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Abstract

Background: There is well-documented systemic inflammatory response in xenograft recipients 

to the presence of a pig graft. Serum amyloid A (SAA) is an inflammatory marker that is elevated 

in various pathological states. The assay used to measure it is (i) simple, (ii) relatively inexpensive, 

and (iii) provides an answer within minutes.

Method: The levels of SAA (n=11) and C-reactive protein (C-RP) (n=8) were measured 

retrospectively in the serum of baboons with pig kidney transplants, who received therapy with an 

IL-6R inhibitor and a TNF-α antagonist. Immunohistochemistry (IHC) was used to identify 

amyloid A and C-RP expression in the native livers and deposition in the pig kidney grafts.

Results: One kidney graft underwent hyperacute rejection, 6 (55%) underwent acute antibody-

mediated rejection, 3 baboons (27%) were euthanized for serious systemic infections, and one was 

euthanized for acute gastric dilatation. The SAA increased temporarily after kidney 

transplantation, and increased again by the day of euthanasia, indicating moderate (n=3) or 

significant (severe) (n=8) inflammation. In contrast, as the baboons were receiving tocilizumab, C-

RP did not increase. There was greater expression of amyloid A in baboon livers (by IHC) than of 

C-RP (mean OD 53 vs 1, p<0.01), and greater deposition of amyloid A than C-RP in the pig 

kidney grafts (mean OD 24 vs 2, p<0.001). Plasma fibrinogen negatively correlated with the 
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expression of amyloid A in the liver (r=−0.72, p<0.05). The results of the SAA assay correlated 

with amyloid A expression in the liver and deposition in the kidney grafts.

Conclusions: SAA is a sensitive, but non-specific, marker for inflammation in baboons with pig 

kidney grafts, and is not affected by therapy that suppresses the response of C-RP. The SAA assay 

is a rapid, reliable, and relatively inexpensive method of following the inflammatory state of 

baboons with pig xenografts.
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Introduction

In recent years, considerable progress has been made in the results of pig organ 

xenotransplantation in nonhuman primates, with survival of heterotopic heart and 

lifesupporting kidney transplants now extending for months or even years [1-4]. The 

indicators of impending graft failure are different from those seen after allotransplantation. 

Monitoring of the adaptive immune response, e.g., lymphocytes, T and B cells, is unhelpful, 

whereas indicators of coagulation dysregulation (e.g., reductions in platelet counts and 

plasma fibrinogen), and inflammation appear to be valuable [1, 5].

As there is a well-documented systemic inflammatory response in xenograft recipients (that 

has been termed systemic inflammation in xenograft recipients, SIXR) in response to the 

presence of a pig graft [5-7], we have searched for a reliable marker of this response. 

Initially, we suggested that C-reactive protein (C-RP) would be a reliable indicator that 

SIXR was occurring, but this was found to be unhelpful when the interleukin-6 receptor 

(IL-6R) was blocked by the specific IL-6R monoclonal antibody, tocilizumab [8]. Although 

the C-RP remained in the normal range, giving us a false picture of the state of inflammation 

in the recipient, other indicators, e.g., cytokines, chemokines, histones, suggested that a state 

of inflammation was continuing.

We also investigated extracellular histones and serum amyloid A (SAA) as potential markers 

of impending graft failure [8, 9]. SAA is an inflammatory marker that is elevated in various 

pathological states [10-13], and in recipients of kidney or heart allografts in the presence of 

rejection or infection [14-17]. SAA has the advantage that the assay used to measure it is (i) 

simple, (ii) relatively inexpensive, (iii) provides an answer within minutes, and (iv) can be 

carried out ‘at the bedside’ or, in the case of the experimental laboratory, at the side of the 

cage. Furthermore, it is not affected by the administration of tocilizumab or of soluble IL-6 

blockade agents, such as siltuximab (unpublished data).

