (22%)

 CF 16 (18%) 15 (18%) 6 (33%)

 Other 12 (13%) 10 (12%) 0 (0%)

 Bilateral lung-Tx 66 (73%) 59 (71%) 16 (89%)

 CMV mismatch 19 (32%) 21 (20%) 12 (43%)

 PGD-3 at 72 h 8 (9%) 6 (7%) 2 (11%)

PGD, primary graft dysfunction score. Numbers in brackets show 25th to 75th percentile range.
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Table 6

Nonadjusted survival models

HR 95% CI p-value

CLAD AA11 1.6 1.1–2.3 0.02

AA160 1.5 1.0–2.1 0.047

HR 95% CI p

DEATH AA11 1.4 0.89–2.1 0.16

AA160 0.9 0.5–1.4 0.5

Adjusted Survival Models stratified for donor ethnicity

HR 95% CI p-value

CLAD AA11 1.7 1.1–2.6 0.01

AA160 1.402 0.9–2.1 0.11

Age at Transplant 0.955 0.97–1.0 0.68

Disease: ILD Ref Ref Ref

Disease: CF 0.643 0.3–1.6 0.33

Disease: COPD 1.342 0.8–2.3 0.29

Disease: Other 1.543 0.7–3.4 0.28

Bilateral Lung-Tx 0.759 0.4–1.3 0.33

CMV 1.240 0.7–2.1 0.41

HR 95% CI p-value

Death AA11 1.4 0.9–2.2 0.14

AA160 0.8 0.5–1.4 0.43

Age at Transplant 1 0.97–1.0 0.94

Disease: ILD Ref Ref Ref

Disease: CF 0.4 0.1–1.3 0.12

Disease: COPD 0.8 0.4–1.6 0.53

Disease: Other 1.0 0.5–2.4 0.92

Bilateral Lung-Tx 1.4 0.7–2.9 0.31

CMV 1.5 0.9–2.7 0.16
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Table 7

Cause of death according to donor aa11 variants

Met11Met Met11Thr Thr11Thr Total

CLAD 5 (36%) 4 (12%) 5 (42%) 14

CLAD-MOF 0 2 (6%) 0 2

CLAD-PNA 3 (21%) 16 (47%) 3 (25%) 22

Lung Cancer 0 1 (3%) 1 (8%) 2

MI 0 2 (6%) 0 2

MOF 0 1 (3%) 0 1

PGD-MOF 1 (7%) 1 (3%) 2 (17%) 4

PNA 5 (36%) 5 (15%) 1 (8%) 10

Sepsis 0 2 (5%) 0 2

Total 14 (100%) 34 (100%) 12 (100%) 60

MOF, multiorgan failure; PNA, pneumonia; MI, myocardial infract.
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