We therefore believe it has potential as an indicator that a xenograft may be at risk for injury, 

and thus would enable steps to be taken to prevent or reverse this. We have reviewed our 

most recent results of measuring SAA retrospectively in baboons with pig kidney grafts.
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Materials and Methods

Animals

Baboons (n=11) (Papio species, Oklahoma University Health Sciences Center, Oklahoma 

City, OK) received a life-supporting kidney [1, 2]. All grafts were from genetically-

engineered pigs (Revivicor, Blacksburg, VA). All were from GTKO pigs that expressed one 

or more human complement-regulatory proteins, and all except one expressed one or more 

human coagulation-regulatory proteins in the kidneys. Five expressed the human anti-

apoptotic/anti-inflammatory protein, hemeoxygenase-1 (HO-1).

Anesthesia, intravascular catheter placement in baboons, and pig-to-baboon surgical 

procedures have been described previously [1, 2, 18, 19]. All animal care was in accordance 

with the Guide for the Care and Use of Laboratory Animals prepared by the National 

Research Council (8th edition, revised 2011), and was conducted in an AAALAC-accredited 

facility. Protocols were approved by (Please insert from ethical approval document).

Immunosuppressive, anti-inflammatory, and adjunctive therapy

Two immunosuppressive regimens were used, with the only difference being in the 

maintenance immunosuppressive therapy administered (Table1). Five baboons received only 

FDA-approved agents (e.g., various combination of CTLA4-Ig, tacrolimus, rapamycin, 

mycophenolate mofetil), termed ‘conventional’ therapy, whereas the remaining 6 baboons 

received a regimen based on anti-CD40mAb (2C10R4; NIH NHP Reagent Resource, 

Boston, MA), which is not yet FDA-approved.

Anti-inflammatory therapy included the IL-6R inhibitor, tocilizumab (Actemra, Genentech, 

South San Francisco, CA ), administered throughout the post-transplant course, and the 

TNF-α antagonist, etanercept (Enbrel, Amgen Pfizer, Thousand Oaks, CA), administered for 

only the first two weeks.

Measurement of serum C-RP and SAA

Serum samples were obtained from the baboons before and at intervals after pig kidney 

transplantation. C-RP (n=8) was measured by standard methods in two laboratories; samples 

were measured by the UPMC Central Laboratory in Pittsburgh (B9313, B17315, B17615, 

B17415), or by Antech Diagnostics (Atlanta, GA) (B10815, B5415, B15815, B9015). SAA 

(n=11) was measured with an OmniChekTM -SAA kit (Multispecies Rapid Test for 

Inflammation, Accuplex Diagnostics, Co Kildare, Ireland), as per the manufacturer’s 

instructions. The level of SAA was assessed by the number of red bands that appear and the 

intensity of the red color (Figure1).

Measurement of coagulation parameters

Blood samples were collected for platelet counts, and plasma fibrinogen and D-dimer were 

measured by the UPMC Central Laboratory in Pittsburgh or by Antech Diagnostics [5].
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Immunohistochemistry (IHC) for C-RP and amyloid A

After tissues were obtained at euthanasia, samples were immediately fixed in formalin and 

embedded in paraffin, and sections with a thickness of 4μM were cut. Expression of C-RP 

and amyloid A in the baboon liver (n=8) and deposition of C-RP and amyloid A in the pig 

kidney (n=11) were measured by IHC. Negative controls were naïve pig liver and kidney 

tissues. Positive controls were baboon liver and kidney tissues from (i) a baboon that 

experienced an intense anaphylactic response to anti-thymocyte globulin (and thus was 

euthanized without undergoing pig kidney transplantation), and (ii) a baboon (that received 

tocilizumab) in which the pig kidney graft underwent hyperacute rejection [20].

The primary and secondary antibodies used were (i) for amyloid A, rat anti-amyloid A 

(Accuplex Diagnostics) (1:100), and goat anti-rat (Ab#97057, Abcam, Cambridge, MA) 

(1:200), and (ii) for C-RP, rabbit anti-C-RP (Cat#Ab32412, Abcam) (1:50), and goat 

antirabbit (Cat#Ab6721, Abcam) (1:1000). All slides were examined with an optical 

microscope (Olympus Optical, Tokyo, Japan).

Expression of amyloid A and C-RP was measured by two methods.

(i) Intensity and extent of staining: The intensity of stain was graded by two 

independent observers as (i) negative (−) = score 0; (ii) weakly positive (+) = score 1; 

moderately positive (++) = score 2; strongly positive (+++) = score 3. The percentage of 

positively-stained cells was graded as (i) <5% = score 0; 5-25% = score 1; 25-50% = score 

2; 50-75% = score 3; >75% = score 4. The formula for the total IHC score was determined 

by calculating the score of staining intensity x the score of positive-staining cells. A total 

score of 0 was negative (−); scores of 1-4 were considered weakly-positive (+); scores of 5-8 

were moderately-positive (++); scores of 9-12 were highly-positive (+++).

(ii) Quantitative analysis of expression: Measurement was made of the mean optical 

density using ImageJ software (National Institute of Mental Health, Bethesda, MA). Five 

visual fields of each sample were randomly selected, and 5 visual areas were randomly 

selected from each visual field. The mean optical density (MOD) was calculated.

Serum assays for TNF-α and IL-1 β cytokines in baboons

The serum levels of serum TNF-α and IL-1 β at specific time-points (before any therapy or 

procedure [Naive], on post-transplant day 1, and at euthanasia) were measured using 

cytometric bead array (CBA) with a human Inflammatory Cytokine Kit (#551811, BD 

Biosciences, San Jose, CA). LSR II flow cytometry (BD Biosciences) was used to collect 

data, and the data were analyzed using CBA analysis software (BD Bioscience).

Statistical analyses

Statistical analyses were performed using social sciences software GraphPad Prism 5.0 

(GraphPad Software, San Diego, CA). The quantity variables were expressed as mean +/− 

SD and were performed using a t test or nonparametric test. The numerical variables were 

expressed as n (%) or median (range), and were analyzed with Χ2 test or Fisher's exact test. 

Spearman’s rank correlation was used to analyze the correlation between MOD of amyloid 
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A and coagulation parameters or cytokines. Values of p<0.05 were considered statistically 

significant.

Results

Clinical course

Based on the clinical course and graft histopathology, the baboons were divided into 2 

groups – (i) short-term survivors (n=7) and long-term survivors (n=4). In the short-survival 

group, 1 pig kidney underwent hyperacute rejection, 5 underwent acute humoral xenograft 

rejection, and I was euthanized on day 4 for acute gastric dilatation (Table1). In the long-

survival group, 3 baboons were euthanized for systemic infection, and 1 lost graft function at 

90 days when immunosuppressive therapy was reduced too quickly (Table1). Mean survival 

in the short survival group was 13 days (range 1-32 days), and in the long-survival group 

was 181 days (90-260 days).

The baboons that received the anti-CD40mAb-based immunosuppressive regimen (n=6) 

included one with acute gastric dilatation (survival 4 days), one that underwent early 

antibody-mediated rejection with consumptive coagulopathy (as the graft was subsequently 

found not to express a human coagulation-regulatory protein), and 3 that required euthanasia 

for systemic infection (at 136, 237, and 260 days). Mean survival was 123 days. In those that 

received conventional immunosuppressive therapy, none survived longer than 32 days, and 

all underwent either hyperacute (n=1) or acute antibody-mediated (n=4) rejection. Mean 

survival was 15 days.

Serum C-RP and SAA levels in baboon recipients

The baboons were divided into two groups based on their survival (a long-survival group: 

≥90 days (n=4), and a short-survival group: <35 days (n=7) (Figure2A, E). SAA levels were 

measured in 11 baboons and CRP in 8 baboons.

Serum C-RP—As all of the baboons received tocilizumab, no significant increase in C-RP 

was observed after transplantation, though some increase occurred in the presence of 

systemic infection (B9313, B17315, B17615) (Figure2A,B). Overall, there was no 

significant difference in the level of C-RP between pre-transplantation (naive) and at the 

time of euthanasia (Figure2C).

SAA—Before xenotransplantation, the SAA assay indicated no inflammation. In both the 

long- and short-survival groups, the SAA showed an immediate moderate inflammatory 

response after the surgical procedure. In the long-survival baboons, there was no further 

increase (and usually a reduction) until the baboon developed either systemic infection (n=3) 

or antibody-mediated rejection (n=1) (Figure2D). In contrast, in the short-survival group, 

after the initial increase after the surgical procedure, the SAA continued to increase until the 

baboon was euthanized for antibody-mediated rejection or acute gastric dilatation 

(Figure2E). In all baboons in both groups, the SAA was increased at the time of euthanasia 

(moderate inflammation n=3, significant [severe] inflammation n=8) (Figure2F).
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C-RP and amyloid A expression in baboon liver tissue

Neither C-RP nor amyloid A was detected in naive pig livers (negative controls) (Figures3A, 

E). In contrast, both C-RP and amyloid A were intensely expressed in the livers from the 

experiments considered positive controls (see Methods) (Figures3B, C, F, G). In all other 

baboons, expression of amyloid A was much greater than of C-RP (Figures3D, H), with the 

MOD of amyloid A being significantly higher than of C-RP (53 vs 1, p<0.01) (Figure3I)

C-RP and amyloid A deposition in pig kidney tissue

There was no deposition of C-RP or amyloid A in naive pig kidneys (negative controls) 

(Figures4A, E). In the kidneys considered to be positive controls, deposition of both C-RP 

and amyloid A was intense (Figures4B, C, F, G). In the pig kidneys in all other baboons, 

deposition of amyloid A, but not C-RP was considerable (Figures4D, H), with the MOD of 

amyloid A being significantly greater than of CRP (24 vs 2, p<0.001) (Figure4I).

Parameters of coagulation and cytokines

In the short-survival baboons, platelet counts and plasma fibrinogen fell rapidly and D-

**dimer rose, whereas in the long-survival baboons these parameters remained largely stable 

until infection or rejection occurred [1, 2, 20]. Compared to naive baboons, the platelet 

counts significantly decreased in the short-survival baboons (p<0.05), but this did not occur 

in the long-survival baboons; overall, however, there was no correlation between the change 

in platelet count and SAA (Figure5A). Plasma fibrinogen levels decreased by the time of 

euthanasia (p<0.05) (Figure5B), and levels of D-dimer were significantly higher at 

euthanasia than pre-transplantation (p<0.01) (Figure5C).

All baboons received the IL-6R inhibitor, tocilizumab, and the TNF-α antagonist, 

etanercept. The serum level of IL-6 significantly increased after the administration of 

tocilizumab (Zhang G, et al. manuscript in progress). Both the levels of TNF-α and IL-1 β 
were significantly increased by the day of euthanasia (Figures5D, F).

Correlation between amyloid A expression in baboon livers and coagulation parameters or 
inflammatory cytokine levels

Our previous study indicated that, in baboons with pig organ grafts, systemic inflammation 

can activate coagulation [7]. Amyloid A is mostly produced by the liver, and so expression 

in the baboon liver provides an indication of the state of inflammation in the recipient. 

Therefore, we investigated correlations between amyloid A expression in the baboon liver 

with (i) coagulation parameters, and (ii) inflammatory cytokine levels. Although the plasma 

fibrinogen level negatively correlated with the expression of amyloid A in the liver (r=−0.72, 

p<0.05) (Figure6B), there was no correlation between platelet counts or D-dimer with 

amyloid A expression (Figures6A, C). We could not demonstrate a correlation between the 

expression of amyloid A in the liver and serum cytokine levels (TNF-α, IL-1 β) (Figures6D, 

E).
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Comparison of the results of the SAA assay with (i) expression of amyloid A in the baboon 
liver and (ii) deposition of amyloid A on the pig kidney graft

The results of the SAA assay correlated with the expression of amyloid A in the baboon 

liver (Table2A) and with the deposition of amyloid A on the pig kidney grafts (Table2B).

Discussion

It is well-known that inflammation leads to activation of the immune system, and is also 

associated with dysregulation of coagulation [21, 22]. After pig kidney xenotransplantation 

in baboons, inflammation may play an important role in exacerbating the immune response 

and coagulation dysregulation [7]. Therefore, prevention of, or the early identification and 

treatment of, inflammation may be important in prolonging survival of pig organ xenografts.

Measurement of serum C-RP is considered a sensitive marker of inflammation, and is 

monitored in inflammatory diseases [23]. In human organ allotransplantation, C-RP has 

been monitored to detect inflammation [24-26]. In pig organ xenotransplantation, our 

previous studies indicated that C-RP was a sensitive marker of acute inflammation [7], but, 

if the baboon recipients received the IL-6R inhibitor, tocilizumab, monitoring of C-RP no 

longer provided an indication of the state of the inflammatory response [5,8,27]. In vitro 

studies in our laboratory have confirmed this observation, and have also demonstrated that 

IL-6-neutralizing antibodies, e.g., sultixumab, also negate C-RP’s value as a marker of 

inflammation (Zhang G, et al, manuscript in preparation).

In the present study, in the presence of tocilizumab therapy, the level of C-RP did not 

significantly increase after pig kidney transplantation, unless terminal severe systemic 

infection developed, and thus was not a sensitive marker of the state of inflammation. 

Studies by others have indicated that SAA may be a more sensitive marker of inflammation 

than C-RP [14, 28], and so we monitored SAA in baboons undergoing pig kidney 

transplantation.

The level of SAA increased as a response to the surgical stress of kidney transplantation, but 

then decreased if the immunosuppressive therapy was fully effective (anti-CD40mAb-based 

regimen), but increased when the regimen was ineffective (conventional therapy) resulting in 

graft failure. Although a rise in SAA was not specific for rejection (as it occurred when a 

systemic infectious complication or acute gastric dilatation developed), it would at least 

inform us that an inflammatory response is developing, alerting us to the need for more 

intensive investigation (e.g., blood culture, graft biopsy) as to the cause, thus enabling us to 

take therapeutic steps to reverse the complication.

In our previous study, severe inflammation was associated with antibody-mediated rejection, 

whether this was early or late in the course of graft survival and whether it was related to 

inadequate immunosuppressive therapy or absence of expression of a human coagulation-

regulatory protein in the graft. Whether the inflammatory response was a causative factor in 

the development of rejection or merely secondary to the response, remains uncertain, though 

Ezzelarab et al provided evidence that inflammation precedes the coagulation dysfunction 

seen in baboons with xenografts [7], suggesting that inflammation is a causative factor. In 
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the present study, there was some correlation between SAA level and parameters known to 

indicate impending xenograft failure, e.g., a falling plasma fibrinogen.

Both SAA and CRP are acute phase proteins, produced largely in cells of hepatic origin, that 

can be induced by a variety of stimuli, including IL-6, TNF-α, and IL-1 β [29-31]. The 

present study indicates that, in the presence of tocilizumab therapy, the production of C-RP, 

but not SAA, is inhibited. This difference may be related to (i) C-RP being more specifically 

stimulated by IL-6 than SAA, or (ii) SAA being more sensitive to cytokine stimulation than 

C-RP [32], and therefore its production not being inhibited so much by tocilizumab. 

Although in the present study we did not document a significant correlation between SAA 

and IL-1 β, it is possible that IL-1 β or other cytokines stimulate SAA production more than 

they stimulate C-RP production. We have been unable to find any reports in the literature 

that clarify this point.

There are several methods for measuring SAA, e.g., radioimmunoassay (RIA), 

enzymelinked immunosorbent assay (ELISA), and microsphere capture enzyme 

immunoassay (MEIA). In the present study, we used a simple, rapid, and sensitive assay that 

can measure SAA in blood or serum, and does not require special equipment. The results of 

the assay appeared to correlate well with the findings of immunohistochemistry. The assay 

has recently been modified by the manufacturer to enable it to be more quantitative, with 4 

(rather than 3) grades of inflammation now being differentiated. This modification should 

allow better differentiation between mild, moderate, and severe inflammation, and may 

possibly identify differences in the response between antibody-mediated rejection and other 

causes of inflammation, e.g., infection.

In conclusion, our study indicated that SAA is a simple, rapid, relatively inexpensive, and 

sensitive marker of inflammation in baboons with pig organ xenografts, even when they 

received anti-inflammatory therapy in the form of the IL-6R blockade agent, tocilizumab. In 

this respect, it proved a more valuable marker than C-RP. However, it was non-specific and 

did not differentiate between graft rejection and systemic infection. However, when carried 

out prospectively, it should prove useful in alerting us to the fact that an inflammatory 

response is developing or increasing, enabling further investigation of the cause and 

introduction of suitable therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

C-RP C-reactive protein

IHC immunohistochemistry

IL-6R interleukin-6 receptor

MOD mean optical density

SAA serum amyloid A

SIXR systemic inflammation in xenograft recipients
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Highlight

Inflammation, which can be measured by the serum amyloid A (SAA) assay and serum 

C-reactive protein (C-RP), increases the immune response to a xenograft.

However, measuring the C-RP does not reflect the state of inflammation when the 

recipient receives an IL-6 receptor inhibitor.

The SAA is a more reliable marker, and correlates with amyloid A expression in the 

recipient liver and with amyloid A deposition in the donor pig kidney.

The SAA assay is a simple, rapid, reliable and relatively inexpensive method to monitor 

inflammation.
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Figure 1: 
Representative results of assay for SAA showing (A) 3 lines (negative), indicating no active 

inflammation, (B) 2 lines, indicating mild-to-moderate inflammation, (C) 1 line, indicating 

significant inflammation.
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Figure 2: Serum C-RP (left) and SAA (right) levels in baboons with pig kidney xenografts.
(A, B) The levels of C-RP in long-survival (A) and short-survival (B) baboons. (D, E) The 

levels of SAA in long-survival (D) and short-survival (E) baboons. (C, F) Comparisons of 

baboon serum C-RP (C) and SAA (F) pre-transplant (naive) and at euthanasia. Although 

there was no significant change in the level of C-RP between these two time-points 

(p=0.08), the level of SAA increased significantly (***p<0.001). (With regard to SAA, the 

results were categorized as normal [no inflammation], moderate, or significant [severe] 

inflammation).
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Figure 3: Expression of C-RP (above) and amyloid A (below) in liver tissue detected by IHC 
(magnification x200).
(A, E) Expression of C-RP and amyloid A in a naive pig liver (negative control); (B, F) 
Expression of C-RP and amyloid A in the liver of a baboon that experienced anaphylactic 

shock (without transplantation) (positive control). (C, G) Expression of C-RP and amyloid 

A in the liver of a baboon with a pig kidney graft that underwent hyperacute rejection (while 

receiving the IL-6R inhibitor, tocilizumab, and the TNF-α antagonist, etanercept) (positive 

control). (D, H) Expression of C-RP and amyloid A in the liver of a representative baboon 

with a pig kidney graft that was undergoing antibody-mediated rejection (while receiving 

tocilizumab). There is considerable expression of amyloid A, but not C-RP, in the liver. (I) 
Comparison of C-RP and amyloid A expression in the livers of baboons with pig kidney 

grafts (while receiving tocilizumab). The difference in expression is significant (**p<0.01).
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Figure 4: Deposition of C-RP (above) and amyloid A (below) in kidney tissue detected by IHC 
(magnification x200).
(A, E) Expression of C-RP and amyloid A in a naive pig kidney (negative control); (B, F) 
Deposition of C-RP and amyloid A in the pig kidney in a baboon that experienced 

anaphylactic shock (without transplantation) (positive control). (C, G) Deposition of C-RP 

and amyloid A in a pig kidney xenograft that underwent hyperacute rejection after 

transplantation into a baboon (while receiving the IL-6R inhibitor, tocilizumab, and the 

TNF-α antagonist, etanercept) (positive control). (D, H) Deposition of C-RP and amyloid A 

in a representative pig kidney xenograft (in a baboon with rejection, while receiving 

tocilizumab). There is considerable deposition of amyloid A, but not C-RP, in the kidney. (I) 
Comparison of C-RP and amyloid A deposition in pig kidney xenografts in baboons (that 

were receiving tocilizumab). The difference in deposition is significant (***p<0.001).
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Figure 5: Comparisons between SAA and selected coagulation parameters and cytokine levels in 
baboons with pig kidney grafts
(A, B, C) Comparison of platelet count (left), plasma fibrinogen (middle), and D-dimer 

(right) and SAA at 2 time-points (pre-transplantation [Naïve] and at euthanasia). The plasma 

fibrinogen was significantly decreased (*p<0.05) and the D-dimer was significantly 

increased by the day of euthanasia (**p<0.01). (Red lines = short-survival baboons; green 

lines = long-survival baboons.) (D, E) Comparison of SAA and serum TNF-α (left) and 

serum IL-1 β (right) in baboons (receiving tocilizumab) at 2 time-points (pre-transplantation 

[Naïve] and at euthanasia). Both TNF-α and IL-1 β were significantly increased at 

euthanasia (**p<0.01).
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Figure 6: Correlation between amyloid A expression in the livers of baboons (with pig kidney 
xenografts) and selected coagulation parameters and serum cytokine levels.
(A, B, C) Correlation of the expression of amyloid A in the baboon liver (n=8) with platelet 

count (left), plasma fibrinogen (middle), and D-dimer (right). The expression of amyloid A 

in the baboon liver negatively correlated with the change in plasma fibrinogen (r=−0.72, 

*p<0.05). (D, E) Correlation of amyloid A expression in the baboon liver with TNF-α and 

IL-1 β. The expression of amyloid A in the baboon liver did not correlate significantly with 

the change in TNF-α (r=−0.13, p>0.05) or IL-1 β (r=0.45, p>0.05).

Zhang et al. Page 17

Int J Surg. Author manuscript; available in PMC 2019 December 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zhang et al. Page 18

Table 1:

Maintenance immunosuppressive (IS) therapy, survival (in days), and cause for euthanasia in baboons with pig 

kidney grafts

Baboon
Number Maintenance IS therapy Survival (days) Cause for euthanasia

Long survival group

B10815 Anti-CD40mAb-based 90 AHXR

B9313 Anti-CD40mAb-based 136 Systemic Infection

B17315 Anti-CD40mAb-based 237 Systemic Infection

B17615 Anti-CD40mAb-based 260 Systemic Infection

Short survival group

B17415 Anti-CD40mAb-based 12 AHXR

B3115 Anti-CD40mAb-based 4 Acute gastric dilatation

B14214 Conventional therapy* 32 AHXR

B5415 Conventional therapy* 15 AHXR

B15815 Conventional therapy* 12 AHXR

B9015 Conventional therapy* 13 AHXR

B14115 Conventional therapy* 1 Hyperacute rejection

*
Conventional therapy consisted of only FDA-approved agents (various combinations of CTLA4-Ig, tacrolimus, rapamycin, mycophenolate 

mofetil).

AHXR = acute humoral xenograft rejection.
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Table 2:

Comparison of the results of the SAA assay with (A) amyloid A expression in the recipient baboon livers, and 

(B) amyloid A deposition in the pig kidney grafts

A

Degree of inflammation SAA Amyloid A
expression (IHC)

P
(SAA vs IHC)

Serum (n=8)
n (%)

Liver (n=8)
n (%)

Significant 6 (75) 7 (88)

Moderate 2 (25) 1 (12) NS

Normal or negative 0 (0) 0 (0)

B

Degree of inflammation SAA Amyloid A
deposition (IHC)

P
(SAA vs IHC)

Serum (n=11)
n (%)

Kidney (n=11)
n (%)

Significant 8 (73) 10 (91)

Moderate 3 (27) 0 (0) NS

Normal or negative 0 (0) 1 (9)

Int J Surg. Author manuscript; available in PMC 2019 December 03.


	Abstract
	Introduction
	Materials and Methods
	Animals
	Immunosuppressive, anti-inflammatory, and adjunctive therapy
	Measurement of serum C-RP and SAA
	Measurement of coagulation parameters
	Immunohistochemistry (IHC) for C-RP and amyloid A
	Intensity and extent of staining:
	Quantitative analysis of expression:

	Serum assays for TNF-α and IL-1 β cytokines in baboons
	Statistical analyses

	Results
	Clinical course
	Serum C-RP and SAA levels in baboon recipients
	Serum C-RP
	SAA

	C-RP and amyloid A expression in baboon liver tissue
	C-RP and amyloid A deposition in pig kidney tissue
	Parameters of coagulation and cytokines
	Correlation between amyloid A expression in baboon livers and coagulation parameters or inflammatory cytokine levels
	Comparison of the results of the SAA assay with (i) expression of amyloid A in the baboon liver and (ii) deposition of amyloid A on the pig kidney graft

	Discussion
	References
	Figure 1:
	Figure 2:
	Figure 3:
	Figure 4:
	Figure 5:
	Figure 6:
	Table 1:
	Table 2:

